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SUMMARY

Psoriasis is characterised by epidermal proliferation and inflammation resuliing in the
appearance of elevated erythematous plaques. The ratio of c-AMP/c-GMP is decreased in
psoriatic skin and when the epidermal cell surface receptors are stimulated by [J-adrenergic
agonists, intracellular ATP is transformed into c-AMP, thus restoring the ¢c-AMP/c-GMP
levels. This thesis describes a series of [-adrenoceptor agonists for topical delivery based
upon the sofi-drug approach. Soft drugs are defined as biologically active, therapeutically
useful chemical compounds (drugs) characterised by a predictable and conirollable /n vivo
destruction (metabolism) to non-toxic moieties, after they achieve their therapeutic role.
The N-substituent can accommodate a broad range of structures and here the
alkoxycarbonylethyl group has been used to provide metabolic susceptability. The
increased polarity of the dihydroxy acid, expected after metabolic conversion of the soft-
drug, ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate, shonld
eliminate agonist activity, Further, to prevent oxidation and enhance topical delivery, the
catechol hydroxyl groups have been esterified to produce a pro-soft-drug which generaies
the soft-drug in enzymic systems,

The chemical hydrolysis of the pro-sofi-drug proceeded via the formation of the
dipivaloyloxy acid and it failed to generate the active dihydroxy ester sofi-drug. In
confrast, in the presence of porcine liver carboxyesterase, the hydrolysis of the pro-sofi
drug proceeded via the formation of the required active soft-drug. This compound, thus,
has the appropriate kinetic features to enable it fo be evaluated further as a ding for the
treatment of psoriasis,

The pH rate-profile for the hydrolysis of soft-drug indicated a maximum stability at pH ~
4.0. The individual rate constants for the degradation and the pK;, were analysed by non-
linear regression. The pKj of 7.40 is in excellent agreement with that determined by direct
titration (7.43) and indicates that satisfactory convergence was achieved. The soft-drug was
poorly transported across a silicone membrane; it was also air-sensitive due to oxidation of
the catechol group. The transport of the pro-soft-drug was more efficient and, over the
donor pH range 3-8, increased with pH. At lower values, the largely protonated species
was not transported. However, above pH 7, chemical degradation was rapid so that a donor
pH of 5-6 was optimum.

The B-adrenergic agonist activity of these compounds was tested in vifro by measuring
chronotropic and inotropic responses in the guinea ”I%ig atria and relaxation of guinea pig
trachea precontracted with acetylcholine (10-2 M), The soft-drug was a full agonist on the
tracheal preparation but was less potent than isoprenaline. Responses of the soft-drug were
competitively antagonised by propranolol (10-6 M), The soft-drug produced an increase in
force and rate of the isolated atrial preparation. The propy! analogue was equally potent
with EDsq of 6,52 x 10-7 M. In contrast, at equivalent doses, the dihydroxy acid showed

no activity; only a marginal effect was observed on the tracheal preparation, ’

For the pro-sofi-drug, responses were of slow onset in bath preparations, with & glowly
developing relaxation of the fracheal preparation at high concentrations (10-5 M), This ia
consistent with in vitro results where the dipivaloy] groups ave hydrolysed mare readily
than the ethyl ester to give the active soft-drug. These results confirm the validity of the
pra-soft-drug approach to the delivery of f-adrenoceptor agonisis,

Keywords: Acetylcholine, Chemical and enzymatic hydrolysis, Chronofrapio snd
inotropic responses, Cyclic-AMP, Diffusion, Epidermal proliferation, @xsiﬁ%ﬁgi i achen
and aria, Inflammation, Tsoprenaline, Oxidation, Permeation, pH Rate-profile, Pro-sofie
drug, Frodiug, Propranolel, Silicone i‘i“i@ﬁﬁﬁ?ﬁg@% Sofi=deg, _ ~
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(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et).

4.1 Typical HPLC chromatogram of a two-component mixture. 150

4.2 UV spectrum of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3- 152

aminopropionate (74, R=Et) in chloroform (200-350 nm).
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43

44

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

5.1
5.2

53

54

5.5

UV spectrum of ethyl N—[2'-(3",4"-dipivaloyloxyphcnyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in chloroform (190-450 nm).

HPLC chromatogram of [A= ethyl N-(2'-hydroxy-2'-phenylethyl)-3-amino-
propionate (50, R= Et)] in 40% methanol in water mobile phase.
[B=acid; (50, R=H)].

HPLC chromatogram of [A= methyl N-(2'-hydroxy-2'-phenylethyl)-3-amino-
propionate (50, R= Me)] in 30% methanol in water mobile phase.
[B=acid; (50, R=H)].

Calibration graph for ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate
(50, R=Et) in 15% acetonitrile in water mobile phase.

HPLC chromatogram of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-amino-
propionate (50, R=Et) in 15% acetonitrile in water mobile phase.
[B=acid; (50, R=H)].

HPLC chromatogram of [A= ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxy-
ethyl]-3-aminopropionate (74, R= Et)] in 4% acetonitrile mobile phase.
[B=acid; (74, R=H)].

Calibration graph for ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (74, R= Et) in 4% acetonitrile in water mobile phase.

HPLC chromatogram of [A= ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107)] in 30% acetonitrile mobile phase.
[B=dipivaloyl acid; (120, R=H)]. :

Calibration graph for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (107) in 30% acetonitrile in water mobile phase.

HPLC chromatogram of [A= propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxy-
ethyl]-3-aminopropionate (74, R= Pr)] in 10% acetonitrile mobile phase.
[B=acid; (74, R=H)].

Calibration graph for propyl N-[2-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (74, R=Pr) in 10% acetonitrile in water.

Postulated hydrolysis pathway of triester (107).
Chemical hydrolysis of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate

(50, R=Et) in phosphate-citrate buffer pH 5.0 without any co-solvent.

Chemical hydrolysis of ethyl N-(2-hydroxy-2'-phenylethyl)-3-aminopropionate
(50, R= Et) in phosphate-citrate buffer pH 2.0 to 11.0 in 10% acetonitrile in
water at 50 °C.

Chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (74, R= Et) in phosphate-citrate buffer pH 2.0 to 11.0 at

50 °C.

Hydrolysis of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in different solvents included in phosphate-citrate

buffer at pH 9.0 at 50 °C.
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5.6

5.7

5.8

59

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

6.1

6.2

6.3

6.4a

Chemical hydrolysis of ethyl N—[2'-(3",4"-dipivaloyloxyphenyl)-Z'-hydroxy- 180
ethyl]-3-aminopropionate (107) in aqueous phosphate-citrate buffer, pH 2.0 to

11.0 containing 10% acetonitrile at 50 °C.

Hydrolysis rate constants of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-amino- 183
propionate (50, R=Et) dependent upon pH.

Hydrolysis rate constants of ethyl N—[2'-(3",4"—dihydroxyphenyl)—2’—hydroxy- 185
ethyl]-3-aminopropionate (74, R=Ef) dependent upon pH.

Hydrolysis rate constants of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'- 187
hydroxyethyl]-3-aminopropionate (107) dependent upon pH.

Enzyme hydrolysis of ethyl N—[2'-(3",4"-dihydroxyphenyl)-2’-hydroxyethy1] 189
-3-aminopropionate (74, R=Et) with and without PLCE at pH 7.4 and 37 °C.

Hydrolysis of ethyl N—[2'-(3",4"-dipivaloyloxyphenyl)-2’-hydroxyethyl]-3- 190
aminopropionate (107, 80 uM) in buffer solution pH 7.4 at 37 °C with PLCE.

Enzyme hydrolysis of ethyl N—[2'-(3",4"-dipivaloyloxyphcnyl)-2'—hydroxyethyl] 191
-3-aminopropionate HCI (107) without PLCE at pH 7.4 and 37 °C.

Potentiometric titration run of ethyl N-(2'-hydroxy-2'-phenylethyl)- 193
3-aminopropionate (50, R=Et) with 0.1 M HC.

Half-lives of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et)in 197
enzyme hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

Kinetic profile of pro-soft-drug (107) and in situ generated soft-dru g (74, R=Et) 197
in enzyme hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

Half-lives of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et)in 198
enzyme hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

Kinetic profile of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et) 19§
in enzyme hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

Chemical and enzymatic hydrolysis of pro-soft-drug (107). 199

HPLC chromatogram shows the formation of unknown peak [B= dipivaloyl 204
carboxylic acid (120)] in the chemical hydrolysis of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3—aminopropionate (107, A) at pH 4.0

after 582 hours.

HPLC chromatogram shows very little or no formation of unknown peak [B= 204
dipivaloyl carboxylic acid (120)] in the esterase catalysed hydrolysis of ethyl
-[2'-(3",4"-dipivaloyloxyphenyl)-2'—hydroxyethyl]-3-arninopropionate (107, A).

Assignments of ethyl N—[2'—(3“,4"-dipivaloy]oxyphcnyl)-2'-hydroxyethyl]-3- 208
aminopropionate (107) by lH-NMR [D-,0, pD 8.57-CD3CN (8:2, v/v)].

TH-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxypheny1)-2'-hydroxyethyl] 209
-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D,O.
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6.4b Expansion of aromatic region of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20%
CD3CN in D70.

6.5 Assignments of N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-amino
propionic acid (120) by !H-NMR [D20, pD 8.57-CD3CN (8:2, v/v)].

6.6  Assignments of N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino-
propionic acid (74, R=H) by 1H-NMR [D;0, pD 8.57-CD3CN (8:2, v/v)].

6.7a 1H-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxy-
ethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN
in D20 after 24 hrs.

6.7b Expansion of aromatic region of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20%
CD3CN in D70 after 24 hrs.

6.8a 1H-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxy-
ethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN
in D70 after 70 hrs.

6.8b Expansion of aromatic region of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20%
CD3CN in D70 after 70 hrs.

6.9a IH-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxy-
ethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN
in D70 after 300 hrs.

6.9b Expansion of aromatic region of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20%
CD3CN in D70 after 300 hrs.

6.10a Hydrolysis of triester (107) in potassium phosphate buffer (pD 8.57) in 20%
acetonitrile at 37 °C by IH-NMR spectroscopy over 70 hrs.

6.10b Hydrolysis of triester (107) in potassium phosphate buffer (pD 8.57) in 20%
acetonitrile at 37 °C by !H-NMR spectroscopy over 300 hrs.

6.11a Hydrolysis of triester (107): formation of the dipivaloyloxy acid (120) and the
dihydroxy acid (74, R=H). After 70 h the proportions of (107), (120) and
(74, R=H) were 58, 29 and 13% respectively by !H-NMR spectroscopy.

6.11b Hydrolysis of triester (107): formation of the dipivaloyloxy acid (120) and the
dihydroxy acid (74, R=H). After 300 h the proportions of (107), (120) and

(74, R=H) were 9, 23 and 68% respectively by IH-NMR spectroscopy.

6.12 Enzyme hydrolysis of triester (107) in 10% acetonitrile in phosphate-citrate
buffer at pH 7.4 and 37 °C with 6.29 U of porcine liver carboxyesterase.

210

211

211

213

214

215

216

217

218

221

222

222

223

225

6.13 Half-life of dihydroxy ethyl ester (74, R= Et) formed in the reaction mixture by 226

the hydrolysis of triester HCI (107) in 10% acetonitrile in phosphate-citrate
buffer at pH 7.4 at 37 °C with 6.29 U of porcine liver carboxyesterase.
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6.14 Assignments of ethyl N—[2'-(3",4"—dihydroxyphcnyl)—2'~hydroxyethy1]—3-amino 230
propionate (74, R= Et) in !H-NMR [D20, pD 8.57-CD3CN (9:1, v/V)].

6.15a TH-NMR spectrum of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'—hydroxyethyl]-3— 232
aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17) in 10% CD3CN in D,0.

6.15b Expansion of aromatic region of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'- 233
hydroxyethyl]-3-aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17)
in 10% CD3CN in D,0.

6.16 IH-NMR spectrum of ethyl N—[2'—(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]- 234
3-aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17) in 10% CD3CN
in DO after 5 hrs.

6.17 Hydrolysis of ethyl N—[2'—(3",4"-dihydroxyphcnyl)—?.’-hydroxyethyl]—3- 235
aminopropionate (74, R= Et) at pH §.17 (pD 8.57) in potassium phosphate

buffer in 10% acetonitrile at 37 °C by IH-NMR spectroscopy.

6.18 Hydrolysis of ethyl N—[2'—(3",4"-dihydroxyphenyl)~2'~hydroxyethyl]-3- 235
aminopropionate (74, R= Et) in pH 8.17 (pD 8.57) and formation of
dihydroxyacid (74, R=H) in potassium phosphate buffer in 10% acetonitrile

at 37 °C by IH-NMR spectroscopy.

7.1  The time course for absorption for the simple flux obtained by plotting the 240
cumulative amount of diffusant crossing unit area of membrane (M) as a
function of time.

7.2 Schematic representation of a Franz-type diffusion cell. 242

7.3 Transport of ethyl N—[2’-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3—amino— 244
propionate (74, R=Et) through the silicone membrane at pH 6.5 in the donor
compartment. Receiving compartment contains 10% propylene glycol in water
at pH 3.0.

7.4 Transport of ethyl N-[2'—(3",4"-djpivaloyloxyphcnyl)-2'-hydroxyethyl]—3-amino 245
propionate (107) through the silicone membrane in 10% propylene glycol in
water at pH 6.5 in receiving compartment (pH 7.0 in the donor compartment).

7.5 Transport of ethyl N—[2'-(3",4"-dipivaloyloxyphenyI)-2'—hydroxyethy1]-3-amino 246
propionate (107) through the silicone membrane in 10% propylene glycol in
water at pH 3.0 in receiving compartment (pH 7.0 in the donor compartment).

7.6  Permeation of ethyl N—[2'-(3",4"—dipivaloyloxyphenyl)-Z'-hydroxyethyl]-3— 246
aminopropionate (107) across the silicone membrane at different pH
(non-buffered) in 10% propylene glycol in water in the donor compartment.

1.7  Silicone membrane transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'- 248
hydroxyethyl]-3-aminopropionate (107) at buffered pH 3.0-5.0 in 10%
propylene glycol in water in the donor compartment.

7.8  Silicone membrane transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'- 248
hydroxyethyl]-3-aminopropionate (107) at buffered pH 6.0-8.0 in 10%
propylene glycol in water in the donor compartment,

7.9 Silicone membrane transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'- 249
hydroxyethyl]-3-aminopropionate (107) at different buffered pH in 10%
propylene glycol in water in the donor compartment.



7.10 Permeation of ethyl N—[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethy1]-3— 250

8.1

8.2

3.3

3.4

aminopropionate (107) increases as the percentage of unionized triester
increases in the donor compartment,

The soft-drug (74, R=Et) was a full agonist on the trachea preparations but 256
was less potent than isoprenaline [EDsq of 4.07 (£ 0.49) x 10-7 M compared
with 2.68 (+ 0.37) x 10-7 M for isoprenaline].

Responses to the soft-drug (74, R=Et) was competitively antagonised by 256
propranolol (10-6 M) and, in the presence of propranolol, the EDs of the drug
was 8.8 (£ 0.9) x 106 M.

The maximal response of acid (74, R=H) was significantly less than the agonist 257
(74, R=Et) and was attained at a concentration of 3 x 104 M whereas with the

soft drug the maximum response was achieved at a concentration of 10-5 M

[ED5g of 2.95 (£ 0.9) x 10-5 M].

The maximum relaxation of guinea pig trachea by soft-drug (74, R=Et) at a 257
concentration of 3 x 10-3 M, isoprenaline at a concentration of 3 x 10-5 M and
dihydroxy acid (74, R=H) at a concentration of 3 x 104 M.
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6.3  Chemical shift and coupling constants of aromatic protons of ethyl N-[2'-(3",4"- 231
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=Et) and
dihydroxy acid (74, R=H).

6.4 Calculation of % of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl] 231
-3-aminopropionate (74) and hydrolysis product N-[2'-(3",4"-dihydroxyphenyl)
-2'-hydroxyethyl]-3-aminopropionic acid (74, R=H) by integration in !H-NMR.

7.1  Permeation data for ethyl N~[2’—(3",4"-djpivaloyloxyphenyl)-2'~hydroxyethyl]— 247
3-aminopropionate (107) across the silicone mémbrane at different pH
(non-buffered) in 10% propylene glycol in water in the donor compartment.

7.2 Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)- 249
2"-hydroxyethyl]-3-aminopropionate (107) at different buffered pHin 10%
propylene glycol in water in the donor compartment.

7.3 Percentage of ionized and unionized ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)- 250
2'-hydroxyethyl]-3-aminopropionate (107) at different buffered pHin 10%
propylene glycol in water in the donor compartment.

8.1 The EDj of isoprenaline, soft drugs (74, R=Et, Pr), soft drug (74, R=Et) with 254
propranolol and metabolite (74, R=H).
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Hydrolysis was monitored by HPLC using 30% acetonitrile in water as mobile
phase [I]. The same experiment was repeated and monitored in 4% acetonitrile
in water [II].
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5.10A Enzymatic hydrolysis of in situ generated soft-drug (74, R=Et) by the
enzymatic hydrolysis of pro-soft-drug (107) [mobile phase is 4% MeCN
in water].

6.1A Calculation of % of ethyl N—[2‘-(3",4"—dipivaloyloxyphenyl)-Z'-hydroxyethyl]-

3-aminopropionate (107) and hydrolysis products N-[2'-(3",4"-dipivaloyloxy-
phenyl)-2'-hydroxyethyl]-3-aminopropionic acid (120) and N-[2'-(3",4"-
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-3-aminopropionate (74, R=Et) and hydrolysis product N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid (74, R=H)
by integration in IH-NMR.

7.1A Transport of ethyl N-[2'-(3",4"-djpivaloyloxyphenyl)—2'-hydroxyethyl]-3—
aminopropionate (107) through the silicone membrane in 10% propylene
glycol in water at pH 6.5 in receiving compartment.

7.2A Transport of ethyl N-[2'-(3",4"—dipivaloyloxyphenyl)-2'-hydroxyethyl]-3—
aminopropionate (107) through the silicone membrane in 10% propylene
glycol in water at pH 3.0 in receiving compartment.

7.3A Cumulative transport data for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) across the silicone membrane at

different pH in the donor compartment [flux in (umol/cm?2/h)].

7.4A Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)
-2-hydroxyethyl]-3-aminopropionate (107) at buffered pH 3.0in 10%
propylene glycol in water in the donor compartment.

7.5A Silicone membrane transport data of ethyl N-[2-(3",4"-dipivaloyloxyphenyl)
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1.1 PSORIASIS

Dermatological disorders affect some 20% of the UK population with psoriasis being one of
the most prevalent with a 2 to 6% incidence nationwide. Psoriasis! is characterized by
epidermal proliferation and inflammation resulting in the appearence of elevated erythematous
plaques, which in severe cases may involve the entire body surface. Psoriasis occurs most
commonly on the skin of the extensor surfaces of the elbows and knees, but may affect any
part of the body including scalp and genitalia, however it is uncommon on the face. The
erythema is due to proliferation of dermal blood vessels, but this effect, and the accumulation
of lymphocytes and histocytes in the dermal papillae are probably secondary to the changes
in the epidermis.

The aetiology of psoriasis is multifactorial with a genetic predisposition combining with
environmental trigger-factors to initiate the production of skin lesions. The most important
triggering and aggravating factor in psoriasis is psychological stress. Hormonal and/or
immunological processes may be influenced by stress, but any theories linking these
processes with psoriasis are, at this time, speculative considering the lack of understanding
of the biological effects of stress.

The progress of the disease often follows a cycle of remission and exacerbation and the aim
of the therapy is to ameliorate the symptoms of psoriasis rather then exercise a total cure.
Thus, chronic therapy usually involves a course of treatment followed by a period free from
medication.

1.1.1 Different forms of psoriasis
Psoriasis exists in several different clinical forms.

1) Eczematous Psoriasis: This is characterised by erythematous, usually sharply marginated,
plaques that often have silvery scales in hairy areas and severe dandruff, often with
marginated plaques. Pitting of finger nails and nail separation, without evidence of fungus,

occurs.

i1) Generalised Pustular Psoriasis: The clinical manifestation involved with this form is
eruption of sterile, superficial pustules resulting from neutrophil accumulation, often in
association with psoriatic lesions and causing severe disability. Generalised pustular
psoriasis is classified as:

27



CHAPTER ONE: Introduction-Psoriasis

Acute generalised pustular psoriasis
Generalised pustular psoriasis of pregnancy
Circinate and annular pustular psoriasis
Juvenile and infantile pustular psoriasis
Palmoplantar psoriasis

Two forms, generalised pustular psoriasis and palmoplantar psoriasis, may be distinguished,
the localised variant is usually limited to the palms and soles (palmoplantar psoriasis)
whereas the less common widespread form (generalised pustular psoriasis) affects the entire
body surface. The latter entity (von Zumbusch psoriasis) is one of the most severe and
disabling forms of psoriasis.

1ii) Arthropathica Psoriasis: When psoriasis is associated with rheumatoid arthritis, the
condition is called arthropathica psoriasis.

iv) Chronic Plaque Psoriasis: This is the most common form, also known as psoriasis
vulgaris, affecting some 90% of psoriatic patients. It is characterised by the sharply defined
erythematosquamous plaques, usually distributed fairly symmetrical and most commonly
affecting the knees, elbows and lumbar region. The size of the lesion varies from coin-sized
to large assemblies of coalescent lesions (psoriasis geographica).

V) Guttate Psoriasis: This form is characterised by small 'drop-like’ lesions distributed over
most of the body surface, particularly the trunk and the limbs. It is most commonly seen in
children, often following an episode of stress or a streptococcal throat infection, and usually
resolves with minimal therapy in the course of six to twelve weeks.

vi) Erythodermic Psoriasis: This exfoliative form involves the entire skin surface, with
generalised erythema and scaling replacing the characteristic psoriatic lesion. It may lead to
systemic complications, notably thermal irregulation, dehydration and protein-loss with renal
and cardiac failure in extreme cases.

1.1.2  Pathogenesis of psoriasis

The clinical manifestation of psoriasis is marked by extensive scaling and a thickened
epidermis. The investigations of van Scott2 suggested and quantified the concept of
'hyperplasia of psoriasis' based on the finding of a 27-fold increase in the mitotic rate of
psoriatic keratinocytes, together with a decreased epidermal turnover time as compared with
normal skin.
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An uncontrolled cellular proliferation of epidermal cells was therefore regarded as the
primary disorder in psoriasis. In psoriasis there is increased mitosis and shortened transit
times to decrease cell cycle time. More recent work, however, suggests that the increased
epidermal turnover in psoriasis is not due to any major alteration in the cell cycle time, but is
the result of a large proliferative cell population (germinative compartment) and an increase in
the proportion of these cells recruited to the active cycling phase.3

1.1.3 Cell cycle

The cell cycle can be divided into four main phases:
Gj interphase
S or DNA synthesis phase
Gy resting phase
M or mitotic phase

After the M phase, which consists of nuclear division (mitosis) and cytoplasmic division
(cytokinesis), the daughter cells begin interphase of the new cycle. Interphase starts with the
G phase, in which the biosynthetic activities of the cell, which proceed very slowly during
mitosis, resume at a high rate. In most cells, the DNA in the nucleus is replicated during
only a limited portion of interphase; this period of DNA synthesis is called the S-phase of the
cell cycle. Between the end of the M phase and the beginning of DNA synthesis, there is
usually an interval, known as the Gy phase (G= gap); a second interval, known as the G»
phase, separates the end of DNA synthesis from the beginning of the next M phase. The S
phase begins when DNA synthesis starts, and ends when the DNA content of the nucleus
has doubled and the chromosomes have replicated (each chromosome now consists of two
identical sister chromatids). The cell then enters the G2 phase, which continues until mitosis
starts, initiating the M phase. Cytokinesis terminates the M phase and marks the beginning
of the interphase of the next cell cycle. Interphase is thus composed of successive Gy, S and
Gz phases and it normally comprises 90% or more of the cell cycle. A typical cell cycle with
its four successive phases is illustrated in Figure 1.1.

The cell cycle also includes the possibility for a Go population. The G, population
represents the potential proliferative cells in a resting or inactive state that can be induced to
enter into the active cycling state by specific stimuli. However, Gy cells cannot be identified
by available histologic techniques and thus cannot be separated from Gj cells
microscopically. If G, cells are present within a defined germinative cell population, then the
growth fraction (GF) will be less than unity. The GF is the ratio of actively proliferating
cells per total number of cells in the defined proliferative compartment, that is, the basal cell
layer.
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Figure 1.1: Diagram of the proliferative (germinative) cell cycle.
The Go phase represents a potential population of cells in a 'resting' state that can be
stimulated to re-enter the cell cycle by various triggers.

Psoriasis appears to involve at least three proliferative defects in the transformation of normal
to psoriatic epidermis. The most significant kinetic change is due to the reduction of cell
cycle (CC) duration from 311 to 36 hr (Table 1.1). The other two changes are a doubling of
the proliferative cell population and an increase in the GF from 60 to 100%. The psoriatic
epidermis produces 35,000 new cells per mm? per day in a proliferative compartment
containing 52,000 cells, while the parallel values in normal epidermis are 1246 new cells per
mm? per day with 27,000 cells.

Duration (hr) j}
(izr M G CC (total)
10 1 286 311
Psoriatic Skin . 4 |03 23 36

Table 1.1: Cell cycle time: in normal and in psoriatic epidermis.

Early work with guinea-pig and adult human epidermis suggested that the elevation of
intracellular c-AMP inhibits proliferation of cells at the G1 and G2 phase of the cell cycle, but
not at the S phase.4

In psoriasis, the number of proliferating cells in lesional and uninvolved skin is,

respectively, 12- and 2-fold greater than normal.5 Thus, in psoriasis, homeostatic restraint is
defective throughout the entire epidermis.
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1.1.4 Inflammatory mediators in psoriasis

One of the most prominent features of the psoriatic lesion is the accumulation of
polymorphonuclear leucocytes (PMNL's) in the upper region of the epidermis where they
form characteristic Munro's microabscesses and spongioform pustules.6 Hammarstrom and
coworkers? in 1975, first introduced the possibility that arachidonic acid metabolism may
play a possible role in the pathogenesis of psoriasis. Arachidonic acid is an unsaturated,
long-chain, fatty acid (5,8,11,14-eicosatetraenoic acid), which has been shown to be a
bioprecursor for prostaglandins.

Arachidonic acid and its metabolites are elevated in psoriatic lesional epidermis and may be
important to the pathogenesis of psoriasis. The enzyme phospholipase A, responsible for
the cleavage of arachidonic acid from the cell membranes, is inhibited by c-AMP 4
Prostaglandin Ej, generated from arachidonic acid, is not an effective stimulator of adenylate
cyclase in psoriatic epidermis.8 Prostaglandin E stimulates adenylate cyclase whereas
prostaglandin F activates guanylate cyclase. Therefore, prostaglandins E and F are
antagonists in their effect on the system of cyclic nucleotides. Perhaps a defective c-AMP
generating cascade could explain the increase in the phospholipase A» activity in psoriasis.
Also, arachidonic acid and other fatty acids are known inhibitors of adenylate cyclase,? thus
further interfering with c-AMP regulation.

1.1.5 Role of ¢-AMP in psoriasis

A defect in the cyclic nucleotide system in the epidermis, reflected by an imbalance in the
ratio of c-AMP to c-GMP, has been proposed to play a central role in the pathogenesis of
psoriasis.10 Normal human epidermis contains approximately 0.2-0.4 pmol of cyclic-
AMP/ug of DNA. Cyclic-GMP is also present in the dermis but in much smaller amounts,
ranging from 5 to 7 fmol/ug of DNA, and shows a statistically significant two-fold increase
in the lesional epidermis. 11

Voorhees et all? suggested that the ratio of the two cyclic nucleotides c-AMP and c-GMP
control skin glycogen metabolism. The ratio of c-AMP/c-GMP was found to be decreased in
psoriatic skin, and this was presumed to be the cause of increased cellular proliferation and
- decreased glycogenolysis in psoriatic skin. The mean glycogen content (1 % 6) in the normal
skin is 35 * 6.9 mg/100g of wet weight of the tissue. The mean glycogen content of the
psoriatic skin is 108.6 * 43.7 mg/100g of wet weight of tissue.l0 Royer et al.13 found that
c-AMP formation was significantly lower in psoriatic than in normal skin. Cyclic-AMP
formation in lesional psoriatic epidermis is 25% of that in uninvolved skin. In the cell, cyclic
nucleotide metabolism is important in the regulation of such diverse functions as hormone
action, neuronal function, growth and differentiation, muscular contraction, cell product
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secretion, and immune responses. Sotherland and Ral]l4 gave the name ‘second messenger'
to c-AMP after showing that hormones (such as catecholamines), sometimes called ‘chemical
messengers', first interact with liver cell membranes to release c-AMP which then
subsequently activate the phosphorylase enzyme responsible for glycogen breakdown.

When the epidermal cell surface receptors are stimulated by any of the five known types of
agonist (B-adrenergic agonists, prostaglandins, histamine, adenosine and cholera toxin,
Figure 1.2) intracellular ATP is transformed into c-AMP viag a GTP-coupling protein:
adenylate cyclase complex. The c-AMP which is not degraded to AMP by cyclic nucleotide
phosphodiesterase (PDE), is free to activate c-AMP-dependent protein kinase (PK) which in
turn transfers the terminal phosphate of the ATP to a series of cellular proteins. The
biological effects of these phosphorylations are dependent on the amount and type of proteins
available, which are probably determined by the state of cellular activity or differentiation.15

Figure 1.2 is a simplified diagram of this proposed c-AMP cascade. Perturbations of the cell
membranes or surface receptors result in the activation of adenylate cyclase through a
membrane coupling system., Adenylate cyclase subsequently catalyses the production of
intracellular c-AMP. The level of c-AMP is determined by the balance of this production
with its breakdown catalysed by cyclic nucleotide phosphodiesterase. Any increase in c-
AMRP results in the activation of protein kinase, which then phosphorylates cellular protein.

Activation of protein kinase leads to the phosphorylation of a wide variety of protein
substrates. Phosphorylation of membrane proteins may control membrane ionic
conductance. An increased membrane permeability to Ca2+ may cause inhibition of
adenylate cyclase and activation of guanylate cyclase. The physiolo gical role of these protein
phosphorylations remains unknown, but they could be the molecular mediators of c-AMP
effects in the human epidermis. Any defect in the entire cascade could result in altered cell
function.

In addition to a decreased ability of the cell surface to activate adenylate cyclase in psoriasis
and decrease c-AMP transfer by gap junction, increased activity of c-AMP phosphodiesterase
(c-AMP-PDE) might explain the lower c-AMP synthesizing capacity of psoriatic epidermis.
A defective c-AMP cascade is related to this weakened restraint of proliferation and is
important in the pathogenesis of psoriasis. Normally, the epidermis is maintained by a low
level of cell proliferation sufficient to provide new cells to replace those shed from normal,
undamaged skin. B-Adrenergic agonists such as catecholamines!6 stimulate c-AMP

production in a variety of epidermal tissue preparations.17 This response is decreased with
the addition of B—antagonists (propranolol) but not with o-antagonists.
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Figure 1.2: Cyclic-AMP cascade

In addition to regulation, proliferation and differentiation, c- AMP interacts with other aspects
of cellular metabolism. Cyclic-AMP elevation is associated with glycogen breakdown in
muscle tissue. Topical isoprenaline reduces the elevated glycogen content of lesional
psoriatic epidermis.10 It ig likely that c-AMP regulates glycogen metabolism in the epidermis
as it does in other tissues. Glycolysis is increased in psoriatic plaques!8 and is inhibited in
the epidermis by c-AMP analogues and elevatin g agents. 19
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This view is supported by the finding that psoriasis is aggravated by lithium carbonate,
antimalarials or B-adrenoceptor blocking drugs which decrease c-AMP.20 The local
application of B-adrenoceptor blocking drugs produces psoriasiform-lesions in guinea
pigs,2! and, in latent psoriasis, B-antagonists greatly increase epidermal proliferation.22
Topical application of propranolol to the guinea-pig skin causes thickening of the skin with
histological changes which strikingly resemble psoriasis in man. These finding suggest that
propranolol has a direct pharmacological effect on the skin. The presence of B-adrenergic
blocking agents may interfere with the normal homeostasis of the epidermis.

Compared to normal skin, uninvolved psoriatic skin has a greater proliferation response 48
hrs after propranolol injection, saline injection and or stripping. Despite the fact that tape
stripping was the strongest stimulus for proliferation, propranolol was most effective in
differentiating uninvolved psoriatic skin from the normal skin.22 This possible selectivity
suggests that the propranolol may be biochemically altering a defective modulator of
epidermopoiesis in uninvolved psoriatic skin. Tutton and Helme?3 found that propranolol
shortened cell cycle time in the crypts of rat jejunum. Winchurch and Mardiney24 have
shown that propranolol enhances antigen-induced lymphocyte blastogenesis. Both of these
effects are mediated by the B-adrenergic blocking properties of propranolol.

Drugs which increase c-AMP levels, such as sympathomimetics or inhibitors of cyclic
nucleotide phosphodiesterase, inhibit epidermal mitosis. Thus a topical application of the B-
adrenoceptor agonist isoprenaline has been reported to be an effective treatment for psoriasis
and causes a concomitant reduction in glycogen content of the lesion to normal levels.10 The
topical application of 0.1% isoprenaline sulphate in white vaseline was found to significantly
decrease the glycogen content and scaliness of psoriatic skin, and cause remission of
psoriasis. Isoprenaline in vitro stimulates adenylate cyclase to give c-AMP25, and
isoprenaline in vivo in psoriatic patients may decrease cell turnover by increasing the c-
AMP/c-GMP ratio.

Inhibitors of cyclic nucleotide phosphodiesterase such as papaverine and Ro 20-1724 [4-(3-
butoxy—4'—methoxybenzyl)-2-imidazolidinone] have also been shown to be beneficial in
psoriasis.26 Papaverine inhibits both cyclic AMP-phosphodiesterase (c-AMP-PDE) and c-
GMP-PDE whereas Ro 20-1724 inhibits c-AMP-PDE only, but both agents improve
psoriasis lesions. Papaverine and Ro 20-1724 significantly increase the accumulation of c-
AMP in incubated slices of involved or uninvolved psoriatic epidermis. Ro 20-1724
increased c-AMP accumulation to a greater extent than papaverine. Selective inhibition of c-
AMP hydrolysis by Ro 20-1724 is responsible for its greater effectiveness in elevating c-
AMP levels in slices of psoriatic epidermis. Both compounds are equally effective in
inhibiting in vitro c-AMP-PDE activity.
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Inflammation is a prominent feature of psoriatic skin lesions, and suppression of the
inflammatory response is likely to be beneficial. B-Adrenoceptor agonists suppress
inflammation by a multiplicity of actions including inhibition of mediator release, inhibition
of leucocyte activity and a direct suppression of increased vascular permeability. For
example, topical application of fenoterol (B-adrenergic agonist) suppresses increased
vascular permeability induced by histamine2? and locally injected terbutaline suppresses
antigen-induced flares in sensitive subjects.28 Further, the wheal and erythema reaction
caused by intracutaneous application of histamine can be inhibited by applying fenoterol.
The inhibitory effect of B-adrenergic stimulants on the histamine-induced reaction of the skin
is due to the influence on the c-AMP system and the mast cells.2

Salbutamol applied topically appears to have a potency similar to hydrocortisone as an anti-
inflammatory agent.29 Inhibition of histamine-release is accomplished partly by increasing
the cellular level of c-AMP. Anti-inflammatory steroids stimulate adenylate cyclase to
convert adenosine triphosphate to c-AMP, and B-adrenergic agonists stimulate adenylate
cyclase at the B-adrenergic receptor. Salbutamol is relatively specific selectively stimulating
B-adrenergic receptors. Salbutamol has significant topical anti-inflammatory activity and is
very effective in the prevention of local inflammation. Both inflammation and proliferation
are suppressed by topical application of salbutamol thus selective B2-adrenoceptor agonists
might be effective in psoriasis. The B-adrenoceptors in the mast cells may be involved in the
action of salbutamol in inflammation. The B-blocking agent propranolol interferes with the
ability of salbutamol to inhibit inflammation.29

1.2 DRUGS USED IN PSORIASIS

The treatment options are many, involving topical, systemic and conditional approaches, and
vary with disease severity.

1.2.1 Topical therapy and ultraviolet light

1.2.1.1 Dithranol

The hydroxy-anthracene derivatives, the active principles of 'Goa powder’, have had an
important place in the treatment of psoriasis since 1868. Dithranol or anthralin (1) is 1,8-
dihydroxy-anthr-9-one which is used in a concentration of 0.1-3.0% as a cream or in
petrolatum. It is also given in combination with salicylic acid and urea.
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Dithranol inhibits glucose-6-phosphate dehydrogenase, an enzyme within the pentose
phosphate shunt of the glycolytic pathway. The levels of this enzyme are elevated in
psoriasis30 and treatment of psoriatic lesions with anthralin results In its return to baseline
values.3! The most important side-effect associated with dithranol is staining and irritation
of the uninvolved skin.32 Dithranol in Lassar's paste is used most successfully for in-patient
treatment but it stains both skin and clothing to such an extent that patient compliance is poor
when used as an out-patient therapy. Proprietary dithranol containing products are more
acceptable. They can be used in 'short contact regimes' being applied to the psoriatic plaques

and left for up to one hour, before washing off. This method reduces dithranol burning and
staining,

1.2.1.2 Coal tar Phototherapy:

In 1925 Goeckerman33 introduced the concept of combinin g ultraviolet radiation with coal
tar. Tar products are derived either from shale (ichthammol), wood or coal. Ichthammol has
less efficacy than wood tar which is not as potent as coal tar. Cade oil, derived from J uniper
trees, is useful for treating thickened scalp psoriasis. Coal tar is a thick, blackish liquid
obtained by the destructive distillation of bituminous coal. It contains benzene, toluene,
naphthalene, anthracene, xylene, phenol, cresols, pyridine and quinoline. It has antipruritic,
antiseptic and keratoplastic activity. Coal tar, in its crude state, can be used but patient
compliance is very poor. Purified coal tar preparations improve compliance and as they are
less of an irritant than dithrano] they may be tolerated on sites where dithranol is unsuitable.
Tar is used as a 1-5% ointment for the treatment of psoriasis. The tar is thought to act by
depressing the rate of mitosis of the epidermal cells and to act synergistically with ultraviolet
light.34 They are often given in combination with corticosteroids, or other dru gs. Adverse
reactions associated with coal tar are primary irritation, folliculitis, and tar acne as well as
allergic reactions. Phototoxic reactions from crude coal tar may be seen in patients who have
not been warned against sun exposure during the summer.

1.2.1.3 Topical corticosteroids:

Some fluorinated corticosteroids with good percutaneous absorption characteristics have
recently been synthesised and evaluated in animal models of inflammation and psoriasis with
encouraging results, some of the compounds having activity comparable with that of
hydrocortisone35 (Table 1.2). Triamcinolone (2), dexamethasone (3), betamethasone (4),
fluocinide (5) and betamethasone-17-valerate (6) are commonly used topical fluorinated
corticosteroids with good percutaneous penetration (Figure 1.3).
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,L Substances Concentration (%)

ltTriamcinolone @ 0.025 - 0.05
Dexamethasone (3) 0.1 fi
Betamethasone-17-valerate (6) 0.1 "
Fluocinolone acetonidL (Fluocinide) (5) _ ~__0.01-02 "

Table 1.2 ; Anti-inflammatory steroids used for topical application in psoriasis.

@ ®

OOC-(CH,);CH;
CHs

(6)

Figure 1.3: Fluorinated corticosteroids used topically in psoriasis

Fried and Sabo in 1953 synthesized fluorinated corticosteroids and these steroids have much
more penetration and mineralocorticoid activity.36 Prodrugs are used to enhance absorption
€g. acetamide, acetate, valerate. These steroids are used in concentrations of 0.01-0.1% in
cream, lotion and ointment (Table 1.2, Figure 1.3).

Hydrocortisones and the fluorinated derivatives are used in psoriasis due to their
vasoconstrictor and anti-inflammatory effects, and reduce epidermal cell turnover; but their
long-term side effects prohibit their prolonged use in extensive psoriasis. They are,
however, useful for treating small areas, the scalp and the flexures. Side-effects associated
with corticosteroids are many and include acne, perioral dermatitis, rosacea, striae, atrophy,
purpura, glaucoma, allergic contact dermatitis, plasma cortisol suppression, Cushing's
syndrome and cataracts.37
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1.2.1.4 The vitamin D analogues:38

The vitamin D analogue, calcipotriol, inhibits cell proliferation and stimulates differentiation
of keratinocytes correcting the abnormal cell turnover that characterises psoriasis. Unlike
naturally occurring vitamin D, it has less effect on calcium metabolism, so the risks of
hypercalcaemia and hypercalciuria are reduced. It is available as a 0.005% ointment asa
smooth, soft white cream. Side-effects associated with calcipotriol are transient Irritation,
dermatitis, pruritus, aggravation of psoriasis, photosensitivity.

1.2.1.5 0-Aminonicotinamide :

In 1975, Zackheim39 introduced 6-aminonicotinamide (7, 6-AN) for the topical treatment of
psoriasis as a cream or solution. Nicotinamide (niacinamide) analogues constitute a new
class of compounds found to clear psoriatic lesions by topical application.

Nicotinamide adenine dinucleotide (NAD) and NAD phosphate (NADPH) play a key role in
many important metabolic processes by acting as hydrogen and electron transfer agents. 6-
AN can substitute for nicotinamide, to give 6-AN-NADP which blocks the glycolytic pentose
phosphate pathway (hexose monophosphate shunt) at two points.4!l This prevents the
formation of ribose needed for the formation of RNA and DNA.40 However, 6-AN is toxic
and teratogenic.42 The principal limiting factors were oral complications, eighth nerve
(auditory) damage and CNS toxicity.

1.2.1.6 Ultraviolet phototherapy:

Ultraviolet radiation(43-44) in psoriasis causes a decrease in DNA synthesis in the
hyperproliferative cells, which influences the return of more normal cell kinetics.
Ultraviolet-B (UVB) may decrease macromolecular synthesis in all psoriatic cells or there
may be selective inhibition or killing of a smaller population of highly proliferative cells.
Wave length (A) of broad band UVB is from 290-320 nm, narrow band UVB 1s 312 + 2nm
and UVA from 320-400 nm.445-46) The major acute side effects of phototherapy are the
manifestation of inflammation, redness, swelling, heat and pain. There is a potential risk of
skin cancer. The narrow band UVB has less burning and carcinogenic potential than broad
band UVB.

38



CHAPTER ONE: Introduction-Psoriasis

1.2.2 SYSTEMIC THERAPY

Systemic therapeutic regimens are usually reserved for severe recalcitrant cases of psoriasis
and include the use of vitamin A analogues, anti-metabolites and steroids.

1.2.2.1 Immuno-suppressant:47

Cyclosporin is highly effective in severe psoriasis refractory to other treatments. It is a
lipophilic orally active cyclic peptide. Its exact mechanism of action is not fully understood,
but one possibility is that it inhibits epidermal hyperproliferation by suppressing T-
lymphocyte activity in the dermis and epidermis of psoriatic skin. Side effects associated
with cyclosporin are renal and hepatic dysfunction, hypertension, tremor, GI disturbances,
lymphoproliferative disorders, burning sensations (feet and hands), fatigue, muscle
weakness or cramp.

1.2.2.2 Methotrexate:

Gubner*8 noted the rapid clearing of the psoriatic skin lesions in a patient with rheumnatoid
arthritis who was treated with aminopterin, which was later replaced by a more stable
derivative methotrexate. Methotrexate (8, MTX, 4-amino-10-methyl pteroyl-glutamic acid),
a structural analogue of folic acid, is a potent inhibitor of the enzyme dihydrofolate reductase
which catalyses the formation of dihydro- and tetrahydro-folic acid from folic acid.

N

H,N___N
Y j}\ COOH
CH; 0
N X I | /
YN cHz—NOé—Nﬂ—CH
NH,

\CHQ— CH,—COOH
(8)

Tetrahydrofolic acid is the precursor of N5.N Omethylene tetrahydrofolic acid, an essential
cofactor in the conversion of deoxyuridylic to thymidylic acid, which is required for the
synthesis of DNA. There may also be direct inhibition of thymidylate synthetase by MTX.
In humans, MTX appears to inhibit DNA synthesis and results in cell death if MTX is
present during the S-phase of the cell cycle. Methotrexate is given as an intravenous or
intramuscular injection. It is used for psoriatic erythroderma, psoriatic arthritis, acute
pustular psoriasis (von Zumbusch type) and localized pustular psoriasis. The main side effect
of MTX is hepatotoxicity.49
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1.2.2.3 Hydroxyurea:
In 1970, Leavell and YarbroS0 introduced hydroxyurea (9) in the treatment of psoriasis.

0]
Il

HN—-C—NH-OH
©)

Hydroxyurea inhibits DNA synthesis,5! without significantly inhibiting RNA or protein
synthesis. It is used for psoriasis vulgaris, generalized pustular psoriasis, chronic
palmoplantar pustular psoriasis and erythrodermic psoriasis. Its principal toxic effects are on
the bone marrow. Levels of haemoglobin, white cells, and platelets may all be depressed.
The bone marrow rapidly becomes megaloblastic,52 reflected in marked macrocytosis in the
peripheral blood.

1.2.2.4 Razoxane:
Razoxane [10, (+/-) 1,2—bis(3',5'-dioxopiperazin-1'-yl) propane] is a derivative of the
chelating agent ethylenediamine tetra acetic acid (EDTA).

0] O
CH;

!
HN N—CH,—CH—N NH

0] (0]
(10)

Razoxane was given orally in 125 mg tablets three times daily for two consecutive days each
week. Razoxane has a potent bone-marrow-suppressive effect resulting in the depletion of
the circulating neutrophil polymorphs. These cells play an important role in the pathogenesis
of psoriasis, and it could be argued that a reduction in their levels may contribute to the
antipsoriatic effect of the dru g.

All types of cutaneous psoriasis are responsive to treatment with razoxane, including
palmoplantar, and generalized pustular psoriasis.93 Adverse side effects of razoxane include
bone marrow suppression, neutropenia and anemia. It is no longer used as a therapy.

1.2.2.5 6-Thioguanine:

In 1964, Demis>* and co-workers, treated severa] immunologic and dermatologic discases
with 6-thioguanine (11, 6-TG, 2-amino-6-thiopurine). The beneficial effect of the purine
analogues 6-TG and 6-mercaptopurine (6-MP) on psoriasis is likely to be due to inhibition of
DNA synthesis. This is believed to be secondary to inhibition of purine ring biosynthesis
and nucleotide interconversion.55 6-Thioguanine is commercially available as 40 mg scored
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tablets (Burroughs-Wellcome). The usual dosage for psoriasis is 40-80 mg per day for an
average-sized adult. The principal toxicity from 6-TG is haematopoeitic.

1.2.2.6 The vitamin A derivatives (retinoids):

Studies of vitamin A deficiencies induced in animals have shown epithelial chan ges such as
hyperkeratosis of the skin and squamous metaplasia of mucous membranes.56 These
observations led to the conclusion that vitamin A is an ‘anti-keratinising factor'.57 Vitamin A
(12, retinoic acid) was used for the first time in dermatology by Stuettgen>8 who showed
that its topical application was beneficial in the treatment of hyperkeratoses. The combination
of oral and topical administration of retinoic acid was promising for the treatment of
psoriasis.59

Etretinate (13), an ester analogue of retinoic acid, is used in the treatment of generalized
pustular psoriasis, localized guttate psoriasis, recalcitrant pustular psoriasis, palmoplantar
psoriasis, erythrodermic and arthropathic psoriasis. It is given orally at a dose of 1 mg/kg
body weight per day. Other analogues used are Ro 10-1670 (14, the free acid analogue of
13), and Ro 12-7554 (15).

AL ~COOH

12)

CH,0 (13)
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CH;0 ”

CH,0 cl
(15)

Retinoids show a strong keratolytic activity and lead to restoration of a normal epidermis
including reappearence of the granular layer, disappearence of parakeratosis, and reduction
of psoriasiform acanthosis.60 A decrease of the labeling index for [3H]-thymidine
incorporation and a prolonged time of DNA synthesis in human epidermis is also
observed.®l However, retinoids also cause an increase in the serum lipids which is
associated with the subsequent development of coronary artery disease.
Hypertriglyceridemia in excess of 1000 mg/dl may result in acute pancreatitis.

The vitamin A derivative, acitretin, is used by dermatologists in hospital practice for severe,
extensive, refractory psoriasis. It is available as 10 mg and 25 mg capsules. Side effects
associated with acitretin are dryness, erosion of mucosa, erythema, pruritus, alopecia,
hepatotoxicity, change in serum lipids, nausea, headache, drowsiness, sweating and
calcification (long term therapy).

The majority of these treatments are only moderately effective or are associated with
undesirable levels of toxicity, and no ideal regimen exists. Attempts to circumvent systemic
toxicity by the topical administration of antiproliferative agents have met with limited
success. Problems due to percutaneous absorption, particularly following long-term
treatment, limit the dose of the drug that may be safely applied to the skin. These
deficiencies with the currently available topical medication warrant the development of more
effective topical antipsoriatic drugs.
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1.3 B-ADRENOCEPTOR AGONISTS

1.3.1 Adrenoreceptors

Adrenoreceptors are classified into a- and - types depending upon their action on different
parts of the tissue.62 The classification of - and B- types is well-accepted and highly
selective agonists and antagonists of a- and B-receptors have been developed. In general,
adrenergic contraction of smooth muscle is mediated by the a-receptors, and stimulation of
heart muscle and relaxation of smooth muscle by the B-receptors (Table 1.3).

“ o-Receptor B-Receptor ]
Agonists Antagonists Agonists Antagonists
Fenoxazoline Chlorpromazine Cyclobutyl- Butoxamine
Methoxamine Ergotamine Noradrenaline Dichloro isoprena-
Naphazoline Indoramine Dobutamine naline
Oxymetazoline Phenoxybenzylamine | Ethyl noradrenaline | Labetalol
Tetrahydrozoline Phentolamine Hexaprenaline Metoprolol
Tramazoline Piperoxane Isoetharine Pindolol
Tymazoline Thymoxamine Isoprenaline Practolol
Xylometazoline Yohimbine N-t-Butyl- Propranolol
noradrenaline Sotolol
Trimetoquinol

Table 1.3: a- and B-Receptor agonists and antagonists

Trimetoquinol is a cyclic catecholamine which lacks the N-alkyl amino ethanol side chain.
Trimetoquinol produces its effects by stimulating -receptor. Although it lacks B-hydroxyl
group, it is about equipotent with isoprenaline.

1.3.2 Sub-classification of B-receptors

Lands and co-workers62 classified B-receptors into two distinctively different groups
according to the responses of different organs to catecholamines. Lands concluded that there
were two types of B-receptors which he defined as B (acting on the heart and smooth
intestine muscle) and B2 (in lungs and blood vessels, vascular smooth muscle, bronchi,
uterus and arteries in the skeletal muscle). Bi-Receptors activate lipolysis and Bp-receptors
may be concerned with glycogenolysis (Table 1.4). There are many papers from both
pharmacological and biochemical research groups suggesting that tissues contain a majority
of one subtype of B-receptor. For example, atrial tissue contains an excess (4:1) of B1-
receptors3 while bronchial tissue contains an excess (3:1) of Bp-receptors, suggesting that
absolute tissue selectivity of drug action by B1- or B2-specific ligands is not possible. These

results were confirmed by Heitz and coworkers®4 in human left atrium and ventricle (ratio
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approximately 2:1), however Purdy and co-worker®3 have shown that bovine coronary

artery contains a homogeneous population of Bi-receptors.

B-Receptor antagonists

Non-specific Antagonists for
B1-Receptor Bo-Receptor antagonists B1, Bo and o
Acebutalol Butoxamine Penbutolol Labetalol
Atenolol o-Methyldichloro- Pindolol
Metoprolol isoprenaline Propranolol
Practolol ~ Sotolol

Table 1.4: B and B2-Receptor antagonists

1.3.3 Ligand-binding sites of B-adrenoceptor

A wide variety of hormone and neurotransmitter receptors mediate their actions through
interaction with guanine nucleotide-binding regulatory proteins (G proteins). Receptors of
this class respond to a structurally diverse range of agonists, including small molecules such
as biogenic amines, peptides and larger proteins such as thyrotropin.

Hydropathicity analysis of the primary structures of these proteins suggestso0 that they
contains seven transmembrane o-helices (Figure 1.4). B-Adrenoceptor ligands are
protonated amines, suggesting that the binding pocket of the receptor should contain an
acidic counterion for the amine moiety. Substitution of Asp and Glu residues located within
the hydrophobic area of the B-adrenoceptor with the neutral amino acids, did not effect the
binding properties of the receptor, but replacement of Asp!13 in the third hydrophobic region
with an Asn or a Glu residue resulted in a dramatic decrease in the affinity of the receptor
both for agonists and antagonists.%7 This Asp113 residue is preserved in all other G protein-
coupled receptors that bind with the biogenic amine.

A combination of genetic and biochemical analysis suggested that the catechol hydroxyl
groups of agonists interact with side chains of the Ser residues at position 204 and 207 in the
fifth transmembrane helix of the receptor.68 Substitution of each of these Ser residues with
an Ala, which removes the hydroxyl group from the amino acid side chain, decreases the
affinity of the receptor for B-adrenoceptor agonist, without affecting antagonist affinity.
Similar effects were observed when the catechol hydroxyl groups of the agonist isoprenaline
were substituted with hydrogen atoms, suggesting that Ser?0# and Ser?V7 interact with the
catechol hydroxyl groups of agonist ligands. There is specific hydrogen bonding between
the meta-hydroxyl group of the agonist and the side chain of Ser204 in the B-adrenoceptor,
and a second specific interaction between the para-hydroxyl group of the ligand and Ser2Y7 in
the receptor.
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Similar mutagenesis studies have provided evidence for an interaction of the agonist (perhaps
involving the phenyl ring) with the side chain of Phe290 in the sixth transmembrane helix of

the B-adrenoceptor and for other ligand interactions involving residues in helix 2, 4 and
7.69-71

Thus a model has emerged for the ligand-binding site of the B-adrenoceptor in which the
ligand is bound within the hydrophobic core of the protein, by interaction with the
transmembrane helices by specific molecular interactions between amino acid residues in the
receptor and functional groups on the ligand. On the basis of the seven transmembrane
helical bundle model for the B-adrenoceptor, the residues shown by genetic experiments to
be important for ligand binding (Asp!13, Ser207, Ser204 and Phe290) are located on the
membrane-spanning helices buried approximately 30-40% (>11 A) of the way into the
bilayer.”2
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Figure 1.4: Primary structure and topological model for the B-adrenoceptor.

The receptor sequence is arranged according to the seven transmembrane helical model, with the
extracellular face of the membrane at the top and the cytoplasmic region at the bottom. Thr
single letter amino acid code is used, with residues numbered beginning at the N-terminus.
Amino acid residues shown in squares could be deleted without affecting ligand binding or
protein folding. The solid boxes are attached to the two Asn residues near the N-terminus that
serve as glycosylation sites. The postulated disulfide bond between Cys106 and Cys184 ig
shown. Asp!13, Ser204, $er207 and Phe290 residues involved in ligand binding to the
receptor, are encircled in bold.
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Figure 1.5 represents a hypothetical working model for receptor-ligand interactions. The

ligand is postulated to intercalate into the hydrophobic core of the receptor, having specific
points of contact with amino acid residues on several of the hydrophobic helices. The amine
substituents of the agonist and antagonist interact with the carboxylate side chain of Aspl13
in helix OI. The agonist catechol hydroxyl groups appear to be anchored by hydrogen bonds
to the hydroxyl side chains of Ser204 and Ser207 in helix V, whereas antagonists do not
interact with these Ser residues. The aromatic group interacts with Phe289 and Phe290 jn
helix VI.

Phe®? _  ppe2o0
VI ¢

Figure 1.5: Model of the ligand-binding site of the p-adrenergic receptor.
Isoprenaline is shown interacting with several of the transmembrane helices. The side chains
of Asp!13 in helix III and of Ser204 and Ser207 in helix V are shown in their postulated
interaction with the functional moieties of the B-adrenoceptor agonist.

The binding of a ligand to its specific receptor triggers a signal transduction cascade vig
activation of a G protein, which acts as an intermediate to stimulate or inhibit one of many
specific effector systems. Effector enzymes and ion channels that are coupled to G protein-
mediated pathways include adenylyl and guanylyl cyclases, phospholipases A and C, Ca2+
and K+ channels, and phosphodiesterases (Figure 1.6).

1.3.4 Mechanism of action of B-adrenoceptor agonists

B-Adrenoceptor agonists bind with the B-receptor and activate the enzyme adenylate cyclase
which catalyses the formation of c-AMP from ATP.(73-75) ¢-AMP regulates the
phosphorylation of a membrane protein which in turn may control membrane ionic
conductance. An increased membrane permeability to Ca2+ may cause inhibition of
adenylate cyclase and activation of guanylate cyclase, which catalyses the formation of 3',5'-
¢-GMP. The level of c-AMP is controlled by its formation utilising adenylate cyclase and its
metabolism to 5'-AMP catalysed by cyclic nucleotide phosphodiesterase (PDE) (Figure 1.6).
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B-Adrenoceptor agonists or
catecholamine\

Ca2+

Phosphodlesterase =~ Ca2+ GTP

3.5"-c-GMP- !
guanylate
cyclase

Figure 1.6: Adenylate cyclase activation by B-adrenoceptor agonists

1.3.5 Chemical basis for B-adrenoceptor stimulation

Larsen’6 proposed a model for the interaction of a B-agonist at the B-receptor based on the
formation of a quinone methide intermediate involving a nucleophile on the receptor (Figure
1.7). The quinone methide (18) is generated from the B-adrenoceptor agonist (16) by
activation of the benzylic hydroxyl group by an electrophile (E¥), followed by elimination of
the activated hydroxyl group from (17). The quinone methide then reacts with the receptor
to yield (19), this presumbly being the activation step. This mechanism is able to explain
why the p-hydroxyl group in catechol is more important than the m-hydroxyl group (see
section 1.3.6.1, effect of modification of the catechol group). This hypothesis is no longer
accepted due to the following reasons:

1) Compound (18) loses chirality before coupling to receptor implying chirality does not
play any role in contrast to what is actually observed.
2) Compound (19) forms a covelant bond with the receptor. B-Adrenergic activity of most

compounds is reversible, therefore covelent coupling between agonist and receptor is
unlikely.

+ + +
—O‘Q—C‘IH—CHZ—-NHZ——R E ‘&@jCH_CHZ_NHZ_

D @ +
} i-d

s B 19) -0 B-H (18)

Figure 1.7: A proposed chemical basis for B-adrenoceptor stimulation
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1.3.6 Structure-activity relationship of B-adrenoceptor agonists

Since the pharmacological properties of B-adrenoceptor agonists (20) are well known and

their structure-activity-relationship has been reviewed,”” only a brief account is given here in
order to clarify the subsequent work. The requirements for B-adrenoceptor agonists are
summarised as:

HO, H
HO 4 @Hz—R

HO
20)

a) an aromatic six-membered ring system.
b) an ethylamino side-chain.
¢) a hydroxyl group on the B-carbon and an R-configuration at the B-carbon atom.

d) a cationic nitrogen atom with primary or secondary substitution.

1.3.6.1 Effect of modification of the catechol group

A catechol group is very important for B-agonistic activity. In the catechol substituent, the p-
hydroxyl group is more important than the m-hydroxyl group. The latter may be replaced by
other groups such as HOCH»-(salbutamol, 21), CH3SO2NH-(soterenol, 22), H)NCONH-
(carbuterol, 23) and CH3SO2CH2CHj-(sulfonterol, 24), but the p-hydroxyl group cannot
be replaced.

HOH,C
OH CH;
HO CH—CH,—NH—C— CH,
N\
CH;
(21)
H,C-0,S-HN
OH CH
HO CH—CH,—NH—CH
N\

CH,
(22)
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H,NOCHN
o CHs
HO CH—CH,—NH— C<"CH3
CH;
23)
H3C-0,S-H,C-H,C
?H /C Hj
HO CH—CEH-NH—C— |
\CH 3
(24)

Table 1.5 shows that deletion of either phenolic group from isopropyl norepinephrine (No. 1
in Table 1.5) or its analogues leads to compounds with negligible activity at the -receptor.

3
(I)H
4—<\ >——CH——-CH2—NH-—R
Substituents group Relative Activity
No. 4 3 R Vasodepressor | Bronchodilator
1. HO HO C3H7! 100 100
2. H HO C3H7t 1.3 1.2
3. HO H C3H7i 0.1 Very weak
4. HO HO CoHs 50 —
5. H HO CoHs Inactive _
6. HO H CoHs Inactive —
" 7. HO HO C3Hy 20 —
8. H HO CsHy Inactive _—
9. HO H C3Hy Inactive _

Table 1.5: Influence of catechol function on B-agonist activity

1.3.6.2 Effect of the B-hydroxyl group

A hydroxyl group on the f-carbon with R-configuration is important for B-agonistic activity.
Removal of the 3-hydroxyl group reduces activity considerably.”8.79 The S-enantiomers are
relatively inert. The B-hydroxyl group is very important for generating optimum agonist
activity at both the a.- and B-receptors.
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1.3.6.3 Effect of a-substitution on the side-chain

Introduction of a-alkyl groups into the ethylamine side-chain reduces activity. The o-propyl
and isopropyl analogues are at least 1000 times less active, and the o-methyl and ethyl

analogues about 10 times less active than isoprenaline as bronchodilators in anaesthetised
guinea-pig.80 a-Methy! substitution reduces the a- and p- receptor activity considerably, as
shown in Table 1.6

H;3C-0,S-HN
O
HO CH—CH—NH—R!
Relative Stimulant Activity
a-Receptor B-Receptor
R R! Rat Seminal | Rat Uterus | Guinea Pig
Vesicle Trachea
H H 7.8 0.003 0.005
Me* H 1.9 0.002 0.001
H Me 12 0.001 0.03 "
Me* Me 1.0 0.005 0.02 "
FH CH(Me)CH2CgH3(0pCH))-3,4 — 4.0 4.0
Me* CH(Me)CHyCgH3(0oCH»)-3 4 — 0.04 0.04
l:lorepinephﬁne 1.0 — ——
Isopropyl norepine‘_ghxine — 1.0 1.0

* = Erythro racemates
Table 1.6: Effect of o-methyl substitution on o.- and B-receptor activities of 5'-(2-amino-1-hydroxyethyl)-
2-hydroxy alkanesulfonamides

1.3.6.4 Effect of N-substitution

Lengthening the isopropyl chain in isoprenaline gives less potent compounds, but additional
branching as in the zert-butyl homologue, increases activity. Table 1.7 shows a decrease in
a-activity and an increase in B-activity with increasing size of the N-substituent.

The N-isopropyl or N-t-butyl substituents confer optimum activity and in a variety of N-
substitution patterns the presence of the -C(CH3)5- function adjacent to the nitrogen is very
important for high activity (Table 1.7). Addition of further hydrocarbon bulk alone does not
increase activity but introduction of a hydroxyl group in the N-phenyl alkyl series, increases
the B-receptor activity considerably (Table 1.8). It has been suggested that the phenyl group
in those compounds contributes to specific binding with the receptor and that the phenolic
group reinforces this effect by hydrogen bonding or by interaction with a basic centre in the
receptor.
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HO
IOH
HO‘<\ >—CH—CH2—NH—-R
o-Receptor B-Receptor
R (Rat Vas Deferens (Calf Trachea)
ia. pD2 pA2 i.a. pD2
H 1 5.4 1 5.8 "
CHj3 1 5.9 1 6.7
CoHjs 0.9 5.2 1 7.2
C3Hy 0.3 3.3 — _—
C3H7i 0.6 3.0 1 7.5
C4Hot 0 3.0 1 7.6
CHMeCH,Ph 0 4.4
CMerCH7Ph 0 5.9

Table 1.7: Effect of N-substitution on a- and - activity of DL-norepinephrine

The potency of the compounds is expressed as pD; obtained from log dose-response curves
following intravenous injections into pithed rats.

pD2=-log [ICsg]

The concentration of agonist giving rise to half the maximal response is equal to IC5p. The
antagonists can be characterized by a pA value which is the negative logarithm of the molar
concentration of antagonist. The potency of an antagonist can be determined from the
agonist response in the absence ([D]o= IC50) and presence ([Dja= ICs0) of antagonist.
When the concentration of antagonist (2[A]) is such that [D]a= 2[D],

PA2= -log (2[D]o)

The intrinsic activity (i.a.) of the compound is obtained from the maximal response it
produces as a fraction of the maximal response to a full agonist (with i.a.=1). For active
agonists producing the maximal potential response, the value of i.a. is 1; for dualists,

1 >i.a. > 0; for antagonists without agonist activity, i.a.=0.
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HO
\—>—: (I)H
HO CH—CH,—NH—R
Relative Bronchodilator
No. R Activity
1. | cHs 40 “
2. |CoHs 25
I 3. |cacm)y 100 |
‘P. C(CH3)3 170
5. | CHy(CH2)3CH3 25
“ 6. Cyclopentyl 70
7. CH,CH,CgHj5 10
8. | CHyCHCgH4-OH(p) 50
9. | CH(CH3)CHCeHs 100
10. | CH(CHz3)CH,CsH4-OH(p) 800
11. | CH(CH3)CHj
Z—Q 750
N
H

Table 1.8: Effect of N-substitution on B-receptor stimulant activity of norepinephrine

The presence of a cationic nitrogen atom appears very important for activity since carbon
isosteres of catecholamines have drastically reduced activity.8! Furthermore, optimum
activity is associated with primary and secondary amines, and conversion to tertiary or

quaternary centres makes the compound inactive.
1.3.6.5 Effect of polar side-chain:

Bloom and Goldman82 proposed the dynamic receptor hypothesis which states that the
formation of c-AMP (25) involves nucleophilic attack by the ribose 3-hydroxy group on the
innermost phosphate atom of ATP with expulsion of a pyrophosphate residue (Figure 1.8).
B-Stimulants are supposed to catalyse this reaction because their cationic head neutralises the
negative charge on the a-phosphate anion, thus increasing the electrophilic character of the
phosphorus atom. As a result, the rate of nucleophilic displacement by the ribose 3-hydroxy
group is enhanced. Thus the absolute requirement for B-agonism is a cation correctly aligned
with the appropriate phosphate group in ATP and the role of other functional groups in B-

stimulants is to increase the likelihood of this event.
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The potency-enhancing effect of the catechol function is attributed to chelation with Mg2+
bound to the - and - phosphate groups in ATP, and that of non-polar N-subsitituents
binding with the adenine moiety.

B-Receptor agonists may interact with the B-receptor through a quinone methide intermediate

(Figure 1.7). Based on the receptor binding mechanism, the presence of anionic sites in the
side-chain inhibits the binding of B-adrenoceptor agonists with the receptor and thus reduces

their activity.
H,
N S
N
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o/
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Figure 1.8: Catalysis of cyclic-AMP formation by catecholamines
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1.3.6.6 Conformational requirement for B-adrenoceptor agonists:

The general structural requirements for agonist activity at o- or B- receptors are similar, but
there are differences, notably in the effects of N-alkyl substitution and, to a lesser extent, o
methyl substitution. X-Ray crystallography of norepinephrine, epinephrine and dopamine
indicates that compounds exist in the antiperiplanar conformation where the phenyl and
ammonium groups are trans (26). However, there is no necessary relationship between the
conformation of a molecule in solution or in a crystalline state and that adopted when bound
to the receptor.83-i

A further approach to the analysis of conformational requirements for drug activity has been
in the design of rigid tetraline derivatives of noradrenaline (27), adrenaline (28) and
isoprenaline (29).83-ii All of these compounds showed strong direct B-stimulating activity

on tracheal muscle. Activity of the trans isomer about the C (1) - C (2) bond was ten times
more potent in bronchorelaxing and chronotropic action than the cis isomer.

Ar OH
HO.
7 ~on NH,
N (26) OH 27
OH OH
HO HO
_CH,
NH—CHj,4 NH—CH
OH OH “CHs;
(28) (29)
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1.4 AIMS AND OBJECTIVES OF THE PRESENT STUDY

1.4.1 New therapeutic approaches vie stimulation of adenylate cyclase

As B-adrenoceptor agonists are known to possess anti-inflammatory and anti-proliferative
properties, a therapeutic benefit in inflammatory dermatitis of an acute or chronic nature, and
in inflammatory proliferative disease such as psoriasis, could be anticipated. The most
popular therapies for the treatment of psoriasis, including retinoids, PUVA and
corticosteroids, augment the B-adrenoceptor agonist-mediated increase in c-AMP in pig skin
in vitro. Low doses of B-adrenoceptor agonists might therefore prove to be a useful adjunct

with other drugs in the treatment of inflammatory and proliferative skin disease.

Based on the earlier discussion, antipsoriatic drugs may possibly be developed due to their
influence on the cyclic nucleotides in three ways:

 stimulation of adenylate cyclase,
 administration of c-AMP or dibutyl c-AMP,
* inhibition of c-AMP-degradation by phosphodiesterases.

The simultaneous use of more than one of the above mentioned pathways may provide a
greater possibility of success.

It may be possible, therefore, to develop a new therapeutic approach in psoriasis via the
stimulation of adenylate cyclase by B-adrenoceptor agonists.

1.4.2 The design of B-adrenoceptor agonists for psoriasis

For a B-adrenoceptor agonist to be useful clinically in the treatment of inflammatory and
proliferative skin disease, it is a pre-requisite that activity be restricted to the percutaneous
layers, and that no untoward cardiovascular effects occur as a consequence of systemic
absorption. As the drug enters into the blood stream, it needs to be hydrolysed or
metabolised into an inactive moiety. [-Adrenoceptor activity can be terminated in two ways:

* Loss of the basic centre at nitrogen (eg. -NH- to -N-CO-)
 Dramatic polarity change in the N-substitution
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14.2.1 Deactivation of B-adrenoceptor activity by loss of the basic centre at nitrogen

A further deactivation process includes the synthesis of molecules designed to undergo
inactivation in a controlled manner. O-Acyl prodrugs of B-adrenoceptor antagonists have
been reported.84 These compounds undergo a facile O-to-N acyl rearrangement in aqueous
systems to provide stable and inactive amide derivatives. Based on this, suitable derivatives
of B-adrenoceptor agonists may afford a means to accomplish the required inactive metabolite
transformation. The known structure-activity-relationship indicates that sufficient structural
tolerance is available for this approach.

For example, the indole analogue of isoprenaline (33) (Table 1.9) is a potent (3-adrenoceptor
agonist, comparable to the parent compound (32) in terms of bronchodilator activity (Table
1.8). A large structural variation of the N-alkyl group is allowed without compromising
activity so that the corresponding coumaran-2-one derivative (34) and aliphatic lactone
analogue (30) should also exhibit activity. Subsequent nucleophilic attack by the amine at the
carbonyl group of each molecule may lead to a ring-opening reaction with the concomitant
formation of a pyrrolidinone (31) (Scheme 1.1).

Conversion of the secondary amine (30) to a non-basic cyclic tertiary amide (31) in this
manner will prevent association with the B-receptor and abolish 3-adrenoceptor agonist
activity as required. Acyl reactivity may be controlled by both electronic and steric properties
of the lactone ring, thus the coumaran-2-one derivative (34) should be more reactive than the
aliphatic lactone (30) due to the enhanced reactivity of the leaving group, whereas steric
effects, to reduce deactivation rates, may be invoked by the introduction of suitable alkyl
substituents. Initially, model compounds of general structure (35, 36, 37) could be
synthesised in order to assess the nature of the cyclisation reaction and the effect of varying
substituents on the rate of the reaction. We did not explore this area.

OH

HO HO N

HO
(39) (31)

Scheme 1.1: Mechanism of deactivation of B-adrenoceptor agonist activity by loss of the basic centre at
nitrogen.
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Table 1.9: Isoprenaline analogues with B-adrenoceptor agonist activity

HO HN:/\'
HO
x%

HO
o) HO

(33)

(37
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1.4.2.2 Deactivation of B-adrenoceptor activity by dramatic polarity change in the N-
substitution
Although some structural flexibility is permitted, the presence of a primary or secondary
amine is crucial and molecules encompassing tertiary or quaternary centres are inactive as f3-
adrenoceptor agonists. For hydrogen bonding, protonation of the nitrogen centre is a
prerequisite for association with the B-receptor (Figure 1.5). Thus, any chemical or
biological transformation resulting in the conversion of a primary or secondary amine to the
corresponding tertiary or quaternary congener or dramatic change in the polarity of N-
substitution (protonated nitrogen binds with the anionic site of Aspl13, see section 1.3.3
ligand-binding sites of B-adrenoreceptor), should result in the abolition of the activity of a B-
adrenoceptor agonist. B-Adrenoceptor agonists have five different sites85 for attachments as
shown in Figure 1.9.

van der Waal bonding
van der Waal bonding

ionic bonding

H H

chelate formation
with metal

°§p

hydrogen bonding

Figure 1.9: Schematic diagram of the attachment of isoprenaline to the B-adrenoreceptor

As discussed earlier (section 1.3.6.5, the effect of the polar side-chain on the activity of -
receptor agonists), the formation of anionic sites in the B-receptor agonists may hinder the
interaction of the cationic nitrogen with the anionic side chain of Asp!13 in helix III of the
receptor and reduce the B-adrenoreceptor activity (see 1.3.3 ligand-binding sites of the B-
adrenoreceptor) (Figure 1.5) (see Chapter eight, Section 8.3).

In this project, the search for a topically active B-adrenergic agonist for use in skin disease
was undertaken. To limit systemic effects, the soft drug approach was considered
appropriate. Soft drugs are defined as biologically active, therapeutically useful chemical
compounds (drugs) characterised by a predictable and controllable in vivo destruction
(metabolism) to non-toxic moieties, after they achieve their therapeutic role.86 The required
agent should not produce any untoward cardiovascular side-effects when applied topically.
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Esterification is the most common modification in the design of soft-drugs. The
predominance of carboxylic acid and hydroxy! groups in drug molecules, together with the
abundance of cutaneous and other hydrolytic enzymes makes esterification an excellent soft-
drug type for dermal delivery. The synthesis of ester soft-drugs has two advantages:

* They are readily hydrolysed by esterases which are present in the blood

 Hydrolysis by esterases in blood the soft-drug inactive in the blood stream, thereby
minimising the cardiovascular side-effects which are the main cause of the problems
associated with the use of B-adrenoceptor agonists in psoriasis.

1.4.3 Soft and prodrugs

The 'soft-drug' approach to drug design, involves the predictable in vivo detoxification of an
active drug after therapeutic activity, in order to minimize systemic toxicity. In contrast the
‘prodrug’ concept involves the controlled in vivo bioactivation of a previously inactive
species, prior to eliciting a pharmacological response.87

Prodrugs are divided into two classes:

1. Carrier linked prodrugs
2. Bioprecursors

Carrier linked prodrugs

The drug molecule, whose usefulness is limited by its poor bioavailability (due to the
presence of hydrophilic groups), is chemically modified by the attachment of a carrier group
or promoiety to form a prodrug, from which the parent drug is generated in vivo. Prodrug
design can thus be considered as conferring a transient chemical cover to alter or eliminate
undesirable properties of the parent drug molecule (Figure 1.10)

A well designed prodrug should satisfy the following four criteria:87

1. It should be biologically inactive.

2. Both the prodrug and its promoiety released in vivo must be non-toxic.

3. The chemical linkage between the parent drug molecule and the carrier moiety must be
bioreversible.

4. The prodrug should be sufficiently stable to allow its formulation into an
appropriate dosage form.
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Barrier to
drug passage

J Chemical modification

PRODRUG
A

4 A

G-y

J Biotransformation

ey

Figure 1.10: Schematic illustration of the prodrug concept.

An illustrative example of prodrug design taking these criteria into account is found in orally
active ampicillin prodrugs. Ampicillin (38) is highly polar and is present in a zwitterionic
form at the pH of the gastrointestinal tract; it therefore possesses low lipophilicity. It is
absorbed to the extent of 30-40% following oral administration, and the unabsorbed drug
destroys the intestinal flora resulting in the possibility of adverse side effects. A number of
prodrugs with increased lipophilicity have been prepared by esterification of the free
carboxylic group of ampicillin, notable among these are pivampicillin (39), bacampicillin
(40) and talampicillin (41)(88-90). These prodrugs are almost completely absorbed and
cleaved by non-specific esterases in the body, releasing the free ampicillin.

The by-products of cleavage are formaldehyde and pivaloic acid for pivampicillin (39), and
acetaldehyde, ethanol and carbon dioxide in the case of bacampicillin (40). The latter three
compounds are natural human metabolites.

COOR

(38) R=H (40) R=—CH(CH - O— C— OC,Hjs

0]

|
=— CH~0O— C—C(CH
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The prodrug approach has been successfully applied to a wide variety of drugs and various
goals achieved through the use of this concept include:

1. Enhanced bioavailability and biomembrane passage, eg. dipivefrin9!
2. Enhanced site-specific drug delivery, eg. doxifluridine92

3. Prolongation of drug action, eg. fluphenazine decanoate ester93

4. Decreased side effects and toxicity, eg. fenbufen9495

5. Improvement of drug formulation, eg. vidarabine%0

Active metabolite 4
Acetanilide Paracetamol |
Imipramine Desmethy! imipramine
Chloral hydrate Trichloroethanol
L-DOPA Dopamine

Table 1.10: Drugs which require bioactivation to form active compounds.

Bioprecursors

Bioprecursors (or metabolic precursors) do not have a temporary linkage between the active
molecule and the carrier group, but they result from a molecular modification of the active
molecule itself. This modification generates a new compound, able to be a substrate for a
metabolising enzyme, the metabolite being the active molecule.

For example, nabumetone97 (42) has been shown to have a wide spectrum of anti-
inflammatory activity in animals and humans and is free from gastric irritant properties.
Metabolic studies revealed that this drug is converted into the active metabolite, 6-methoxy-2-
naphthylacetic acid98 (43).

0]
oo - oY
@ T
H,CO H,CO
(42) (43)
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Metabolic reactions are divided into two groups:

1. Phase I reactions which involves the transformation of specific group in a substrate
molecule and creation of a new functional group.

2. Phase II reactions which involves conjugation of the functional groups thus creating
solubilising moieties.99

The bioprecursors belong exclusively to the phase I products and results from oxidation and
reduction reactions. These reactions follows some general rules, and therefore, they can
often be forecasted. Taking into account the common metabolic pathways, one can imagine
the design of a given molecule so that it will be converted in vivo into the desired compound
by one or more of the phase I reactions.

Design of B-adrenoceptor agonists based on soft-drug approach

To design B-adrenoceptor agonists and to limit their systemic effects, we have adopted the
soft-drug approach. The N-substituent can accommodate a broad range of structures, so,
here, we have used the alkoxycarbonylethyl group. The increased polarity of the dihydroxy
acid (74, R=H), expected after metabolic conversion of the soft-drug (74, R=Et), should
eliminate agonist activity (Section 1.4.2.2). Further, to prevent oxidation and enhance
topical delivery we have sought to esterify the catechol hydroxyl groups to produce a pro-
soft-drug (107) which generates the soft-drug (74, R=Et) in enzymic systems.

Utilising the soft-drug concept, soft-drugs (74, R= Me, Et) have been synthesized for their
use in psoriasis. However, soft-drug (74, R=Et) is hydrophilic and has poor penetration
across the membrane, therefore its lipophilic pro-soft drug (107) has been synthesized.

H_ OH
HOD/ c__NH- CH,~ CHp - COOR
HO

(74)
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1.4.4 Prodrugs in which the catechol hydroxyl groups are protected

L-3-(3'-Hydroxy-4'-pivaloyloxyphenyl)alanine: a monopivaloyloxy ester prodrug of L-
dopa®?

L-Dopa (44, R= H) has a short half-life in vivo resulting in wide interdose variation in drug
levels. The fluctuation of plasma L-dopa levels may be responsible in part for some
problems, namely dyskinesia and wearing-off phenomenon, that occur during chronic L-
dopa therapy for Parkinson's disease. Many L-dopa prodrugs have been prepared in an
effort to solve these problems but non of them has led to an agent clinically more useful than
L-dopa itself. Prodrug, L-3-(3'-hydroxy-4'-pivaloyloxyphenyl)alanine [44, R= (CH3)3C-
CO-], produced a sustained L-dopa plasma level and good L-dopa bioavailability after oral
dosing in rats and dogs.

HO
0 RO
Il OH
RO CH,—CH—C—OH z
2 RO—@—CH-CH2—NH—CH3
NH,
(44) (4s)

Dipivefrin: a dipivaloyloxy ester prodrug of epinephrine

Epinephrine (45, R=H) has long been used for the treatment of elevated intraocular pressure
in patients with chronic open-angle glaucomal®0 although its corneal absorption is poor
because of its high polarity and rapid metabolic degradation. The development of prodrug,
dipivefrin [45, R= (CH3)3C-CO-], has led to improved ocular delivery of epinephrine. This
dipivaloate ester prodrug is much more lipophilic than epinephrine and the esterification of
the metabolically susceptible phenolic hydroxyl groups affords a delay in metabolism. These
properties, coupled with a sufficiently high susceptibility to undergo enzymatic hydrolysis in
the eye during and after absorption, are responsible for the approximate 20 times greater anti-
glaucoma activity of the prodrug in comparison with the parent drug upon local
administration in humans.(101-104)

In addition, because lower doses of the prodrug can be used, untoward cardiac side-effects
due to epinephrine absorption from the tear duct are decreased. Dipivefrin also has a longer
duration of action than epinephrine, because the metabolism of the epinephrine, which
involves a methylation of the phenolic OH groups, is delayed or prolonged as it cannot occur

until the prodrug has undergone conversion to epinephrine.
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Ibuterol: a diisobutyryl ester prodrug of terbutalined?

Terbutaline (46, R=H) is a selective $2-agonist, used to lower the intraocular pressure in the
eye. The prodrug approach was used to reduce the systemic absorption of terbutaline when
applied ocularly. Ibuterol [46, R= (CH3),CH-CO-], the diisobutyryl ester of terbutaline,
was found to be almost 100 times more potent than the parent drug in lowering the
intraocular pressure in rabbits. This, coupled with a longer duration of action, suggests that
both the topical dose and the dosing frequency of ibuterol can be reduced, thereby reducing
systemic side-effects.

RO
9H CH;
CH—CH,;—NH— C\—' CH;
CH;
RO
(46)

1.4.5 Potential biolabile soft-drugs of PB-adrenoceptor agonists

Nielson and Bundgaard105.106 discovered that esters of N,N-disubstituted glycolamides act
as potentially useful biolabile prodrugs for carboxylic acids. These esters have high
susceptibility to undergo enzymatic hydrolysis in plasma and at the same time, these
derivatives are stable in aqueous solutions. Furthermore, it is feasible to obtain ester
derivatives with almost any desired water solubility or lipophilicity with retainment of
marked lability to enzymatic hydrolysis.

The benzoate esters of various substituted 2-hydroxyacetamides (glycolamides) were found
to be hydrolysed extremely rapidly in human plasma, the half-lives of hydrolysis being less
than 5 seconds in 50% plasma solutions for some N,N-disubstituted glycolamide esters
(Table 5.12, page 200, compound 13, 17 and 18). The rapid rate of hydrolysis could be
largely attributed to cholinesterase (also called pseudocholinesterase) present in the plasma.
From a study of a variety of substituted glycolamide and related esters, the most prominent
structural requirement needed for a rapid rate of hydrolysis was found to be the glycolamide
ester structure combined with the presence of two substituents on the amide nitrogen atom.
These derivatives show structural similarity with benzoylcholine, a good substrate for
cholinesterase.
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On the basis of the above findings, the glycolamide ester derivatives (47) could be potential
biolabile soft-drugs (Scheme 1.2). As soon as these biolabile soft-drugs enter into the blood
stream, they will undergo hydrolysis by the pseudocholinesterases present in the blood to
yield the inactive promoiety (48) so that the untoward cardiovascular side-effects can be

eliminated.

47

Cholinesterase

(@8)
o)
CH, ) CH
R= —CH;-N = —C—N
\
“CH; CHj
o o)
[l
R= L NH = —C—N N—OH

Scheme 1.2: Mechanism of deactivation of B-adrenoceptor agonist activity by rapid hydrolysis of potential
biolabile glycolamide ester soft-drugs.
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CHAPTER TWO: Results and discussion (synthesis of soft B-adrenoceptor agonists)

2.1 INTRODUCTION

As discussed in chapter one (section 1.3.6), the basic structure of B-adrenoceptor agonists is
summarised as:

H H
HO '.“\Q. @H2"— R
a
HO R=alkyl
20)

The most important side-effect associated with B-adrenoceptor agonists is their effect on the
heart. Here -adrenoceptor agonists are being developed for topical use in psoriasis. To
design a B-adrenoceptor agonist which can be used in psoriasis, it is a pre-requisite that
activity be restricted to the cutaneous layers, and that no untoward cardiovascular effects
occur. As the drug enters into the blood stream, it should be hydrolysed or metabolised into
an inactive moiety. Our proposal is to minimise B-adrenoceptor activity by the introduction

of an anionic site near the amino group (see section 1.4.2.1 and 1.4.2.2).

Based on this idea, a carboxylate ester group was introduced, with a 1 or 2 carbon atom.
This derivative should hydrolyse to give a carboxylate anion in the blood, which we believe
will be devoid of B-adrenoceptor activity (see section 1.4.2.2). The first part of this project
sets out to explore the synthesis of B-adrenoceptor agonists with the general structure (49, n
=1 or 2).

H 0
Il
—CH, —NH—[CH,}, —C —O—R

L—Q—0O

O
HO

The catechol group is nucleophilic as well as being prone to oxidation in the presence of light

R= Me, Et
(49)

and air, which may make the chemistry complex. Therefore, prior to the incorporation of the
catechol group, which is important for B-adrenergic activity, the model compounds (50),

without the 3,4-dihydroxy substituents, were considered.

OH

| I
@- C—CHy~NH—(CH,),~C—O-R
l R= Me, Et

H
n=1or2

(50)
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2.2 ATTEMPTED SYNTHESIS OF AMINO ACID ESTERS (50, n=1, R=
ETHYL):

The most direct method towards the preparation of (50, n=1, R= ethyl) is to react 1-phenyl-
2-aminoethanol (51) with ethyl 2-bromoethanoate (52). However, the reaction was not
selective at nitrogen and only complex molecule (53) was isolated. Compound (53) was
derived from two molecules of 1-phenyl-2-amino ethanol (51) and four molecules of ethyl 2-
bromoethanoate (52). Its structure was assigned by 1H NMR, 1H-1H COSY (correlated
spectroscopy), 13C NMR DEPT and elemental analysis.

The 13C NMR spectrum of (§3) had 12 aromatic carbon atoms, of which 10 are aromatic C-
H (two quaternary carbon atoms at 8¢ 136.8 and 141.7 are absent in the 13C NMR DEPT),
which shows that there are two phenyl rings in the molecule. 13C NMR shows that there are
4 ester C=0 groups at 8¢ 167.2, 169.3 and 171.7 (2 equivalent). These were absent in the

13C NMR DEPT which confirms that they are quaternary carbon atoms.

The alkyl region in the 13C NMR spectrum shows 9 peaks in the alkyl region. The peak at
d¢ 14.1 is for the three -CH3 groups (peak phased positive in 13C NMR DEPT). Two other
peaks at 8¢ 70.4 and 80.8 (both peaks phased positive in 13C NMR DEPT) are for C-H
groups in the molecule. 1H NMR shows two doublet of doublet patterns at oy 4.62 and
5.58, which is characteristic for the (-CHz-C-H) group in the molecule. Integration of the
peaks in the 1H NMR spectrum at 8y 4.18 and 1.26 shows that there are 3 ethyl ester
groups. The remaining 7 peaks in the alkyl region phased negative in 13C NMR DEPT
which confirms that they are all -CHp- carbons.

The |H NMR spectrum was further assigned with the help of a IH-1H COSY spectrum. The
peak at 8y 4.67 (dd) [Ph-C(OH)-H] has a cross-peak connection to the signal at 8y 2.60

(dd) [Ph-C(OH)-CHAHB-], which is further connected (dashed lines) by a cross-peak to the
signal from multiplet at &y 3.13-3.21 [Ph-C(OH)-CHAHg- and Ph-CH-CHaHg-]. The peak
at 8y 5.56 (dd) (Ph-CH-OOC) has a cross-peak connection to the signal at 8y 2.80 (dd) [Ph-
CH-CHaHB-], which is further connected (dashed lines) by a cross-peak to the signal from
multiplet at 8y 3.13-3.21 [Ph-C(OH)-CHaHg- and Ph-CH-CHAHp-]. The peak at oy 3.45
(dd) has a cross-peak connection to the peak at 8y 3.82 (dd) with (J gem= 17.3 Hz) consistent
with methylene protons (-CHz-COOC3Hs). See !H-1H COSY spectrum (Figure 2.1). On
the basis of the above NMR experiments, the structure of the molecule was drawn (83).
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pr S
Br-CH,-COO-CyHs5 (52)
O—C—CHz-NHz - O—C“CHZ—NH—CHz-COO-CzH5
ﬂ{ NEt; / Nal / THF {L{

(51 (50)

o
Br-CH,-COO-C,Hjs O_g_o_ I(‘:—CHZ— Br
NEt; / Nal / THF !

fH2
NH,
Y
COO-C,Hs
O CH,
Br-CH,-COO-C,Hs O_TI Il /
C—O0— (—CHs—N
NEt3 / Nal / THF L \C\P\Iz
EHz H—C—OH
2

8y 1.26 (8¢ 14.1)
8y 4.19 (8¢ 60.0)

5c 80.8 5¢ 167.r\v

Sy 5.58\' $169.3 COO— CH,— CH;

%1363 I]'l O 84336 I
(50553)) /CH2

I 63 o By 2.6
/"‘H—C—H‘\asﬁms/_*H N
5 24 II\I HO—C—7p1 24462
/ \ k’ SC 70.4
CH, CH, 8¢ 1417
l
0=C*™ (""COO— CH,~CH;
8¢ 1717
(l) 8y 4.19 (560.8)
CH,
l &y 1.27 (8¢ 14.1) (53)
CH;

Scheme 2.1: Formation of compound (53) due to acylation of hydroxyl group in compound (51)
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This first experiment showed that it is difficult to get monosubstitution at the amine and there
is also a problem with acylation of the hydroxy group,107 in which two product molecules
Jjoined together to form (83) (Scheme 2.1). Both hydrogen atoms in the primary amine (51)
are substituted, which suggest that there is a need to protect the primary amino group.

An alternative approach to (50) via the preparation and subsequent reduction of the keto
compound (§6) was pursued. a-Chloroacetophenone (54) was heated under reflux with
ethyl 2-aminoethanoate (55) in ethanol,108 however the desired product, ethyl N-
(benzoylmethyl)-2-aminoethanoate (56) could not be isolated and the reaction turned dark
brown. This may be due either to ethanol acting as a nucleophile in the reaction or
alternatively product (56) could be heat-sensitive.

0 HyN-CH,-COO-CoHs  (55)
Lo
(54) l

0]
|
J O (IJ_CHz"'NH—CHz-COO-CzHS

(56)

?H
@“ ?'— CHy—NH-CH,-COO-C,Hs
H

(50

Under milder conditions, a-chloroacetophenone (54) was coupled with ethyl 2-

aminoethanoate (85) in the presence of triethylamine as a base and a catalytic amount of
sodium iodide (chloride is displaced by iodide to give a-iodoacetophenone, which is more

susceptible to nucleophilic attack).109 The product (56) was isolated by flash column
chromatography on silica gel eluting with ethyl acetate. The peak in the 1H NMR spectrum
at 8y 4.72 for -CO-CHj-Cl disappeared and a new peak at 8y 4.21 consistent with -CO-

CHj,-N- was evident. Other peaks in the IH NMR spectrum, supporting the formation of
(56) included &y 1.28 (t, Jyu=7.1 Hz) for (-CH3), 3.55 (s) for (-N-CH,-COO) and 4.20
(g, Jgu=7.1 Hz) for (-COO-CH3-).
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If the reaction mixture was left overnight, compound (56) changed into unidentified mixture
of compounds, possibly including a lactone or resulting from intramolecular reaction of the
ester and ketone function. Even after purification, compound (56) decomposed, therefore
alternative methods to synthesise the PB-hydroxyl compounds (50, n=1) were, thus,
explored.

To overcome such problems, one possibility was to utilise an N-protected analogue of ethyl
2-aminoethanoate. To test that protection of the amino group is required, some cyclic
secondary amines were reacted with a-chloroacetophenone.

The methyl ester of proline (58) was reacted with a-chloroacetophenone (54) in dry THF
with sodium iodide and triethylamine!99 to form methyl N-(benzoylmethyl)proline (59).
Disappearance of the peak at dy 4.72 for -CO-CH2-Cl and appearance of peaks at &gy 4.02
(d, Jgem=17.2 Hz, 1H) for (-CO-CHAHB-N-) and 4.31 (d, Jgem=17.2 Hz, 1H) for (-CO-
CHaHg-N-) confirms the formation of methyl N-(benzoylmethyl)proline (59). The 'H
NMR spectrum of (59) also included dy 3.64 (s, 3H) for (OCH3), and the 13C NMR
spectrum showed peaks at dc 196.8 and 174.1 for (C=0O keto) and (C=O ester),

respectively.

Similarily, treatment of ethyl 3-piperidine carboxylate (60) with c-chloroacetophenone gave
ethyl N-(benzoylmethyl)-3-piperidine carboxylate (61). Peaks in the IH NMR spectrum of
(61) included &y 3.78 (d, Jgem=16.5 Hz, 1H) for (-CO-CHAHg-N-) and 3.85 (d,
Jgem=16.5 Hz, 1H) for (-CO-CHAHRB-N-), and in the 13C NMR spectrum 8¢ 196.2 for
(C=0 keto) and 172.8 for (C=0 ester) which confirmed the formation of ethyl N-
(benzoylmethyl)-3-piperidine carboxylate (61). Both reactions proceeded cleanly and there
was only the desired product formed in the reaction, in contrast to the synthesis of ethyl N-
(benzoylmethyl)-2-aminoethanoate (56). Therefore, it was considered appropriate to protect
ethyl 2-aminoethanoate as a secondary amine by using ethyl N-benzyl-2-aminoethanoate.
Subsequently, the N-benzyl group could be removed by hydrogenation.

72



CHAPTER TWO: Results and discussion (synthesis of soft B-adrenoceptor agonists)

34.02 (d, HA) & 4.31 (d, HB)

O——Coocm 0 (
& p-bcirn

64.72 / NEt3/NaI/THF
) (59) COO-CH;

@-&- CH,~Cl COO-C,Hs
HN ;

( 83.78 (d, HA) & 3.85 (d, HB)

NEt;/Nal | THF @‘E”‘CHT'N: Z
©1)

COO-C,H;

a-Chloroacetophenone (54) was reacted with ethyl N-benzyl 2-aminoethanoate (62) in dry
THF with triethylamine and a catalytic amount of sodium iodide. However, ethyl N-
(benzoylmethyl)-N-benzyl-2-aminoethanoate (63) was not isolated from the reaction mixture
which turned dark brown. This could be due to the instability of (63) which may react to
give a 6-membered cyclic lactone, suggesting that compounds of structure type (50, n=1) are
not stable. The attempted synthesis of this class of compound was terminated and for
subsequent syntheses the chain length between the amino and carboxylate groups was
increased to two carbon atoms (50, n=2).

NH-CHy-COO-CoH
CH,

it "@ (62)
@—c—— CH,~Cl
NEt; / Nal / THF

(54)

CH;4
(63)

0
Il
@—c—— CH,~ I}I—CHZ-COO—C oHs
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2.3 SYNTHESIS OF PHENYL AMINO ACID ESTERS (50, n=2,
R=METHYL AND ETHYL)

The strategy for the preparation of esters (50, n=2, R=methyl and ethyl) is shown in Scheme
2.2. The key step is the reaction between alkyl N-benzyl-3-aminopropionate (64) and o-

chloroacetophenone (54) to give (65), with subsequent reduction of the keto group to give
(66) and final removal of the N-benzy! group to give (50).

NH-CH,CH7COOR
i el )
@- C—CHz-Cl

NEt; / Nal / DMF
(54)
0
NaBH, /ROH Q.P;_ CH,~N-CH,-CH,-COO-R
CH,
(65)
OH
Q L Cr, Nl it CO0 R Pd-C /ROH
CH; @ 1 atm. hydrogen
(66)
OH
@'C_ CHyN-CHy-CH-COO-R
B n
n= 2, R= Me, Et (50)

Scheme 2.2: Synthetic route for phenyl amino acid esters (50, n=2, R= methyl and ethyl).

It was anticipated that alkyl N-benzyl-3-aminopropionates (64) could be prepared from the
reaction of alkyl 3-bromopropionates with benzylamine. Methyl and ethyl 3-
bromopropionate (68, R=methyl and ethyl) were commercially available, whereas the propyl

and butyl esters of 3-bromopropionate, required for later chemistry, were prepared as shown
in Scheme 2.3.

A solution of 3-bromopropionyl chloride (67) in dichloromethane was reacted with either n-
propanol or n-butanol in the presence of triethylamine. The products (68, R=n-Pr and n-Bu)

were isolated by flash column chromatography. Appearance of a peak at ~1738 cm! in the
IR spectrum and a peak in the 13C NMR spectrum at 8¢ ~172.7 for (C=0 ester) supported

the formation of the alkyl 3-bromopropionate (68, R=n-Pr and n-Bu). These compounds
were fully characterised by 'H and 13C NMR spectroscopy.
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0

I ROH
Bre o >~ Br-CHyCHy- COO—R
r CHZ‘ CHZ C—Cl1 El3N / CHZ Clz - 2
67 (68)
l -HBr
Hp o He
c=c{
i COO-n-butyl ~ (69)

Scheme 2.3: Synthesis of alkyl 3-bromopropionate (R= n-Pr and n-Bu).

The n-butyl ester (68, R= n-Bu) was contaminated with 15% of the alkene (69, R= n-Bu)
which presumably arises by elimination of HBr from the product (68). The presence of the
alkene (69) was shown by !H NMR which included peaks at 8y 5.76 (dd for Hyp), 6.08 (dd
for He) and 6.37 (dd for Hp), and 13C NMR peaks at 8¢ 128.5 for (CH=CH-COO-) and
130.3 for (CH=CH-COO-).

Benzylamine (70) was heated with the alkyl 3-bromopropionates (68, R= Me, Et, n-Pr, n-
Bu) in THF!10 at 40 °C to give alkyl N-benzyl-3-aminopropionates (64, R= Me, Et, n-Pr,
n-Bu). These compounds were isolated as thick colourless oils by flash chromatography and
were characterised by 1H, 13C NMR and IR spectroscopy. Formation of each compound
was supported by IH NMR spectroscopy with a peak at 8 ~2.9 (t, Jyg ~6.5 Hz, 2H) for (-
N-CH,-CHj-), by 13C NMR spectroscopy with a peak at 8¢ ~44.5 for (-N-CHj-CH») and
IR spectroscopy with an absorption at ~3330 cm-! for (-NH-). It was important that the
reaction mixture was not heated above 40 °C, otherwise disubstituted tertiary amines (71)

were formed.

QCHZ-WZ Br~CHyCHzCOOR (68) @-CHZ—NH—CHZ-CH,_—COO-R

70) THF /40 °C 64)

temperature above 40 °C CH,-CHCOO-R
\ pe Qcm{ +CHy

~CH,CH,COO-R
(Y]

Treatment of the alkyl N-benzyl-3-aminopropionate (64, R= Me, Et) with o-
chloroacetophenone (54) in dry DMF in the presence of sodium iodide and triethylamine
afforded alkyl N-(benzoylmethyl)-N-benzyl-3-aminopropionate (65, R= Me, Et).
Transformation was confirmed by the disappearance of a peak in the 1H NMR spectrum at
Oy 4.72 for -CO-CH2-Cl1 and appearance of a peak at 8y ~3.90 (s, 2H) for (-CO-CHj3-N-).
Formation of (65, R= Me, Et) was further supported by 13C NMR spectroscopy with peaks
at 8¢ 193.0 and 172.0 for (C=0 keto) and (C=0 ester) respectively. These compounds were

fully characterised by !H and 13C NMR spectroscopy.

75




CHAPTER TWO: Results and discussion (synthesis of soft B-adrenoceptor agonists)

NH-CH, CH,-COO-R

I m_) e
O o

NEt, / Nal / DMF
(54)

0
fl
@—c— CH,~N-CHy CHy- COOR
8

R=Me, Et (65)

Compounds (65, R= Me, Et) were unstable. This is possibly attributable to the presence of
the keto group which can tautomerise to the enol form (72). The enol form could react with
the ester group to give the cyclic lactone (73, Scheme 2.4) or alternatively it may undergo an
aldol condensation reaction.107

0 (IjH/\
Q_C_ CH?_—II\I-CHz-CH ,-COO-R @_ C=CH-N-CH,-CH,-C— OR
CH?_@ _— | I
65) CH; O
(72)

N\CH2-®

Scheme 2.4: A possible route of decomposition of alkyl N-(benzoylmethyl)-N-benzyl-3-aminopropionate
(65).

(73)

However, the keto group of (65) can readily be reduced (in situ) with sodium borohydride in
the appropriate alcohol (methanol or ethanol)109 at room temperature to yield alkyl N-[(2'-
hydroxy-2'-phenyl)ethyl]-N-benzyl-3-aminopropionate (66, R=Me, Et). The transformation
was confirmed by 1H and 13C NMR spectroscopy with the disappearance of the ketone
carbonyl peak at 8¢ 193.0 and the appearance of new peaks at 8¢ 69.9 and &y 4.67 (dd,
JuH=3.8 and Jyu=9.7 Hz) for [-C(OH)H-CH3-N-]. In contrast with the keto compounds
(65), the hydroxy derivatives (66) were more stable.
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O@_CHZ_ N-CH,-CH,-COO-R
| NaBH, / ROH
CH;

(65)

H

Og— CH - N-CHy-CH,-COOR

CHj

R= Me, Et (66)

The N-benzyl groups of compounds (66, R= Me, Et) were then removed by hydrogenation
catalysed by 10% palladium on activated charcoal in the appropriate alcohol (methanol or
ethanol)109 to give the alkyl N-(2'-phenyl-2"-hydroxyethyl)-3-aminopropionates (50, R=Et,
Me) as solids.

H
()~ CurN-ChzCHzCo0R PA-C/H,
i CH; ROH }
(66)
O
@—C—~CH2— NH-CH,-CH,-COO-R
R= Me, Et

(50)

The compounds were characterised by !'H, 13C NMR and IR spectroscopy, elemental
analysis and mass spectrometry. Integration of the aromatic residues decreased to five
protons in the lH NMR spectrum and four aromatic carbon atom peaks were observed in the
13C NMR spectrum, which confirms the debenzylation and formation of alkyl N-(2'-phenyl-
2'-hydroxyethyl)-3-aminopropionate (50). Other peaks in the 1H and 13C NMR spectra,
which support the formation of (50, R= Me, Et), include oy ~2.45 (t, Jyyg ~6.5 Hz, 2H) for
-CH2-COO- and ~4.65 (dd, Jyy ~3.5, Jyy ~9.0, 1H) for -C(OH)-H, and &8¢ ~71.5 for
-C(OH)-H and 172.5 for (-COO-). The IR spectrum showed broad absorbances at ~3400
cm! for (-OH and -NH-) and ~1730 cm-! for (-COOQ-). The mass spectrum fragmentation
for compound (50, R= Et) is shown in Scheme 2.5.
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H
CHz*-NH= CH,

_‘(') e

Il
CH~CH—NH2—CH2 CH;~C—0~CH,-CH;
©/ m/z 220 (11%)

m/z 150 (5%)
-H,0
CHz—C 0O—CH,-CHj,4

©/? CH2-NH2—CH2 CH2"C 0-CH2 -CH;

m/z 238 (100%)

= (C2Hs0) +H'

@CHZ' OH C

OH

|
+ ﬁ C‘%‘CHz'—R—IH—CHz_CHz‘- C=0
H2C=NI‘I— CH2" CHz— C '%’ O—CH2—CH3 {—I
m/z 192 (2.5%)
m/z 130 (88%)

CH2" OH
- (C2H50). +H (j

H,C=N—CH,—CH,-C=3
m/z 84 (9%)

Scheme 2.5: Mass spectrum (CI, NH3) fragmentation of ethyl N-(2'-phenyl-2'- -hydroxyethyl)-3-
aminopropionate (50, R=ethyl).
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2.4 SYNTHESIS OF CATECHOL AMINO ACID ESTERS (74,
R=METHYL, ETHYL, n-PROPYL, n-BUTYL)

Having successfully prepared two amino acid esters (50, n=2, R=Me, Et) as model
compounds, the syntheses of the analogous catechol derivatives with 3,4-dihydroxy
substituents (74, R= Me, Et, n-Pr, n-Bu) were attempted.

H_ ,OH
HO C_ NH- CH;~CH;~ COOR
HO: :
(74)

Using the model chemistry developed for the phenyl analogues, it was anticipated that the
catechol amino acids esters (74, R=Me, Et, n-Pr, n-Bu) could be prepared by a similar
method outlined in Scheme 2.6. Because the catechol group is light- and air-sensitive, it may
make the chemistry more difficult, due to oxidation of the catechol ring. Alternatively the

phenolic groups of the catechol ring could react as nucleophiles.

HN- CHy-CH;- COOR

CH,
! ?
HO c._¢ (64) HO C._-N-CH,~CHy~ COOR
CH,
HO
NE; / Nal / DMF HO
(76)
(75)
NaBH4 /ROH
H_ ,OH H_ ,OH
HO C._ NH- CHz~CH;-COOR HO C._ N-CHz~CH;- COOR
;@ 1 atm. Hy D/ i
— 7 CH,
HO Pd-C/ROH HO
(74)
a7

Scheme 2.6: Proposed synthetic route for catechol amino acid esters (74, R=Me, Et, n-Pr, n-Bu)
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This route first required the preparation of 3,4-dihydroxy-o.-chloroacetophenone (75) which
was achieved by the Friedel-Crafts acylation reaction of catechol (78) with chloroacetyl
chloride (79).111 The appearance of a peak in the IH NMR spectrum at 8y 4.67 (s, 2H) for
-CO-CH3-Cl, and aromatic protons at 8y 6.92 (d, Jortho=8.3 Hz, 1H, Hs-aromatic), 7.40
(dd, Jortho=8.3, Jmeta=2.1 Hz, 1H, Hg-aromatic) and 7.52 (d, Jmeta=2.1 Hz, 1H, Hp-
aromatic) confirms the formation of 3,4-dihydroxy-a-chloroacetophenone (75). The

coupling constants being typical of a 1,3,4-tri-substituted aromatic ring.

0
If
HOD CI-CO-CH,-Cl (79) HO C\/Cl
HO POCl; / toluene i O:@
(78) (75)

Based on the reaction conditions for the preparation of the phenyl analogue (65), 3,4-
dihydroxy-a-chloroacetophenone (75) was allowed to react with ethyl N-benzyl-3-
aminopropionate (64), however, the required compound (76) was not isolated and the
reaction mixture turned dark brown. This may be due either to oxidation of the catechol ring
or to the phenolic groups reacting as nucleophiles. The hydroxyl groups on the catechol ring
should therefore be protected before reaction with the amine (64).

HIIQ“CHZ-CHZ“COOCZHS
CH,

HO c._qa (64) HO C._N-CHy~CH;—COOC;H;
CH,
HO HO

NEt, / Nal / DMF a6

(75)

The first protection strategy was to convert the phenolic hydroxyl groups into benzyl ethers
which ultimately should be removed by hydrogenation. 3,4-Dihydroxy-o-
chloroacetophenone (75) was treated with benzyl chloride in dry acetone with finely
powdered potassium carbonate and potassium iodide.!12 The reaction proceeded slowly and
gave many products from which the required compound (80) could not be isolated. In
another reaction, benzyl bromide was used instead of benzyl chloride/K1. The compound
isolated was not the desired 3,4-dibenzyloxy-o-chloroacetophenone (80); instead, only the
3-hydroxyl group was benzylated to give 3-benzyloxy-4-hydroxy-o-chloroacetophenone
(81) contaminated with ~35% 3-benzyloxy-4-hydroxy-a-bromoacetophenone (82) arising
from halide exchange.
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There are two peaks in the 1H NMR spectrum at dy 4.45 (s, 35%) for -CHy-Br and 4.65 (s,
65%) for -CH-Cl. Other peaks in the 1H NMR spectrum included 8y 5.20 (s, 2H) for -O-

CH»-Ph and 5.78 (br s) for -OH. Absorbances in the IR spectrum included 3505 cm! for
(OH) and 1687 cm! for (C=0).

O

1l
BORUICALIVES S {e
o X P e oS

K,CO3 / acetone
2LU3 (80)

(75)

0O
ii

QCHZ—OD/C ~d
QCHZ_& / HO

(81)
K,COs3 / acetone \ (P
i
Q-CH2—~OI>/C ~Br
HO

(82)

Q i o~
|
QCHZ (@/ch1 QCHZ O ; i ]//’C\/Cl
O

(81)

Scheme 2.7: Mechanism showing why the 4-benzyloxy group is cleaved more readily than the 3-
benzyloxy group.

Halide exchange may arise from reaction of the potassium bromide by-product with either
(75) to give 3,4-dihydroxy-a-bromoacetophenone, which after benzylation gives (82), or
alternatively with (81) to give (82). The lack of further benzylation of either (81) or (82)
could be attributed to a steric problem of having two benzyloxy groups ortho to each other,
or alternatively to the ease with which the 4-benzyl group cleaves due to the stability of both
the benzyl carbonium ion and the resonance stabilised phenoxide anion (Scheme 2.7).

Benzylation was therefore unsuitable as a method of protection, and attention was turned to

methyl ethers.

81




CHAPTER TWO: Results and discussion (synthesis of soft B-adrenoceptor agonists)

1,2-Dimethoxybenzene (83) was acylated with chloroacetyl chloride to yield 3,4-dimethoxy-
a-chloroacetophenone (84).111 The appearance of peaks in the !H NMR spectrum at § 3.95
(s, 3H) for -OCH3, 3.97 (s, 3H) for -OCH3, and 4.68 (s, 2H) for -CH2-Cl and a
absorbance in the IR spectrum at 1689 cm-! for (C=0) support the formation of 3,4-
dimethoxy-o.-chloroacetophenone (84).

0

il
H3COj© CI-CO-CH,-Cl  (79) H;CO (SN e
H,CO POCl5 / toluene D

H,CO

(83) (84)

3,4-Dimethoxy-oa-chloroacetophenone (84) was coupled with ethyl N-benzyl-3-
aminopropionéte (64) in dry DMF, sodium iodide and triethylamine. The product, ethyl V-
[(3',4'-dimethoxybenzoyl)methyl]-N-benzyl-3-aminopropionate (85), was isolated as the
free base by flash chromatography in a yield of 88%. The disappearance of a peak in the IH
NMR spectrum at 8y 4.68 for -CO-CH»-Cl and appearance of peaks at 8y 3.88 (s, 2H) for

-CO-CH3-N- and 3.81 (s, 2H) for -N-CH»-Ph confirms the formation of ethyl N-[(3',4'-
dimethoxybenzoyl)methyl]-N-benzyl-3-aminopropionate (85).

HN- CHy —CHz~ COOC,Hs

4.
54.68 SH,
0 0 53.88
H3CO Cc _/,ql (64) H;CO C I‘\I—CHZ—CHZ—COOCZH5
9] IO
H3CO NEt; / Nal / DMF H3CO
(85)
(84)

Ethyl N-[(3',4'-dimethoxybenzoyl)methyl]-N-benzyl-3-aminopropionate (85) was reduced
with sodium borohydride in ethanoll09 at room temperature to yield ethyl N-[2'-(3",4"-
dimethoxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-aminopropionate (86). The reduction was
confirmed by the appearance of a peak in the 1H NMR spectrum at & 4.82 (dd, Jyg=38.3,
Juu=4.0 Hz, 1H) for -C(OH)-H.
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0
i
H C. _N-CH,—CH,—
,CO « N~ CHy —CHy—COOGHs
CH, NaBH, / Ethanol
H;CO
§4.82 (dd) ~
) H_ OH
H;CO N~ CH,~CHy~COOC,H;
CH,
H,CO

(86)

The N-benzyl group of compound (86) was removed by hydrogenation, catalysed by 10%
palladium on activated charcoal in ethanol,1 to give ethyl N-[2'-(3",4"-dimethoxyphenyl)-
2'-hydroxyethyl]-3-aminopropionate (87). The deprotection was confirmed by 1H NMR
spectroscopy with the decrease in integration to three aromatic protons and disappearance of
peaks for the methylene of the benzyl group. The product also showed an absorbance in the

IR spectrum at 3313 cm™! for (-NH-).

H_ OH
H3CO C vI‘\I— CH,—CH,—COOC,H;5
CH, 1 atm. Hydrogen
H;CO
Pd-C / Ethanol
(86)
H_ OH
H3CO. C\/NH— CH,—CH,;— COOC,H;5
H3CO (87)

Demethylation!13 of compound (87) to the 3,4-dihydroxy derivative (74, R=Et) requires
Lewis acids (for example, boron tribromide) or trimethylsilyl iodide, which may attack other
reactive groups in the molecule like -OH, -NH- and ester. Therefore, although this sequence
has shown that the target compound may be obtained, the protection of the hydroxyl groups
by methyl ethers is not an appropiate strategy. Attention was therefore turned to more labile

protection groups, initially utilising the di(z-butylsilyl) substituent.
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3,4-Dihydroxy-a-chloroacetophenone (75) was treated with di-z-butyl dichlorosilane (88) in
dry acetonitrile in the presence of triethylamine and 1-hydroxybenzotriazole (89).114 The
required product di-(t-butyl)silyldioxy-a-chloroacetophenone (90) was not formed, but the
compound 3,4-(1',1',3',3"-tetra-z-butyldisiloxane)dioxy-a-chloroacetophenone (93) was
isolated by flash chromatography in a 40% yield. Proton NMR peaks at 8y 1.10 (s, 36H)
for (CH3)3C-Si and 4.68 (s, 2H) for -CO-CH»-Cl; carbon NMR peaks at 8¢ 21.3 for
(CH3)3C-Si, 27.9 for (CH3)3C-Si, 45.7 for -CO-CH>-ClI and 193.3 for (C=0); and IR
(KBr) peaks at 1698 cm-! for (C=0) and 1319 cm-! for (Si-O-C) support this structural

assignment. Formation of compound (93) was further confirmed by mass spectral analysis.

0
] t Cl
HO e Bus\ /
HO p” Yo
(75) (88)
N
NEt; / 65 °C N
N
OH (89)
B t
9 Bu' | y (n)
Bul\ /OI:/C\/CI Cl/SI—Oj©/C\/C1
Si
But/ 0 Cl\Si—-O
Bu‘/ \But 1)
(90)
H,0
t t Bu' O
. Bu 0 Bu'( / 1
Buy | i Si—O C Cl
/Sl——O C\/Cl okd ]ij ~
RN OD/ -HCl “Ugi—0
Si— /A 92
Bul/ \But (93) But BUt ( )
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The cyclic compound (93) must arise from the reaction of 2 molecules of di-¢-butyl
dichlorosilane (88) with one molecule of 3,4-dihydroxy-o-chloroacetophenone (75), with
subsequent hydrolysis of (91) to (92) and liberation of HCI to give (93). There are two
proposals for the mechanism of action of 1-hydroxybenzotriazole; i) the amine functions as a
proton acceptor, and ii) the amine forms a complex (94) with the silyl chloride, which
subsequently reacts with the alcohol to form the silyl ether. The 1-hydroxy group is electron
donating which facilitates formation of a charged intermediate (94) and in this way reaction
with alcohols is accelerated (Scheme 2.8).

Cl\Si’Bu‘ CI\S' o clr
1~ t
@\1';1 cl” TBut  (88) 1:1/ Bu
1
N ' N
' |
H
0 OH (94)
(89)
R—OH
RHC™ al But
B + N
N Sl\
I\‘I R_.O/ BU[
OH

Scheme 2.8: Mechanism of 1-hydroxybenzotriazole catalysis.

It should be noted that a more direct route to prepare compounds of type (93) would be to
react 3,4-dihydroxy-o-chloroacetophenone (75) with 1,3-dichloro-1,1,3,3-tetraisopropyl

disiloxane (95) which is commercially available for the protection of 1,2-diols.

AT

Si—Cl
/
o
\s§i-al

L

(95)
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Although the desired compound (90) was not formed, the product obtained (93) may still be
a useful intermediate. 3,4—(1',1‘,3‘,3'—Tetra-t-butyldisiloxane)dioxy-a~chloroacetophenone
(93) was coupled with ethyl N-benzyl-3-aminopropionate (64) in dry DMF, sodium iodide
and triethylamine. The desired product, ethyl N-{[3,4-(1',1',3',3'-tetra-¢-
butyldisiloxane)dioxybenzoyl]methyl}—N—benzyl—3-aminopropionate (96) was isolated by
flash chromatography in a yield of 82%. Coupling was confirmed by the absence of a peak
in the IH NMR spectrum at 8y 4.68 (s, 2H) for -CO-CH>,-Cl and the appearance of a peak at
8 3.89 (s, 2H) for -CO-CH2-N-. Peaks in the 13C NMR spectrum included 8¢ 59.2 for (-
CO-CH2-N-) and 193.3 for (-CO-CH3-N-) absorbances in the IR spectrum at 1680 cm-! for
(C=0 keto) and 1729 cm! for (C=0 ester) also support the formation of compound (96).

. But o HI?“CH2~CH2~COOC2H5
Bu\ / Il CH
/Si“O C\/Cl 2
0)
(O O
S 51 4.68
BLIl But
o NEt; / Nal / DMF ‘
8c 193.3
But Oy 3.89
Bu' / )/ H
/Sl"o CH2 CHz““COOCzHS
N D/ cy
S0 6
A (96)

Ethyl N-{[3,4-(1',1',3',3'-tetra—t-butyldisiloxane)dioxybenzoyl]methyl}-N-benzyl-3—
aminopropionate (96) was reduced with sodium borohydride in ethanoll09 at room
temperature to give ethyl N-{2'-[3",4"-(1 ",1",3",3"-tetra-t-butyldisiloxane)dioxyphenyl]-
2'-hydroxyethyl}-N-benzyl-3-aminopropionate (97). Reduction was confirmed by the
disappearance of a peak in the 13C NMR spectrum at dc 193.3 for (C=0 keto) and
appearance of a peak at 8¢ 69.3 for -C(OH)-H. Transformation was further supported by
disappearance of an IR strech at 1680 cm-! for (C=0 keto) and appearance in the 1H NMR
spectrum of a peak at 4 4.59 (dd, J gem=9.5, JHH=3.7 Hz, 1H) for -C(OH)-H. The structure
was also supported by elemental analysis and mass spectroscopy. The mass spectral
fragmentation pattern for (97) is shown in Scheme 2.9.

d¢ 69. 3> T 8y4.59 (o)

Bu' N /
s:~ \/N CH;—CH,—COOC,Hs
(96)
NaBH, / Ethanol
l/ \ l (97)
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+ 1
HyC=NH— CH,~ CH;—-C—O- CH,— CHj;

| m/z 130 (18%)

m/z 91 (24%)

(0]
i
H2C—N‘CH2 CH;—-C— O0-CH;—CH;

@ m/z 220 (100%)

H I
O/ O/CQCH/ JIIIM CH,~ CHy—C— O~ CH,— CHj; }11H4
\ 1

$i—0~ FaC
Bu‘/ \B t
" m/z 640 (10%)

-H,O
¢ Bu'
BuN I HO_ H Q
Si— - - —-C- - t
Y, 1 Cj\g‘/IIQ CH;~-CH,—-C sg—CHz CHj; NH,4
(K A H2C
Si“o
l m/z 658 (70%)
/.Cszi-H
. Bu'
Bu' / HO_ /
Si—O C -CH,~ CH =
Y, ‘J{/II\I 2~ CHy—C=
O\ H,C
5o
BUl Bul
m/z 612 (2%)
H2C: H2 CH2 C= O

t
4o Bu' /B“ C')H
(ﬁ——H Si— O~ :+:' ~C~H
C—
H
ST
Bl.lt But
m/z 107 (8%) m/z 437 (25%)

Scheme 2.9: Mass spectrum (CI, NH3) fragmentation pattern of ethyl N-{2'-[3" 4"-(1"",1"",3"" 3" tetra-¢-
butyldisiloxane)dioxyphenyl]—2‘-hydroxyelhyl}-N-bcnzyl-3-aminopropionate 7
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The N-benzyl group of compound (97) was removed by hydrogenation catalysed by 10%

palladium on activated charcoal in ethanol109 to give ethyl N-{2'-[3",4"-(1",1",3"",3""-
tetra-¢-butyldisiloxane)dioxyphenyl]-2'-hydroxyethyl}-3-aminopropionate (98).
Deprotection was confirmed by IH NMR spectroscopy with the decrease in integration to
three aromatic protons, and diappearance of peaks for an N-benzyl group. Other peaks in the
IH NMR spectrum included 8y 1.08 (s) for [(CH3)3C-Si] and 5.00 (dd, 1H, Jgu=9.8,
1Hz) for [-C(OH)-H], and in the 13C NMR spectrum 3¢ 69.4 for [-C(OH)-H].

Oy 5.00 (dd)
. Bu -
Bu'_/ HO M
Si—O C\/NH"‘CH2“CH2‘“COOC2H5
NaBH, / Ethanol \Si~— o
But/ \But (98)

Silyl groups are usually readily removed by fluoride anions,!15 however treatment of ethyl
N-{2'-[3",4"-(1"",1™ 3" 3""-tetra-t-butyldisiloxane)dioxyphenyl]-2'-hydroxyethyl } -3-
aminopropionate (98) with tetrabutylammonium fluoride in THF, resulted in its oxidation to
a dark residue. Despite various modifications, this could not be improved, therefore, it is not
an appropriate protecting group for the synthesis of soft-drugs of structure (74), and
attention was turned to acetal protection of the catechol ring.

Bu'(_/ HO_ H
N \/NH-CHZ—CH2—~COOC2H5

Si—O C
O< D/ Tetrabutylammonium

SimO fluoride in THF
BuY Ryt 98)
Ho,_ H
HOI:rC \/NH‘ CH;—CHjp— COOC;,Hs
HO 74)

1, 2-(Methylenedioxy)benzene (99) was treated with chloroacetyl chloride in toluene. 111
The desired compound (100) was not formed, instead catechol (78) was isolated. This is
due to cleavage of the methylenedioxy group by the acid generated in the Friedel-Crafts
acylation reaction. It was therefore considered that protection of the 1,2-diols to an acetal
should occur after the acylation reaction. Also, the diphenylmethylene acetal, which could be
removed by hydrogenolysis as well as acid catalysed hydrolysis, was evaluated.
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i
&_cu,a

POCl; / toluene

O
g
O
<O :© C1-CO-CH,-Cl % -
du 5.9
! 99) HO @
HO

(78)

3,4-Dihydroxy-a-chloroacetophenone (75) was heated with dichlorodiphenylmethane (101)
at 170-180 °C!16 o give 3,4—diphenylmethylenedioxy—(x-chloroacetophenone (102).
Protection was confirmed by the appearance of a quaternary carbon in the 13C NMR
spectrum at 8¢ 117.0 for (PhaC), together with peaks at ¢ 45.6 for (-CH2-Cl) and 193.0
(C=0). The peak in the IH NMR spectrum at 8y 4.61 (s) for -CH2-Cl and the absorption in
the IR spectrum at 1697 cm-1 for (C=0) together with the absence of an -OH stretch also

supports structure (102).
L e

C
i

@) N 0
HO c_ _Cl Cl I
D/ ~ (101) /o c._a
1T
N
HO 170 - 180 °C @ 0
(75) (102)

Proceeding towards the synthesis of the soft-drugs, 3,4-diphenylmethylenedioxy-ot-

chloroacetophenone (102) was coupled with alkyl N-benzyl-3-aminopropionates (64, R=
Me, Et, n-Pr, n-Bu) in dry DMF, sodium iodide and triethylamine. The products, alkyl N-
[(3',4‘—diphenylmethylenedioxy)bcnzoylmethyl]-N—benzyl—3—aminopropionates (103, R=
Me, Et, n-Pr, n-Bu), were isolated by flash chromatography as pale yellow oils.

H]TI-CHy-CHz'COOR

Q H,C
YT .
. C\ > (64)
@ 0 5,461 NEt; / Nal / DMF ]

(102) o 3y 3.80
1
C
H,C
(o O
8y 3.75
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The compounds (103, R= Me, Et, n-Pr, n-Bu) were characterised by !'H and 13C NMR
spectroscopy and IR spectrometry. The structures were confirmed by disappearance of a
peak in the 1H NMR spectrum at 8y 4.61 (s, 2H, -CO-CH3-Cl) for starting material (102)
and appearancé of a peak at 8y ~3.80 (s, 2H) for (CO-CH2-N-). Other peaks which support
the formation of (103) include 8y ~3.75 (s, 2H) for (-N-CH2-Ph); 8¢ ~58.0 for (-N-CHa-
Ph), ~59.4 for (-CO-CH-N-), ~117.9 for (PhoC-), ~196.0 for (C=O keto) and ~172.0 for
(C=0 ester); IR (neat) peaks at ~1730 cm-! for (C=0 ester) and ~1680 cm for (C=0 keto).

The alkyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-3-aminopropionates
(103, R= Me, Et, n-Pr, n-Bu) were reduced with sodium borohydride in the appropriate
alcohol (methanol, ethanol, n-propanol or n-butanol)199 at room temperature to yield alkyl
N-[2'-(3" 4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-
aminopropionates (104, R= Me, Et, n-Pr, n-Bu).

8¢ 196.0
0 )
O CVN—CHZ_CHZ_COOR
< D/ | NaBH, / R-OH
HLC
ok & |
(103) /8 4.55 (dd)
HO_ H
C\/T.‘CHZ_CHZ—COOR

0
C\ ) H2C
: &
@ 8¢ 69.9 (104)

These reductions were confirmed by 13C NMR spectroscopy with the disappearance of the
carbonyl ester peak at 8¢ 196.0 and the appearance of a peak at 8¢ 69.9 for -C(OH)-H. I
NMR peak at 8y 4.55 (dd, Jup=9.0, Jun=4.8 Hz, 1H) for [-C(OH)-H] and IR (KBr) peak
at ~3400 cm~! (broad s) for (-OH and -NH-) also supports the formation of product (104).
In the 1H NMR spectrum, peaks were assigned with the help of a IH-1H COSY spectrum.
For the n-butyl analogue (104, R= n-Bu) (Figure 2.2) the signal for the methyl protons at
&g 0.90 (t, -CH3) has a cross-peak connecting it (dashed lines) to the signal from the
methylene protons at 8y 1.34 (sextet, -CH»-CH?3), which showed connectivity to the
methylene protons at 8y 1.57 (pentet, -CHz-CH2-CH3), which in turn was connected to the
methylene protons at 8y 4.05 (quartet, -COO-CHp-). The signal for the benzylic protons at
8y 3.46 (d, -CHAHgB-Ph) has a cross-peak connecting it (dashed lines) to the signal from
benzylic protons at 8y 3.81 (d, -CHAHg-Ph).
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+

{ Z H

o cH |

\ H,C
D @

m/z 534 (10%)
HO_ H .
0 ¢’__NH—CH,—~CH,—COOC,H,

AN

C

I
\ 2C
@)
(104)
m/z 552 (74%)
+
/OH H2C:IT—“CH2"'CH2‘—‘COOC4H9
“+e
<’ 0‘55 #C~H

m/z 248 (42%)

HC
@/ hexa @
m/z 303 (96%)
-CH,

+
+ HoN—CH,~CH,—COO0C,Hy

/C\H ]
HQ HZC\©
m/z 236 (100%)

m/z 108 (60%) H

Scheme 2.10: Mass spectrum (CI, NH3) fragmentation pattern of butyl N-[2'-(3",4"-
diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-aminopropionate (104, R=
n-Bu)

The signal at 6y 4.55 (dd) for [-C(OH)-H] has a cross-peak connection to the multiplet at Sy
2.41-2.59, which shows that [-HC(OH)-CHy-N-] is part of the multiplet. The signals at dy
2.70 and 2.76 (dt) show a cross-peak connection to the signals at 8y 2.98 and 3.03 (dt).
The signals from both sets of peaks are further connected to the signals from the multiplet at
oy 2.41-2.59, which shows that (-CH-COO-) is part of the multiplet at 8y 2.41-2.59. This
shows that the peaks at &y 2.70 and 2.76 (dt) correspond to one proton for (-N-CHAHg-
CH2-) and the peaks at 8y 2.98 and 3.03 (dt) corresponds to the second proton for (-N-
CHAHB-CHp-). The IH-1H COSY spectrum for compound (104, R= n-Bu) is shown in
Figure 2.2. The structure of (104, R= n-Bu) was also supported by elemental analysis and
by mass spectrometry. The mass spectral fragmentation pattern of (104, R= n-Bu) is shown
in Scheme 2.10.
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The diphenylmethylene group can be removed by hydrogenation at 60 psi under hydrogen
atmosphere at room temperature. It is advantageous to use the diphenylmethylene group for
the protection of the catechol, because in the final step, both the diphenylmethylene and N-
benzyl protecting groups can be removed in one step by hydrogenation at 60 psi, though
removal of the N-benzyl group requires only 1 atmosphere pressure of hydrogen. The N-
benzyl group of esters (66, R= Me, Et) were readily removed by hydrogenation at 1
atmosphere at room temperature in the presence of 10% palladium on activated charcoal
catalyst.109 Under these conditions the N-benzyl group was removed from (104, R=Et),
however the diphenylmethylene group was not removed to give ethyl N-[2'-(3",4"-
diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (105, R=Et).
Transformation was confirmed by the disappearance of benzyl peak in 1H NMR at 8y ~3.50
(d, Jyu=13.5 Hz, 1H) for (-N-CHAHg-Ph) and ~3.85 (d, Jyg=13.5 Hz, 1H) for (-N-
CHaHg-Ph), and decrease in integration of aromatic protons to 13 H. The 13C NMR
spectrum with a peak at dc 116.5 for PhoC- shows that the diphenylmethylene group is still

intact.

When the hydrogen pressure was increased to 30 psi the diphenylmethylene protecting group
was still not removed. Therefore, the hydrogen pressure was increased to 60 psi and, after
18 hrs, compound (104, R= Et) was converted to compound (74, R= Et). The catechol
product was highly oxygen (air)-sensitive; however, the rate of oxidation could be decreased
by making the hydrochloride salt.

Q HO_ H
~CH,~CH,~COOR
Sonea
HL
oh &

(104)
Pd-C/ H,/ 1 atmos. or 30 psi
Ethyl acetate
Pd-C/R-OH/
60 psi hydrogen HO_ H
y Q /OD/\CVNH~CH2~—CH2~ COOR
C
N\
O
(105)

HO_ H

HO D/C\/NH“CHZ—CHZ—COOR
HO (74)
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Compound (74, R= Et) was characterised as its hydrochloride salt by 1H NMR, 1H-1H
COSY and 13C NMR spectroscopy, IR spectrometry, elemental analysis and mass
spectrometry. The peaks in the TH NMR (D20) spectrum at 8y 1.27 (t, Jug=7.1 Hz, 3H)
for (-CH3) and 4.21 (q, Jup=7.1 Hz, 2H) for (-COO-CH3-) confirmed the presence of an
ethyl ester. Other peaks which support the formation of (74, R= Et) include 0y 4.96 (dd,
Juu=8.5, Jag=4.8, 1H) for [-C(OH)-H], 2.89 (t, Jun=6.7 Hz, 2H) for (-CH-COO-),
3.28-3.36 (m, 2H) for [-HC(OH)-CH2-N-] and 3.36-3.52 (m, 2H) for (-N-CH»-CH3-).
Assignment of the peaks in the IH NMR spectrum at 8y 2.89 (1), 3.28-3.36 (m) and 3.36-
3.52 (m) were made with the help of a IH-TH COSY spectrum (Figure 2.3 for 74, R=E).
The signal from peak at 8y 4.96 [dd, C(OH)-H] has a cross-peak connection to the peak at
8pr 3.28-3.36, now assigned as [-HC(OH)-CHa-N-]. The signal from the peak at &y 2.89
(t, -CHp-COO-) has a cross-connection to the signal from 8y 3.36-3.52 (m), now assigned
as (-N-CH»y-CH3-).

The 13C NMR assignments were confirmed by the 13C DEPT experiment in which the
quaternary carbons at ¢ 133.3, 145.5, 145.6 (aromatic C) and 173.7 (COO-) were absent.
In the 13C DEPT, the methyl and methine carbons were phased upright [14.5 for (-CH3),
69.5 for -HC(OH)-] and all of the methylene carbons phase downwards in the spectrum.
The 'H NMR spectrum of compound (74, R=Et) was also recorded in MeOH-d4 which
showed better resolution than the spectrum recorded in D20. The 'H and 13C NMR
assignments of compound (74, R= Et) in D20 and MeQH-d4 are shown in Figures 2.4 and
2.5 respectively. The IR (KBr) spectrum showed a broad peak at 3404 cm™1 for (-OH), a
strong broad peak at 3315 cm-! for (-N+Hp-) and a peak at 1731 cm-1 for (C=0 ester). The
structure was also supported by elemental analysis and by mass spectrometry. The mass
spectral fragmentation pattern is shown in Scheme 2.1 1.

5c69.5 813.36-3.52 (m)
51 6.97 (d)

81 3.28-3.36 (m) 51289 (1) 5H 421(q) ,8y1.27 (1)
5c 1333 \H ('DH i (
4+

HO C\—" CH2 -_ NH2 CH2 (CHz — 00— CH2 CH3 Cl

5c145.5
© x H ‘\ 8¢ 54.3 dc 314 k

5c145.6 K 3 8¢ 14.5

HO 511 4.96 (dd) 8c443 c63.7

H (l—l oc173.7

51696 (@) —” 5,688 (dd)

Figure 2.4: 1H.NMR and !3C-NMR assignments of ethyl N-[2'-(3",4"- dihydroxyphenyl)-2'-
hydroxyethyl]}-3- aminopropionate as its hydrochloride salt (74, R= Et) in (D70).
All OH and NH have exchanged with DyO.
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81 2.69 (dd, CHAHp) and 8y2.78 (dd, CHzHp)

5c 732
6.80 (d
aﬂ\‘ @ 542870~ 3, 252(0 8H411(q) 8H123(t)
51358 H (I)H \
S 146.0 \H
8¢ 517 8c 34.9
& 146.4/_\ SC 14.5
HO 8H460(dd) 8¢ 45.6 5c616
(ﬁ 8¢ 174.0

5a673(0) A 84667 dd)

Figure 2.5: 1H.NMR and !3C-NMR assignments of ethyl N-[2'-(3",4"-dihydroxyphenyl)- -2'-
hydroxyethyl]-3-aminopropionate as its hydrochloride salt (74, R=ethyl) in MeOH-d4.

All OH and NH have exchanged with MeOH-d4.

H
HOUC :QCH/
HO

m/z 152 (6%)

- [HzC:CH2~COOC2H5 ]

H +
HO Ca _NH,-g-CH,—CH,—COOC;Hy
CH

HO m/z 252 (22%)

HO_ H +
ij NH,— CHQ""CHQ"—COOC2H5

o

HO m/z 270 (100%)
HODrCHZOH
HO

+

m/z 130 (17%)

Scheme 2.11: Mass spectrum (FAB) fragmentation pattern of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= ethyl).
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A solution of propyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate (104, R= n-Pr) in n-propanol was subjected to an atmosphere of
hydrogen at 60 psi at room temperature in the presence of 10% palladium on charcoal
catalyst. After 24 hr, the reaction mixture contained starting material and propyl N-[2'-
(3",4"—diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]—3—aminopropionate (105, R=n-
Pr). After a further 48 hrs, the reaction mixture contained 10% (105, R= n-Pr) and 90%
propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=n-Pr).
Complete deprotection was confirmed by the absence of a peak in the 13C NMR spectrum at
8¢ 116.0 for [(Ph)2C], absence of peaks in the IH NMR spectrum at 8y 3.42 (d, Jgem=13.5
Hz, 1H) for (-N-CHAHpg-Ph) and 3.77 (d, Jgem=13.5 Hz, 1H) for (-N-CH AHgp-Ph), and by
a decrease in the integration of aromatic protons from 18 H to 3 H in the IH NMR spectrum.
Peaks which support the formation of compound (74, R= n-Pr) included &g 2.43 (t,
Ju=6.5 Hz, 2H) for (-CH2-COO-), 2.59 (dd, Jgem=12.1, Jyu=4.8 Hz, 1H) for [-C(OH)-
CHAHB-N-], 2.67 (dd, Jgem=12.1, Juy=4.8 Hz, 1H) for [-C(OH)-CHAHgB-N-] and 4.49
(dd, Jyu=38.3, Juu=4.8 Hz, 1H) for [-C(OH)-HJ; 8¢ 57.6 for [-C(OH)-CH2-N-], 67.3 for
(COO-CH3-), 73.0 for [C(OH)-H] and 174.0 for (-COO-).

A solution of butyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate (104, R= n-Bu) in n-butanol was subjected to hydrogenation at
room temperature at 60 psi hydrogen atmosphere in the presence of 10% palladium on
charcoal catalyst. After 24 hr, the reaction mixture contained starting material (104, R=n-
Bu) and butyl N-[2'—(3",4"-diphenylmethylenedioxyphenyl)—2’—hydroxyethyl]—3-
aminopropionate (105, R= n-Bu). After hydrogenation for 96 hrs, the reaction mixture still
contained 70% (105, R= n-Bu) and 30% butyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R=n-Bu). Deprotection was confirmed by 1H NMR
spectroscopy (CDCI3) with peaks at Sy 8.70 (broad s, 1H) for phenolic (OH) and Oy 9.10
(broad s, 1H) for phenolic (OH), coupled with a decrease in integration of the aromatic
protons. Other peaks which support the formation of compound (74, R= n-Bu) includes oy
0.88 (t, Jgyu=7.3 Hz, 3H) for (CH3), 2.80 (t, Jyn=7.1 Hz, 2H) for (-CH2-COO-) and 4.85
(dd, Jgu=7.9, Jyu=4.0 Hz, 1H) for [-C(OH)-H].

The hydrogenation of the propyl and butyl esters (104, R= n-Pr and n-Bu) in n-propanol
and n-butanol was not complete even after 72 and 96 hrs respectively. This is probably
because of the decrease in solubility of hydrogen gas in n-propanol and n-butanol when

compared with methanol and ethanol.
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2.5 SYNTHESIS OF ACYL PRODRUGS OF THE CATECHOL AMINO
ACIDS (106, R= ETHYL, R'= CH3CO) AND (107, R= ETHYL, R'=
ButCO):

Compounds (74, R= Me, Et, Pr) have been prepared, however, they suffer from the
presence of free catechol hydroxyl groups which are susceptible to oxidation. They are also
expected to be substrates for catechol-O-methyltransferase (COMT) which may limit
biological activity. Furthermore polar compounds typically show poor percutaneous
absorption profiles. One promising approach to optimise the efficacy of these compounds is
to prepare prodrugs.87 Prodrugs need to undergo a biotransformation reaction to the drug,
for example hydrolysis, prior to exhibiting their pharmacological effects. Indeed, here a pro-
soft-drug is required. Prodrugs could be used to alter the properties of certain drugs: to
increase their usefulness and to decrease or at least alter their toxicity (see section 1.4.3 for a
more detailed account of the prodrug concept).

OH 0

| il
Ri— OD/F_CHZ ~NH—-CH, —CH,~C—O0—R,
H

Pro-soft-drug (INACTIVE)

T i
HO iC-—-CHZ--NH—CHz—CHz-—C —O0—R,
X
HO
Soft-drug (ACTIVE)
P |
H

HO
Metabolite (INACTIVE)

2.5.1 Prodrugs of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=ethyl)

The synthesis of prodrugs of the soft-drug (74) is explored, to optimise its activity profile
and topical delivery. This involved attempts to synthesise compounds in which the phenolic
groups are protected with acetyl (106, Ri= H3C-CO-) and pivaloyl [107, Rj= (H3C)3C-
CO-] residues.
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OH

0
I il

R— O:(j(': —CH,~NH—CH,—~CH,—C—0—R;
H

(74,R1= H, Ro=Et)

Acetyl prodrug (106) Ro= Et and R1= H3C-CO-
Pivaloyl prodrug (107) Rg=Etand Ri= (H3C)3C-CO-

Attempted synthesis of the acetyl prodrug (106):

Catechol (78) was acetylated with acetic anhydride in 3 M sodium hydroxide, to yield 1,2-
diacetoxybenzene (108).117 Transformation was confirmed by the 1H NMR spectrum with
a peak at 8y 2.29 (s, 6H) for the two acetyl groups. However, the Friedel-Crafts acylation

reaction of 1,2-diacetoxybenzene with chloroacetyl chloride in toluene to give (109) was not
successful. In contrast, catechol with two electron-donating hydroxyl groups, is very

reactive towards electrophilic aromatic substitution.

HO:O (CH3C0),0 H3CCOOj© CLCO-CHy-Cl (9
HO NaOH H,CCOO POCl; / toluene

H3CCOO C Cl

H3CCOO

An alternative route to (109) was therefore considered. 3,4-Dihydroxy-c.-
chloroacetophenone (75) was acetylated with acetic anhydride in dry THF in the presence of
triethylamine, to yield 3,4-diacetoxy-o.-chloroacetophenone (109). Transformation was
confirmed by the appearance in the IH NMR spectrum of a peak at 8y 2.33 (s, 6H) for the
two acetyl groups and absence of signals for the aromatic -OH groups. Other peaks which
support the formation of compound (109) include 4.67 (s, 2H) for (-CO-CH3-Cl). The IR
(KBr) spectrum for (109) shows peaks at 1769 cm-! for (C=0 ester) and 1706 cm-! for
(C=0 keto).

99




CHAPTER TWO: Results and discussion (synthesis of soft B-adrenoceptor agonists)

0

0
] i
HO:©/C ¢ (CH3C0),0 H3ccoo:©/cvc1
HO NEt; / THF H;CCOO
(75)
85y 2.33 _/ (109)

3,4-Diacetoxy-a-chloroacetophenone (109) was coupled with ethyl N-benzyl-3-
aminopropionate (64) in dry DMF, sodium iodide and triethylamine. The product ethyl N-
[(3',4'-diacetoxybenzoyl)methyl]-N-benzyl-3-aminopropionate (110) was isolated by flash
column chromatography. Coupling was confirmed by the disappearance of a peak in the 1H
NMR spectrum at & 4.67 (s, 2H) for (-CO-CH;-Cl) and appearance of a peak at 5 3.85 (s,
2H) for (-CO-CHj3-N-). Other peaks in the 'H NMR spectrum for (110) include & 2.30 (s,
3H) for (H3CCOO-), 2.31 (s, 3H) for (H3CCOO-), 3.78 (s, 2H) for (-N-CH2-Ph) and 3.85
(s, 2H) for (-CO-CH32-N).

However, compound (110) was not stable as it readily lost an acetyl group to give (111),
shown by the decrease in integration in the 1H NMR spectrum of acetyl protons at & 2.30.
Compound (111) was also prone to oxidation as the product turned dark brown. The 4-
acetoxy substituent of (110) is likely to be most susceptible to hydrolysis because of the
ability of the electron-donating 4-hydroxyl group in the product (111) to be stabilised by
donation of electrons to the keto group. Therefore, alternative derivatisation of the catechol
group was investigated utilising the more hindered pivaloyl chloride.

HN-CHy—CHy—COOC;Hs

0 H,C
H,CCOO c_qa
o,
H,CCOO )
5 467 NEt; / Nal / DMF l

(109) Q

H,CCOO CVI\'I—CH2~CH2——COOCZH5
D/ H,C
H,CCOO \©

(110)

:O H,C
o O

(111)
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Synthesis of pivaloyl prodrug (107):

3,4-Dihydroxy-a-chloroacetophenone (75) was coupled with pivaloyl chloride (112) in dry
THF in the presence of triethylamine to yield 3,4-dipivaloyloxy-a-chloroacetophenone
(113). The appearance of peaks in the IH NMR spectrum at 8y 1.36 (s, 9H) for (ButCOO0)
and 1.37 (s, 9H) for (Bu!COO-) and in the 13C NMR spectrum at 8 27.1 for [-C(CH3)3] and
39.2 for [-C(CH3)3] confirms the formation of compound (113). Formation of compound
(113) was further supported by mass spectral fragmentation and elemental analysis.

Q f D 0
il -
HO:O/C\/Q ->—C——C1 (112) C O]@/C\/Cl
O_ <
il
NEt; / dry THF C—o 31 4.68

HO

(75) k O 1.36 (113)

3,4-Dipivaloyloxy-o-chloroacetophenone (113) was coupled with ethyl N-benzyl-3-
aminopropionate (64) in dry DMF, in the presence of sodium iodide and triethylamine. The
product, ethyl N-[(3',4'-dipivaloyloxybenzoyl)methyl]-N-benzyl-3-amino-propionate (114)
was isolated by flash column chromatography as a pale yellow oil in a yield of 70%. The
coupling was confirmed by the disappearance of a peak in the IH NMR spectrum at 8y 4.67
(s, 2H) for (-CO-CH>-Cl) and appearance of a peak at du 3.87 (s, 2H) for (-CO-CH2-N-).
Other peaks in the 1H NMR spectrum which support the formation of compound (114)
include 8y 1.34 (s, 9H) for (ButCOO-), 1.36 (s, 9H) for (ButCOO-) and 3.87 (s, 2H) for (-
CO-CH»-N-). Further evidence is provided by peaks in the 13C NMR spectrum for (114) at
Sc 27.1 for [-C(CH3)3], 27.2 for [-C(CH3)3], 39.15 for [-C(CH3)3], 39.25 for [-
C(CH3)3], 59.6 for (-CO-CH2-N-), 172.5 for (CH,COO), 175.4 for (ButCOO0), 175.6 for
(ButCOO) and 196.6 for (keto C=0). The IR (neat) spectrum for (114) included peaks at
1763 cm-1 for (C=0 ester), 1734 cmr! for (C=0 ester) and 1689 cm1 for (C=0 keto).

Ethyl N-[(3',4'-dipivaloyloxybenzoyl)methyl]-N-benzyl-3-aminopropionate (114) was
reduced with sodium borohydride in ethanoll09 to give ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)—2’-hydroxyethy1]—N—benzyl-3—aminopropionate (115) in a yield of
45%, data on which included 8y 4.66 (dd, Jyu=10.1, Jun=3.2 Hz, 1H) for [-C(OH)-H].
In the 13C NMR spectrum the peak at 8¢ 196.6 for the substrate (C=0) was absent giving
rise to a new peak at 8¢ 69.2 for [-C(OH)-H].
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4.68
SH Hll\lh CHZ— CHZ—C - O"CHz-CH3

CH;

-}-@—OD/@-CHZ—G "@ (64)

9—@_0 Et3N / Nal / DMF l

(113)
0
& b CHyN-CH,~ CHy—C— O—CHy CH
NaBH, / ethanol > R S S
CHy
}—C—-—O
8 8¢ 196.6 (114)

8 69.2

) ¢
I
-}- O)g?—CHz—N—CHZ CHy—C— 0—CH,-CH3

(115)

After completion of the reaction, water was added to hydrolyse the excess sodium
borohydride, however the sodium hydroxide formed caused hydrolysis of the ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-N-bcnzyl-3-aminopropionate (115) to give
the monopivaloyl derivative (116) which hydrolysed rapidly to give ethyl N-[2'-(3",4"-
dihydroxyphenyl)—2'-hydroxycthy1]-N—benzyl-3-aminopropionatc (117). Removal of the
second pivaloyl group is faster than removal of the first because of the ability of the o-
hydroxyl group in the monopivaloyl compound (116) to act as an acid catalyst. It has been
reported that hydrolysis of catechol monoacetate is 500 times faster than that for catechol
diacetate and 700 times faster than the hydrolysis of phenyl acetate.118 It is suggested that
this is due to the inductive and resonance effects of an oxygen atom in the o-position and the

possibility of intramolecular hydrogen bonding.
In another reaction, the solvent, ethanol was removed under vacuum. The product was

extracted into dichloromethane and the dichloromethane solution was washed with water to
remove traces of sodium borohydride. The product (115) was isolated in 40% yield.
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D HO_ H
C_O C IT CH2 CH2 COOC2H5 H—6_
AN Yot e §
) @ (Nﬁm THO Na0H>
e 2
H-U (115)
HO_ H
D/ VN CH,—CH,—COOC, Hs
adiae
- (116) -
HO_ H

H2C
HO
\O (117)

The N-benzyl group of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate (115) was removed by hydrogenation catalysed by 10%
palladium on activated charcoal in ethanol109 at atmospheric pressure and room temperature
to yield ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107).

f T 7
>—C—0 CII—CHZ--rsIJ—CHz"CHz—C —0—CH,-CH;
D/H CH2_© Pd-C / H, / ethanol
;}—C——O
4
(115)
0 OH 0
Il
c—0 ]C_CH2 —NH—CH, —=CH;—C— 0—CH;-CH;
o
c—0
b (107)

Compound (107) was characterised by !H NMR, 1H-1H COSY and 13C NMR
spectroscopy, IR spectrometry, elemental analysis and mass spectrometry. The peaks in the
1H NMR (CDCl3) spectrum at 8y 1.26 (t, Jyg=7.1 Hz, 3H) for (-CH3) and oy 4.14 (q,
Juu=7.1 Hz, 2H) for (-COO-CHy-) are for the ethyl ester. Other peaks include &gy 4.67 (dd,
Jgu=9.1, Jyug=3.4, 1H) for [-C(OH)-H], 2.49 (t, Jyg=6.4 Hz, 2H) for (-CH,-COO-),
2.66 (dd, Jgem=12.2, Jyy=9.1, 1H) for [-HC(OH)-CHAHp-N-] and 2.84-3.00 (m, 3H) for
(-HC(OH)-CHaHg-N-CH»-CH»-).
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Assignments of peaks at 8y 2.49, 2.66 and 2.84-3.00 were made with the help of a 1H-1H
COSY spectrum. The signal from [-C(OH)-H] at Oy 4.67 (dd) has a cross-peak connection
to the signal at 8y 2.66 (dd) [-HC(OH)-CHAHg-N-], which is connected to the multiplet at
3y 2.84-3.00 [-HC(OH)-CHAHEB-N-]. The multiplet at 2.84-3.0 is further connected to the
signal from triplet at 8y 2.49 for (-CH2-COO0-) which confirm that (-N-CH3-CHp>-) is also
part of the multiplet. The !H-IH COSY spectrum is shown in Figure 2.6a and an expansion
of the COSY spectrum is shown in Figure 2.6b.

Assignments in the 13C NMR (CDCl3) spectrum for (107) were confirmed by the 13C
DEPT experiment in which the quaternary carbons at d¢ 38.6 for [-C(CH3)3], 141.2, 141.5,
142.3 for (aromatic C), 172.5 for (COO ethyl ester), 175.7 (Bu!COO) and 175.8 (Bu!COO)
disappeared from the spectrum. Methyl and methine carbons were phased upright [14.1 for
(-CHj3), 70.6 for -HC(OH)-] and all the methylene carbons phase downwards in the
spectrum. !H and 13C NMR assignments of compound (107) in CDCl3 are shown in
Figure 2.7.

The IR (KBr) spectrum shows absorbances at 3506 cm-! for (broad, -OH), 1759 cm™1 for
(C=0, pivaloyl ester) and 1734 cm™! for (C=0, ethyl ester). The structure (107) was also
supported by elemental analysis and mass spectrometry (Cl, NH3) which showed an M +
H*) ion at 438.2492 (M + H*). The mass spectrum fragmentation pattern is shown in
Scheme 2.12.
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Figure 2.6a: 1H-1H COSY spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107)
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Scheme 2.12: Mass spectral fragmentation (CI, NH3) and EI pattern of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107)
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Figure 2.7: !H-NMR and I3C.NMR assignments of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in (CDCl3).
Aliphatic -OH and -NH- groups are between 8y 2.2-3.4.
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2.6 COMPARISON OF o6y VALUES OBTAINED FOR DIPIVALOYL
ETHYL ESTER (107), DIHYDROXY ETHYL ESTER (74, R=Et)
AND DIHYDROXY ACID (74, R=H) by IH NMR SPECTROSCOPY

The !H NMR data for the dihydroxy ethyl ester (74, R=Et), dihydroxy acid (74, R=Et) and
in dipivaloyl ethyl ester (107) are given in Table 2.1.

The ethyl ester in both the soft-drug (74, R=Et) and pro-soft-drug (107) appear
approximately at the same chemical shifts [0y ~1.25 (Jgg=~7.10, -CH3) and ~4.20

(Jgu=~7.10, -COO-CH2-)].

Aromatic protons in the soft-drug (74, R=Et) and its hydrolysis product (74, R=H) appears
approximately at the same chemical shifts, 65 ~6.90 (dd, Jortho=~8.3, Jmeta="2.0 Hz, H¢-
aromatic), dy ~6.97 (d, Jortho=~8.3 Hz, Hs-aromatic) and 8y ~7.00 (d, Jmeta=~2.0 Hz, Hp-
aromatic). In contrast for pro-soft-drug (107) the aromatic protons are slightly downfield
due to the deshielding effect of the carbonyl of the pivaloyl groups, dx 7.19 (dd, Jortho=8.3,
Jmeta=1.7 Hz, Hg-aromatic), 8y 7.08 (d, Jortho=8.2 Hz, Hs-aromatic) and 8y 7.15 (d,
Jmeta=1.7 Hz, Hp-aromatic).

In pro-soft-drug (107) the -CH-COO- methylene group appears at dy 2.49 (t, Jyg=6.4
Hz), the methylene group in (-NH-CH2-CH-COO) appears as a multiplet between 0y 2.84-
3.00, -C(OH)-CHAHB-N- appears as doublet of doublets at 8y 2.66 (Jgem=12.2, Jyu=9.1
Hz) and [-C(OH)-CHaHg-N-] group is under the multiplet at 6y 2.84-3.00. All of these
groups in soft-drug (74, R=Et) and its hydrolysis product (74, R=H) appear approximately
0.4 ppm downfield due to protonation of the amine in the molecule (Table 2.1).
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H_ _OH
R0 C___NH-CH,—CH;—COOR;
RO
Dihydroxy acid HCl | Dihydroxy ethyl ester Dipivaloyl ethyl ester
. (107, Ry=Et,
Protons (74, R1=R»=H) in HCIl (74, Ry=Et, Ry= -COC(CH3)3]
DZ_O R2L=H) in DgO in CDCl3
_COO-CHy-CHs _ 51.27 51.26
(t, Jypr= 7.10 Hz) (t, Juy=7.13 Hz)
-COO-CH»- — d4.21 54.14
(q, Jgy= 7.10 Hz) (q, Jyp=7.14 Hz)
-CHp-COO- 52.91 52.89 52.49
(t, Jyg= 6.6 Hz) (t, Jyg= 6.7 Hz) (t, Jyy= 6.4 Hz)
5 2.66
_C(OH)_CHAHB_N_ 5 3.22-3.42 (m) 53.28-3.36 (m) (dd, Jgem= 12.2, JI‘{H=
[-C(OH)-CHp-N-] [-C(OH)-CHy-N-] 9.1 Hz)
_C(OH)_CH Hr-N- S — 2.84-3.0 (peaks under
the multiplet)
-NH-CHo-CH2-COO| 53 43.3.52 (m) 8 3.36-3.52 (m) 5 2.84-3.0 (m)
-C(OH)-H 54.97 54.96 54.67
(dd, Jyu=8.1,49 Hz) (dd, Jyg=17.9, 5.1 Hz) (dd, Juyp=9.1,3.4 Hz)
56.91 5 6.88 67.19
Hg-aromatic proton (dd, Jortho= 8.3, (dd, Jortho= 8.3, (dd, Jortho= 8.3,
Jmeta-:' 2.0 I_IZ) Jmem= 1.9 HZ) Jme[a= 1.7 HZ)
Hs-aromatic proton 56.99 56.96 57.08

(d, Jortho': 8.3 Hz)

(d, Jorthoz 8.1 I{Z)

(d, JorlhO: 8.2 HZ)

Hp-aromatic proton

57.00
(d, Jmeta= 2.0 Hz)

56.97
(d, Jmeta= 2.0 Hz)

57.15
(d, ]meta': 1.7 I‘IZ)

Ro= BulCO-

5 1.33 (s, 9H) and
1.34 (s, 9H)

Table 2.1: Chemical shifts of dipivaloyl ethyl ester (107), dihydroxy ethyl ester (74, R=Et) and
dihydroxy acid (74, R=H) by 1H NMR spectroscopy
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3.1 INTRODUCTION

TH NMR (250 MHz) and 13C NMR (62.9 MHz) spectra were recorded on a Bruker AC-250
MHz spectrometer with TMS as the internal standard. Mass spectra were recorded at the
Department of Chemistry, University of Swansea (SERC service) on a Micromass 12
instrument at 70 eV and a source temperature of 300 °C. Infra-red spectra were recorded on
a Perkin-Elmer 1310 infrared spectrometer, or Unicam Mattson 2020 or 3000 FTIR
Spectrometer Galaxy Systems. Melting points were measured on either a Electrothermal
digital melting point apparatus, or a Kofler Reichert-Jung hot stage of Cambridge
Instruments and are not corrected. TLC was performed using DC-Plastikfolien Kieselgel 60
F254 containing a fluorescent indicator. Spots were visualised under 254 nm UV light and/or
with the aid of iodine. Silica gel Merck C 60-H (40-60 um) was used for flash
chromatography. Elemental analyses were recorded at Butterworth Laboratories Ltd.,
Middlesex.

3.1.1 Correlated spectroscopy in 1H NMR (1H-1H COSY):

By NMR, with suitable pulse sequences it is possible, in a single, rather extended
experiment, to reveal all the coupling relationships in a molecule. This is then plotted in a
three-dimensional plot, either as a stacked plot, or, more usually, as a contour plot. The
result is called COrrelated SpectroscopY (COSY).

Figure 3.1 shows the conventional H spectrum and a COSY plot in the contour form 1,3-
dinitrobenzene. The lines are contours from the third dimensional, representing intensity.
The conventional spectrum can be seen along the diagonal, marked with a line, and the cross-
peaks identify nuclei that are coupled to each other. Thus the signal from Hy at the bottom
left of the diagonal has a cross-peak connecting it (dashed lines) to the signal from Hy 6, and
the signal from Hy ¢ is further connected (dashed lines) by a cross-peak to the signal from
Hs.

The cross-peaks themselves contain the coupling constants, but not the full multiplicity.
Whereas the signal of Hs on the diagonal is a triplet, viewed both from the abscissa looking
up or, but less clearly, from the ordinate looking to the right, the cross-peaks do not have the
centre line. This also occurs with quintets, but doublets and quartets remain as doublets and
quartets in the cross-peak. COSY spectra can be obtained to emphasize long range coupling.
The planes used to define the contours have to be chosen wisely, if all the cross-peaks are to
be displayed. Sometimes as much effort has to go into preparing data for presentation as into
taking spectra.
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In the case of 1,3-dinitrobenzene, the couplings are all evident and analysable in the
conventional spectrum, but in more complicated cases it is very valuable to be able to see
where all the couplings are without the need to carry out separate decoupling experiments for
all the possible connections. Furthermore, when two (or more) signals have very similar
chemical shifts, irradiation of one of the signals inevitably hits the other at the same time, and
we are then unable to tell from the decoupling observed which protons are coupled. COSY
spectra are not as limited in this way; as long as the signals are resolved, the cross-peaks can

be associated accurately with one or the other of a closely spaced pair.

HZ HA‘ 6 H5

~ Figure 3.1: Typical COSY spectrum obtained from 1,3-dinitrobenzene.

3.1.2 Distortionless Enhancement by Polarisation Transfer in 13C NMR
(13C DEPT):

The 13C NMR DEPT spectrum distinguish between methyl or methine, methylene and
quaternary carbon atoms. In the 13C NMR DEPT spectrum methyl or methine carbon peaks
remain upright, methylene carbons are phased negative, whereas quaternary carbons are
absent from the spectrum. Figure 3.2 [A] shows a diagram of 13C NMR DEPT spectra of
ethyl N-[2'-(3",4"-dihydroxypheny!)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et). In
the 13C NMR DEPT spectrum (Figure 3.2 [B]), the methyl carbon at 8¢ 14.5 (-CH3),
methine carbon at 69.5 [-C(OH)-] and aromatic C-H carbons at 115.1, 117.6 and 119.8

remain phased positive.
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The methylene carbons at 8¢ 31.4 (-CHp-COO-), 44.3 (-N-CH»-CH3-), 54.3 [-C(OH)-
CH»-N-] and 63.7 (-COO-CH»>-) phased negative in the 13C NMR DEPT spectrum. The
quaternary carbons at 8¢ 133.3, 145.5 and 145.6 (aromatic C) and 173.7 (-COO-) are absent
in the 13C NMR DEPT spectrum.
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Figure 3.2: A diagram of the 13C NMR and 13C DEPT spectrum (D70) of ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2"-hydroxyethyl]-3-aminopropionate (74, R= Et).
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3.2 SYNTHESIS OF ALKYL ESTERS OF 3-BROMOPROPIONATE

3.2.1 Propyl 3-bromopropionate (68, R= n-Pr):

A solution of 3-bromopropionyl chloride (5.0 g, 29.2 mmol) was stirred in dry
dichloromethane (75 ml) in an ice bath. Anhydrous n-propanol (1.75 g,2.2ml, 29.2 mmol)
and triethylamine (2.95 g, 4.1 ml, 29.2 mmol) were dissolved in dry dichloromethane (10
ml) and added dropwise to the reaction mixture over a period of 30 min. The reaction was
further stirred at room temprature for 2 hr. Dry ether was added to precipitate the
triethylammonium hydrochloride which was removed by filtration from the reaction mixture,
and the filtrate was evaporated under vacuum to give an oil. The product was isolated by
flash chromatography eluting with ethyl acetate-hexane (1:3, Rf 0.62) to yield a pale yellow
oil (3.2 g, 16.4 mmol, 56%). No alkene was detected in the product.

1H NMR (CDCl3): 8 0.96 (t, Jyn=7.4 Hz, 3H, -CH3), 1.68 (sextet, Jyu=7.1 Hz, 2H,
-CH»-CH3), 2.92 (t, Jyu=6.8 Hz, 2H, -CH,-C00), 3.59 (t, Jun=6.8 Hz, 2H, Br-CH2-)
and 4.10 (t, Jyg=6.7 Hz, 2H, -COO-CHy-).

13C NMR (CDCl3): & 10.3 (-CHz3), 21.9 (-CH2-CH3), 25.9 (-CH,-CO0), 37.7 (Br-CHo-),
66.5 (-COO-CHp-) and 172.7 (C=0).

IR (neat): 1738 cm™1 (COO).

3.2.2 Butyl 3-bromopropionate (68, R= n-Bu):

A solution of 3-bromopropionyl chloride (5.0 g, 29.2 mmol) in dry dichloromethane (75 ml)
was stirred in an ice bath. A solution of anhydrous n-butanol (2.16 g, 2.67 ml, 29.2 mmol)
and triethylamine (2.95 g, 4.1 ml, 29.2 mmol) in dry dichloromethane (10 ml) was added
dropwise to the reaction mixture over a period of 30 min. The reaction was further stirred at
room temprature for 2 hr. Dry ether was added to precipitate the triethylammonium
hydrochloride which was removed by filtration from the reaction mixture, and the filtrate was
evaporated under vacuum to give an oil. The product was isolated by flash chromatography
eluting with ethyl acetate-hexane (1:3, Rf 0.65) to yield a pale yellow oil (4.96 g, 23.7
mmol, 81%).

1H NMR (CDCl3): & 0.83 (t, Jyu=7.3 Hz, 3H, -CHjz), 1.33 (appears as a sextet with an
average Jyn=7.4 Hz, 2H, -CHy-CH3), 1.57 (appears as a pentet, JHH=6.9 Hz, 2H, -CHa>-
CH,-CH3), 2.86 (t, Jyu=6.8 Hz, 2H, -CH,-C00), 3.52 (t, Jyn=6.8 Hz, 2H, Br-CHz-)
and 4.08 (t, Jup=6.5 Hz, 2H, -COO-CH2-).
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13C NMR (CDCl): & 13.5 (-CH3), 19.0 (-CH»-CH3), 25.9 (-CH,-COO0), 30.5 (-COO-
CH»-CH»-), 37.6 (Br-CHy-), 64.5 (-COO-CHj5-) and 170.4 (C=0).

IR (neat): 1739 cm-! (COO).

There is a 15% impurity of alkene (CH2=CH-COO-CH2-CH2—CHQ-CH3) caused by the
elimination of HBr.

Data for alkene group:

OH 5.76 (dd, 1H, Ha), 6.08 (dd, 1H, Hc) and 6.37 (dd, 1H, Hp).

5C 128.5 (CH2=CH-COO-) and 130.3 (CH=CH-COO-).

Hb\ / HC
c=c{
H,” COO-n-butyl

3.3 SYNTHESIS OF ALKYL ESTERS OF N-BENZYL-3-
AMINOPROPIONATE

3.3.1 Methyl N-benzyl-3-aminopropionate!10 (64, R= Me):

A solution of methyl 3-bromopropionate (5.0 g, 30 mmol), benzylamine (6.42 g, 6.5 ml, 60
mmol) and tetrahydrofuran (40 ml) was stirred at 40 °C for one hour. Dry ether was added
to precipitate the benzylammonium hydrochloride which was removed by filtration. The
filtrate was evaporated under vacuum to yield an oil (4.0 g). The oil was purified by flash
chromatography with ethyl acetate (Rg 0.38) as eluent to yield a viscous colourless oil (3.78
g, 19.56 mmol, 65 %).

TH NMR (CDCl3): & 1.68 (s, 1H, -NH-), 2.52 (t, Jyu=6.5 Hz, 2H, -CH,-COO0-), 2.88 (t,
JHH=6.5 Hz, 2H, -N-CH>-CHj-), 3.66 (s, 3H, -OCHj3), 3.79 (s, 2H, -CH3-Ph) and 7.21-
7.30 (m, 5H, Ph).

13C NMR (CDCI3): 8 34.5 (-CH,-COO-), 44.4 (-N-CH»-CHj»-), 51.5 (-OCH3), 53.7 (-
CHj-Ph), 126.9, 128.0, 128.3 (aromatic CH), 140.1 (aromatic C) and 173.1 (C=0).

IR (neat): 3325 cm! (N-H), 1735 cm-! (COO), 1454 and 1439 cm-1 (C=C).
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3.3.2 Ethyl N-benzyl-3-aminopropionate!10 (64, R= Et):

A solution of ethyl 3-bromopropionate (5.0 g, 28 mmol), benzylamine (5.92 g, 6.0 ml, 56
mmol) and toluene (25 ml) was stirred at 40 °C for one hour. Precipitated benzylammonium

hydrochloride was removed by filtration. The filtrate was evaporated under vacuum to yield
an oil (4.4 g). The oil was purified by flash chromatography with ethyl acetate (R 0.39) as
eluent to yield a viscous colourless oil (4.0 g, 19.30 mmol, 77 %).

IH NMR (CDCl3): & 1.25 (¢, Juu=7.1 Hz, 3H, -CH3), 1.72 (s, 1H, -NH-), 2.52 (,
JHH=6.4 Hz, 2H, -CH2-COO-), 2.90 (t, Jyg=6.4 Hz, 2H, -N-CH2-CH3-), 3.80 (s, 2H,
-CH2-Ph), 4.12 (q, Jyu=7.1 Hz, 2H, -COO-CH>-), and 7.2-7.4 (m, 5SH, Ph).

13C NMR (CDCl3): & 14.2 (-CH3), 34.8 (-CHp-COO-), 44.5 (-N-CH3-CHj»-), 53.8 (-CHj-
Ph), 60.4 (-COO-CHy-), 126.9, 128.1, 128.4 (aromatic C-H), 140.2 (aromatic C) and
172.8 (C=0).

3.3.3 Propyl N-benzyl-3-aminopropionate!10 (64, R= n-Pr):

A solution of propyl 3-bromopropionate (1.4 g, 7.18 mmol), benzylamine (1.54 g, 1.6 ml,
14.4 mmol) and tetrahydrofuran (20 ml) was stirred at 40 °C for one hour. Dry ether was
added to precipitate the benzylammonium hydrochloride which was removed by filtration.
The filtrate was evaporated under vacuum to yield an oil (1.6 g). The oil was purified by
flash chromatography with ethyl acetate (R¢ 0.39) as eluent to yield a viscous colourless oil
(1.46 g, 6.6 mmol, 92 %).

IH NMR (CDCl3): § 0.92 (t, Jug=7.4 Hz, 3H, -CH3), 1.63 (appears as a sextet, Jgyg=7.2
Hz, 2H, -CH3-CH3), 2.20 (broad s, 1H, -NH-), 2.53 (t, Jyg=6.4 Hz, 2H, -CH,-COO0),
2.89 (1, Jyy=6.4 Hz, 2H, -NH-CH-CH>-), 3.79 (s, 2H, -NH-CH»-Ph), 4.03 (t, Jyg=6.7
Hz, 2H, -COO-CH3-) and 7.20-7.35 (m, 5H, Ph).

13C NMR (CDCl3): § 10.3 (-CH3), 21.9 (-CH,-CH3), 34.7 (-CH,-COO), 44.4 (-NH-CH>-
CHz2-), 53.7 (-NH-CH»-Ph), 65.9 (-COO-CHj-), 126.8, 128.0, 128.3 (aromatic CH),
140.1 (aromatic C) and 172.8 (C=0).

IR (neat): 3338 cm-1 (N-H), 1732 cm-! (COQ), 1454 and 1178 cm’! (C=C).
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3.3.4 Butyl N-benzyl-3-aminopropionate!10 (64, R= n-Bu):

A solution of butyl 3-bromopropionate (4.63 g, 22.1 mmol), benzylamine (4.75 g, 4.8 ml,
44.3 mmol) and tetrahydrofuran (50 ml) was stirred at 40 °C for one hour. Dry ether was
added to precipitate the benzylammonium hydrochloride which was removed by filtration.
The filtrate was evaporated under vacuum to yield an oil (4.5 g). The oil was purified by
flash chromatography with ethyl acetate (Rf 0.40) as eluent to yield a viscous colourless oil
(4.2 g, 17.8 mmol, 81 %).

IH NMR (CDCl3): & 0.92 (t, Jyg=7.3 Hz, 3H, -CH3), 1.36 (appears as a sextet with an
average Jyy=7.4 Hz, 2H, -CH»-CH3), 1.57 (appears as a pentet with an average Jyg=7.1
Hz, 2H, -CH»-CH7-CH3), 1.67 (broad s, 1H, -NH-), 2.52 (t, Jyg=6.4 Hz, 2H, -CHj-
CO0), 2.89 (t, Jyg=6.4 Hz, 2H, -NH-CH>-CH>-), 3.79 (s, 2H, -NH-CH2-Ph), 4.07 (t,
Jyu=6.6 Hz, 2H, -COO-CHj3-) and 7.20-7.35 (m, 5H, Ph).

13C NMR (CDCl3): 8 13.6 (-CH3), 19.1 (-CH2-CH3), 30.6 (-CH2-CH2-CH3), 34.7 (-
CH»>-CO0Q), 44.5 (-NH-CH?2-CH?2-), 53.7 (-NH-CH?2-Ph), 64.2 (-COO-CH?2-), 126.8,
128.0, 128.3 (aromatic CH), 140.1 (aromatic C) and 172.8 (C=0).

IR (neat): 3327 cm-l (N-H), 1732 cm-! (COO), 1454 and 1176 cm"! (C=C).

3.4  SYNTHESIS OF a-CHLOROACETOPHENONE ANALOGUES

3.4.1 3,4-Dihydroxy-o-chloroacetophenonelll (75):

A solution of catechol (55 g, 0.50 mol), chloroacetyl chloride (65g, 46 ml, 0.575 mol) and
phosphorus oxychloride (4.75g, 3.0 ml, 0.031 mol) in toluene (75 ml) was heated under
reflux for 40 h. The dark purple reaction mixture was filtered and the precipitate was

dissolved in 10% acetic acid in water (400 ml). Charcoal was added, the solution was heated
for 5 to 10 min at 80 °C and it was then filtered through celite. The filtrate was concentrated

to give pale purple crystals of 3,4-dihydroxy-o-chloroacetophenone (25g, 0.134 mol, 27%),
mp. 173 °C (lit. 173-175 °C).111

IH NMR (CDCl3): 8 4.67 (s, 2H, -CH>-), 6.92 (d, Jortho=8.3 Hz, 1H, aromatic-Hs), 7.40

(dd, ]metazz.l Hz and ]Or[ho=8.3 HZ, IH, aromatiC-H6), 7.52 (d, Jme[a=2.1 HZ, 1H,
aromatic-H») and 8.32 (broad s, 2H, -OH).
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3.4.2 1,2-Diacetoxybenzene!l7 (108):

1,2-Dihydroxybenzene (1.0 g, 9.1 mmol) was dissolved in aqueous 3M sodium hydroxide
solution (20 ml). Crushed ice (10-20 g) was added to the solution followed by acetic
anhydride (1.85 g, 1.72 ml, 18.0 mmol). The mixture was shaken vigorously for 30 to 60
seconds. 1,2-Diacetoxybenzene separated out as a precipitate which was collected by

filtration and recrystallised from ethanol, to yield crystals of diacetoxybenzene (50%), m.p.
61.5-62 °C, lit. 65 °C.117

IH NMR (CDCl3): 8 2.29 (s, 6H, -OCOCH3) and 7.18-7.29 (m, 4H, Ph).

3.4.3 3,4-Dimethoxy-c.-chloroacetophenonelll (84):

Dimethoxybenzene (5.42 g, Sml, 39.3 mmol) was heated under reflux with chloroacetyl
chloride (6.40 g, 4.53 ml, 56.7 mmol) and phosphorus oxychloride (0.47g, 1.3 ml, 3.06
mmol) in 8 ml of toluene for 50 h. The dark brown reaction mixture was filtered, and the
filtrate was concentrated under vacuum. The product was isolated by flash chromatography
using ethyl acetate-hexane (1:1.5, Rg 0.25) as eluent, to give a solid, which was crystallised
from ethyl acetate-hexane (mp. 98-99 °C).

IH NMR (CDCI3): 8 3.95 (s, 3H, -OCH3), 3.97 (s, 3H, -OCH3), 4.68 (s, 2H, -CH3-Cl),
6.92 (d, Jortho=8.3 Hz, 1H, Hs-aromatic), 7.54 (d, Jmeta=2.0 Hz, 1H, Hp-aromatic) and
7.58 (dd, Jortho=8.4 and Jeta=2.0 Hz, 1H, Hg-aromatic).

IR (KBr): 1689 cm1 (C=0), 1511 and 1465 cm-! (C=C), and 1255 cm’! (C-O-C).

3.4.4 Attempted synthesis of 3,4-dibenzyloxy-a-chloroacetophenone!l2 (80):

To a stirred mixture of finely powdered anhydrous potassium carbonate (0.74 g, 5.36 mmol)
and 3,4-dihydroxy-a-chloroacetophenone (0.5 g, 2.68 mmol) in acetone (Sml), was added
benzyl bromide (0.92 g, 0.64 ml, 5.36 mmol) in acetone (5 ml). The mixture was heated
under reflux for 3 h after which time the reaction mixture was cooled, filtered and evaporated
under vacuum. The residue was extracted with ether, the ethereal layer was evaporated and
the product isolated by flash chromatography using ethyl acetate-hexane (1:1, Rf 0.36) as
eluent to give a white solid, which was recrystallised with ethyl acetate-hexane. The product
was not the title compound. Instead the NMR data is consistent with a monobenzylated
derivative, most likely 3-benzyloxy-4-hydroxy-a-chloroacetophenone (81). 3-Benzyloxy-
4-hydroxy-a-bromoacetophenone (82), the product of halide exchange, was also formed.
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IH NMR (CDCl3): & 4.45 (s, 2H, -CH2-Br), 4.65 (s, 2H, -CH2-Cl), 5.2 (s, 2H, -O-CHz2-
Ph), 5.78 (s, 1H, -OH), 6.98 (d, Jortho=8.0 Hz, 1H, Hs-aromatic), 7.32-7.58 (m, 7H,
aromatic).

IR (KBr): 3505 cm! (OH), 1687 cm~! (C=0), 1511 and 1611 (C=C) cm™1, and 1268 and
1143 cm™! (C-0-0).

3.4.5 3,4-(1',1',3',3'-Tetra-t-butyldisiloxane)dioxy-a-chloroaceto-
phenone!l4 (93):
A mixture of 3,4-dihydroxy-a-chloroacetophenone (1.0 g, 5.36 mmol) and 1-
hydroxybenzotriazole (0.073 g, 0.536 mmol, dried overnight at 0.5 mm Hg at 25 °C ) was
stirred in acetonitrile (10 mi) at 65 °C. A solution of di-#-butyl dichlorosilane (1.26 g, 5.89
mmol) and triethylamine (2.71 g, 3.74 ml, 26.8 mmol) in acetonitrile (10 ml) was added
dropwise to the reaction mixture over a period of 15 min. After 10 minutes, a white
precipitate was formed and the reaction was complete within 0.5 h. The reaction mixture
was partitioned between water and dichloromethane. The dichloromethane layer was dried
and evaporated under vacuum to give an thick oil. Hexane was added to precipitate the
impurities, which were removed by filtration and the filtrate was evaporated under vacuum.
3,4-(1',1',3",3"-Tetra-t-butyldisiloxane)dioxy-o-chloroacetophenone was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:20, Ry 0.38) to yield a colourless oil
(1.14 g, 2.1 mmol, 74.5%).

IH NMR (CDCl3): & 1.10 s, 36H, (CH3)3C-Si], 4.68 (s, 2H, -CO-CH2-Cl), 6.96 (d,
Jortho=38.3 Hz, 1H, Hs-aromatic), 7.49 (dd, Jortho=8.3 and Jmeta=2.2 Hz, 1H, Hg-aromatic)

and 7.54 (d, Jmeta=2.2 Hz, 1H, Hp-aromatic).

13C NMR (CDCl13): & 21.3 [(CH3)3C-Si], 27.9 [(CH3)3C-Si], 45.7 (-CO-CH>-Cl), 121.6,
121.9, 123.3 (aromatic CH), 128.7, 146.1, 151.3 (aromatic C) and 193.3 (C=0).

IR (KBr): 1698 cmr! (C=0), 1509 cm-! (C=C) and 1319 cm’! (Si-O-C).

Elemental analysis: Calculated for C24H41Cl04Si: C, 59.41; H, 8.52 %. Found: C, 60.24;
H, 7.89%.

Mass spectrum (CI, NH3): observed mass for Cp4H41Cl104Si7 m/e 485.0 (M, 100% 35QD,
487 (M+, 45% 37C]) and 451 (M* - Cl, 50%).
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3.4.6 3,4-Diphenylmethylenedioxy-ot-(:hloroacetophenone116 (102):
3,4-Dihydroxy-a-chloroacetophenone (1.6 g, 8.43 mmol) was added to a,o-
dichlorodiphenylmethane (2.0 g, 8.43 mmol) and heated to 170 °C with stirring. After 15
min at 170-180 °C, the reaction mixture was cooled and then extracted with hexane to
remove the unreacted dichlorodiphenylmethane. The product was isolated by flash
chromatography using ethyl acetate-hexane (1:1, Rf 0.68) as eluent to give 3,4-
diphenylmethylenedioxy-c.-chloroacetophenone as a colourless solid (2.4 g, 6.84 mmol,
81%), mp. 91.0-92.5 °C.

IH NMR (CDCl3): 8 4.61 (s, 2H, -CH-Cl), 6.94 (d, Joriho=8.1 Hz, 1H, Hs-aromatic),
7.35-7.45 (m, 6H, aromatic) and 7.50-7.60 (m, 6H, aromatic).

13C NMR (CDCl3): 8 45.6 (-CH,-Cl), 125.0, 126.1, 128.3, 128.8, 129.4 (aromatic CH),
108.2, 108.4, 139.3, 147.4, 152.3 (aromatic C), 193.0 (-CO-).

IR (KBr): 1697 cm-! (C=0), 1616 and 1498 cm-1 (C=C), and 1257 and 1216 cm™! (C-O-
o).

3.4.7 3.4-Diacetoxy-ca-chloroacetophenonel09 (109):

A stirred solution of 3,4-dihydroxy-a-chloroacetophenone (2.0 g, 10.7 mmol), triethylamine
(2.17 g, 3 ml, 21.4 mmol) and anhydrous THF (10 ml) was cooled in an ice bath. Acetic
anhydride (2.18 g, 2.0 ml, 21.4 mmol) was added dropwise to the reaction mixture over a
period of 10 min. After 3 h, the solvent was removed by evaporation under vacuum and the
residue was recrystallised with ethyl acetate-hexane to give 3,4-diacetoxy-o.-
chloroacetophenone (2.5 g, 10.5 mmol, 97%), mp. 115 °C.

IH NMR (CDCl3): 8 2.33 (s, 6H, -OCOCH3), 4.67 (s, 2H, -CHp-Cl), 7.35 (d, Jortho=8.4
Hz, 1H, Hs-aromatic), 7.81 (d, Jmeta=2.1 Hz, 1H, Hp-aromatic) and 7.86 (dd, Jortho=38.5
and Jmeta=2.1 Hz, 1H, Hg-aromatic).

IR (KBr): 1769 cm! (C=0 ester), 1706 cm™! (C=0 keto), 1501 and 1422 cm-1 (C=C), and
1210 cmr'! (C-O-C).

3.4.8 3,4-Dipivaloyloxy-o-chloroacetophenonel09 (113):

A stirred solution of 3,4-dihydroxy-a.-chloroacetophenone (5.4 g, 28.9 mmol) and
triethylamine (5.86 g, 8.07 ml, 57.9 mmol) in anhydrous THF (50 ml) was stirred in an ice
bath. Pivaloyl chloride (6.98 g, 7.13 ml, 57.9 mmol) was added dropwise to the reaction
mixture over a period of 10 min. The triethylammonium hydrochloride precipitate was
removed by filtration. The filtrate was evaporated under vacuum to give a solid (9.5 g).
Compound (113) was purified by flash chromatography eluting with ethyl acetate-hexane
(1:4, Rf 0.32) (9.0 g, 25.4 mmol, 88%), m.p. 62.5 °C.
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IH NMR (CDCl3): & 1.36 (s, SH, ButCOO0), 1.37 (s, 9H, BulCOO0), 4.68 (s, 2H, -CO-
CH3-Cl), 7.28 (d, Jortho=8.5 Hz, 1H, Hs-aromatic ), 7.74 (d, Jmeta=2.1 Hz, 1H, Hp-
aromatic) and 7.83 (dd, Jmeta=2.1 and Jortho=8.5 Hz, 1H, Hg-aromatic).

13C NMR (CDCl3): 8 27.1 [-C(CH3)3), 27.2 [-C(CH3)3], 39.2 [-C(CH3)3], 39.3 [-
C(CH3)3], 45.7 (-CO-CH»-Cl), 123.9, 124.0, 126.7 (aromatic C-H), 132.3, 143.1, 147.4
(aromatic C), 175.3 (BulC0O), 175.6 (BuCOO) and 189.3 (-CO-CH2-Cl).

Elemental analysis: Calculated for C1gH2305Cl: C, 60.93; H, 6.53%. Found: C, 60.62; H,
6.39%.

Mass spectrum (CI, NH3): calculated mass for CygH27NO5Cl1 372.15778 (M + NHg").
Observed accurate mass is 372.1578 (M + NHg*).

Mass (CI, NH3): m/z 372 [(M + NHgt), 35C1, 100%}, 374 [(M + NHg4%), 37Cl, 35%] and
338 [(M + NHg*) - Cl, 89%].

Mass spectrum (EI, NH3): m/z 57 [(CH3)3C*, 100%] and 85 [(CH3)3CC=0%, 35%].

3.5 Product (53) isolated from the reaction between ethyl bromoacetate and
1-phenyl-2-aminoethanol109:

A solution of ethyl bromoacetate (1.22 g, 0.81 mi, 7.28 mmol) and triethylamine (0.81 g,
1.12 ml, 8.02 mmol) in anhydrous THF (10 ml) was stirred in an ice bath. A solution of 1-
phenyl-2-aminoethanol (1.0 g, 7.28 mmol) was dissolved in anhydrous THF (5 ml) and
added dropwise to the reaction mixture, over a period of 15 min. The reaction was complete
in 3 h and the product (53), which was formed in good yield was isolated by flash
chromatography by elution with ethyl acetate (R¢ 0.37) to give a colourless viscous oil. It's
structure (53) was assigned by 1H-NMR, 'H-1H COSY, 13C-NMR, 13C-DEPT

spectroscopy and elemental analysis:

IH NMR (CDCl3): § 1.26 (t, Juu=7.1 Hz, 3H, -C3'H3), 1.27 (t, Jyn=7.1 Hz, 6H, -C14H3
and -C14'H3), 2.60 (dd, Jgem=13.6, Jyu=10.1 Hz, 1H, C4'-Hp), 2.80 (dd, Jgem=12.5,
Jyu=10. Hz, 1H, C8-He), 3.13-3.21 (m, 2H, C4'-Hy and C8-Hg), 3.35 (s, 2H, -O0C-
CHjy-N-), 3.45 (d, Jug=17.3 Hz, 1H, C10-Hy), 3.60 (dd, Jun=18.2, Jun=17.3 Hz, 4H,
Cl0.Hy , C10-H, and -C2H>-), 3.82 (dd, Juu=17.3, Jun=1.6 Hz, 1H, C10-Hy), 4.18 (q,
Juu=7.1 Hz, 6H, -COO-CHp-), 4.67 (dd, Jyu=10.0, Jyn=2.9 Hz, 1H, CS5'-H), 5.56 (dd,
Juu=10.0, Jyu=3.4 Hz, 1H, C7-H), 7.2-7.4 (m, 10H, Ph) and -OH between 4.40-4.80
(broad s, 1H),

121




CHAPTER THREE: Synthesis of soft B-adrenoceptor agonists

13C NMR (CDCl3): 8 14.1 (-CH3, C14 and C!4), 53.7 (C2), 55.3 (C%), 55.8 (C10 and
Cl10Y, 56.6 (C4), 60.8 (C2, C13 and C13Y), 63.7 (C8), 70.4 (C5), 80.8 (C7), 125.8, 125.9,
127.3, 128.2, 128.5 and 128.6 (aromatic CH), 136.8 (C7-aromatic), 141.7 (C6-aromatic),
167.2 (C! ester), 169.3 (C3 ester) and 171.7 (C11 and C!! ester).

Elemental analysis: calculated for C3gH49N20g: C, 62.92; H, 7.04; N, 4.89%. Found: C,
63.08; H, 7.19; N, 4.94%.
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3.6 REACTIONS OF a-CHLOROACETOPHENONE WITH ESTERS OF
AMINO ACIDS (EXCLUDING ESTERS OF N-BENZYL-3-
AMINOPROPIONATE)

3.6.1 Methyl N-(benzoylmethyl)prolinel09 (59):

A mixture of L-proline methyl ester (0.52 g, 4.0 mmol), triethylamine (0.45 g, 0.62 ml, 4.4
mmol) and sodium iodide (0.06 g, 0.4 mmol) were stirred in dry THF (5 ml) in an ice bath.
A solution of a-chloroacetophenone (0.62 g, 4.0 mmol) in dry THF (5 ml) was added
dropwise to the reaction mixture over a period of 15 min. The reaction was complete after 3
hr. The reaction mixture was filtered to remove the triethylammonium hydrochloride
precipitate and the filtrate was evaporated under vacuum to give an oil. The product was
isolated by flash chromatography eluting with ethyl acetate (Rf 0.75) to yield a colourless oil
(0.88 g, 3.6 mmol, 88%).

IH NMR (CDCl3): 8 1.8-2.0 (m, 3H, C4-Hj and C3-Hy), 2.10-2.22 (m, 1H, C3-Hp), 2.72
(g, Juu=7.5 Hz, 1H, Cs-Hy), 3.10-3.18 (m, 1H, Cs-Hp), 3.56-3.62 (m, 1H, Cp-H), 3.64
(s, 3H, -OCH3), 4.02 (d, Jgem=17.2 Hz, 1H, -CO-CHAHg-N), 4.31 (d, Jgem=17.2 Hz,
1H, -CO-CHAHg-N), 7.3-7.5 (m, 3H, Ph) and 7.9-8.0 (m, 2H, Ph).

13C NMR (CDCl3): & 23.5 (C4), 29.4 (C3), 51.6 (-CH3), 53.0 (Cs), 58.9 (C7), 64.2 (C),

128.1, 128.4, 129.8, 133.1, 135.6 (aromatic CH), 132.6 (aromatic C), 174.1 (C=0 ester)
and 196.8 (C=0 keto).

C— CHz—N !

C_"'— O— CH3
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3.6.2 Ethyl N-(benzoylmethyl)-3-piperidine carboxylatel09 (61):
A mixture of ethyl 3-piperidine carboxylate (1.0 g, 6.36 mmol), triethylamine (0.71 g, 0.98

ml, 7.0 mmol) and sodium iodide (0.1 g, 6.36 mmol) were stirred in dry THF (5 ml) in an
ice bath. A solution of a-chloroacetophenone (0.99 g, 6.36 mmol) in dry THF (5 ml) was

added dropwise to the reaction mixture over a period of 15 min. The reaction was complete
after 3 h. The precipitate of triethylammonium hydrochloride was removed by filtration from
the reaction mixture, and the filtrate was evaporated under vacuum to give an oil. The
product was isolated by flash chromatography eluting with ethyl acetate (R¢ 0.75) to yield a
colourless oil (1.55 g, 5.6 mmol, 89%).

IH NMR (CDCI3): 8 1.22 (t, Jyu=7.15 Hz, 3H, -CH3), 1.4-1.55 (m, 1H, Cs-Ha), 1.6-1.8
(m, 2H, Cs-Hy, and C4-Hy), 1.96 (m, Jgem=12.55, Jun=3.72 Hz, 1H, C4-Hp), 2.20 (dt,
Jgem=10.5, Jyn=3.9 Hz, 1H, Ce-Ha), 2.38 (dd, Jgem=Juu=10.5 Hz, 1H, Cs-Hp), 2.68 (tt,
Jgu=10.3, Jgu=3.9 Hz, 1H, C3-H), 2.8-2.9 (m, 1H, C2-Hy), 3.05-3.15 (m, 1H, C2-Hy),
3.78 (d, Jyu=16.5 Hz, 1H, -CO-CHAHg-N-), 3.85 (d, Jyu=16.5 Hz, 1H, -CO-CHaHB-
N-), 4.06 (dq, Jgem=10.8 and Jypy=7.2 Hz, 1H, -COO-CHAa-), 4.12 (dq, Jgem=10.8 and
Jgu=7.2 Hz, 1H, -COO-CHg-), 7.35-7.6 (m, 3H, aromatic) and 7.95-8.10 (m, 2H,

aromatic).
IR (neat): 1730 cm~! (C=0 ester) and 1678 cm! (C=0 keto).
13C NMR (CDCl3): 8 13.9 (-CH3), 24.2 (Cy), 26.3 (Cs), 41.4 (C3), 53.6 (Cg), 55.4 (Cp),

60.1 (-COO-CH3-), 64.6 (-CO-CH»-N-), 128.2, 132.9 (aromatic CH), 135.7 (aromatic C),
172.3 (-COO) and 196.4 (-CO-CH2-N-).
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3.6.3 Ethyl aminoethanoate (55):

Ethyl ammoniumethanoate hydrochloride (glycine ethyl ester hydrochloride, 4.0 g, 28.7
mmol) was dissolved in 10 ml of water and neutralised with aqueous ammonia to pH 8.5-9.0
(2 ml). The solution was extracted with dichloromethane and the lower organic layer was
dried with anhydrous molecular sieves and then evaporated under vacuum to yield a
colourless oil (2.61 g, 25.3 mmol, 88.3 %).

1H NMR (CDCl3): & 1.28 (t, Jyp=7.1 Hz, 3H, -CHz3), 1.51 (broad s, 2H, -NH3), 3.43 (s,
2H, -N-CH,-COO-) and 4.18 (q, Jug=7.1 Hz, 2H, -COO-CH2-).

3.6.4 Ethyl N-benzoylmethyl-aminoethanoate!%9 (56):

Ethyl aminoethanoate (1.0 g, 9.7 mmol), triethylamine (1.46 g, 2ml, 14.5 mmol) and
sodium iodide (0.146 g, 0.97 mmol) were stirred in dry THF (10 ml) in an ice bath. A
solution of o-chloroacetophenone (1.5 g, 9.7 mmol) in dry THF (5 ml) and added dropwise
to the reaction mixture over a period of 15 min. The reaction was complete after 3 h. The
reaction mixture was filtered to remove the precipitate of triethylammonium hydrochloride,
and the filtrate was evaporated under vacuum to give an oil. The product was isolated by
flash column chromatography eluting with ethyl acetate (R¢ 0.42) to yield a colourless oil
(1.85 g, 8.4 mmol, 86%).

1H NMR (CDCl3): & 1.28 (t, Juyu=7.2 Hz, 3H, -CH3), 2.4 (broad s, 1H, -NH-), 3.55 (s,
2H, -N-CH5-COO0-), 4.20 (q, Jyu=7.2 Hz, 2H, -COO-CH3-), 4.21 (s, 2H, -CO-CH2-N-),
7.45-7.6 (m, 3H, aromatic) and 7.9-8.0 (m, 2H, aromatic).

13C NMR (CDCLs): & 14.1 (-CH3), 50.2 (-CH2-COO-), 54.9 (-CO-CH2-N-), 60.7 (-COO-
CH»), 127.6, 128.6, 133.4 (aromatic CH), 135.2 (aromatic C), 171.9 (-COO-) and 196.0 (-
CO-CHp-).

IR (KBr): 3360 cm! (N-H), 1745 cm! (C=0 ester), 1700 cm™! (C=0 keto), 1460 and 1380
cm1 (C=0).
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3.7 SYNTHESIS OF ESTERS OF N-(SUBSTITUTED)

BENZOYLMETHYL-N-BENZYL-3-AMINOPROPIONATE

3.7.1 Ethyl N-(benzoylmethyl)-N-benzyl-3-aminopropionate!09 (65, R=Et):
A stirred mixture of ethyl N-benzyl-3-aminopropionate (1.0 g, 4.85 mmol), triethylamine
(0.33 g, 0.45 ml, 3.23 mmol) and sodium iodide (0.049 g, 0.32 mmol) in anhydrous DMF
(10 ml) was cooled in an ice bath. A solution of a-chloroacetophenone (0.5 g, 3.23 mmol)
in anhydrous DMF (10 ml) and was added dropwise to the reaction mixture over a period of
15 min. The reaction was nearly complete in 3 h. The turbid reaction mixture was filtered
and evaporated under vacuum to yield an oil (1.0 g). The product was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:5, R 0.25) to yield ethyl N-
(benzoylmethyl)-N-benzyl-3-aminopropionate as a colourless oil (0.75 g, 2.30 mmol, 72
%).

IH NMR (CDCl3): & 1.12 (t, Jyg=7.1 Hz, 3H, -CH3), 2.51 (t, Jug=6.5 Hz, 2H, -CHp-
COO0-), 3.08 (t, Jyg=6.5 Hz, 2H, -N-CHp-CH2-), 3.82 (s, 2H, N-CH»-Ph), 3.92 (s, 2H,
-CO-CH3-N-), 4.11 (q, Jyu=7.1 Hz, -COO-CHy-), 7.22-7.58 (m, 8H, aromatic) and 7.82-
7.86 (m, 2H, aromatic).

13C NMR (CDCl3): 8 14.2 (-CH3), 33.2 (-CH2-COO-), 50.0 (-N-CH2-CH2-), 58.0 (-N-
CH>y-Ph), 59.4 (-CO-CH-N-), 60.3 (-COO-CH»), 127.1, 128.2, 128.2, 128.3, 129.0,
133.0 (aromatic CH), 135.9, 138.5 (aromatic C), 172.4 (-COO-) and 196.0 (-CO-).

3.7.2 Ethyl N-[(3',4'-diacetoxybenzoyl)methyl]-N-benzyl-3-amino-
propionatel09 (110):

Ethyl N-benzyl-3-aminopropionate (0.66 g, 3.14 mmol), triethylamine (0.21 g, 0.30 ml, 2.0
mmol) and sodium iodide (0.031 g, 0.2 mmol) were stirred in 10 ml of anhydrous DMF in
an ice bath. A solution of 3,4-diacetoxy-a-chloroacetophenone (0.5 g, 2.0 mmol) in 10 ml
of anhydrous DMF was added dropwise to the reaction mixture over a period of 15 min.
The reaction was complete after 3 hr, the insoluble material was removed by filteration and
the filterate was evaporated under vacuum to give an oil. The ethyl N-[(3',4'-
diacetoxybenzoyl)methyl]-N-benzyl-3-aminopropionate was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:1, R¢0.47) to yield a colourless oil
(0.74 g, 1.8 mmol, 87%).

IH NMR (CDCl3): & 1.20 (t, Jyg=7.1 Hz, 3H, -CH-CH3), 2.30 (s, 3H, CH3-COO-),
2.31 (s, 3H, CH3-COO-), 2.52 (t, Jyg=6.8 Hz, 2H, -CH2-COO-), 3.04 (t, Jyn=6.8 Hz,
2H, -N-CH,-CHj3-), 3.78 (s, 2H, -N-CH2-Ph), 3.85 (s, 2H, -CO-CH2-N-), 4.05 (q,
Juu=7.1 Hz, 2H, -COO-CH3-), 7.24 (d, Jortho=8.4 Hz, 1H, Hs-aromatic), 7.25-7.35 (m,
5H, Ph), 7.73 (d, Jmeta=2.0 Hz, 1H, Ha-aromatic) and 7.79 (dd, Jortho=8.4, Jmeta=2.0 Hz,
1H, Hg-aromatic).
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3.7.3 Ethyl N-[(3',4'-dimethoxybenzoyl)methyl]-N-benzyl-3-amino-
propionatel09 (85):

A stirred mixture of ethyl N-benzyl-3-aminopropionate (2.55 g, 12.3 mmol), triethylamine
(0.623 g, 6.15 mmol) and sodium iodide (0.092 g, 0.615 mmol) in anhydrous DMF (8 ml)
was cooled in an ice bath. A solution of 3,4-dimethoxy-a-chloroacetophenone (1.32 g, 6.15
mmol) in anhydrous DMF (4 ml) was added dropwise to the cooled reaction mixture over a
period of 15 min. The reaction was complete in 3 h. The turbid reaction mixture was filtered
and evaporated under vacuum to give an oil. The ethyl N-[(3',4'-dimethoxybenzoyl)methyl}-
N-benzyl-3-aminopropionate was isolated by flash chromatography eluting with ethyl
acetate-hexane (1:1, R¢ 0.43) to yield a colourless oil (2.0 g, 5.41 mmol, 88%) which was
contaminated with some starting material (3,4-dimethoxy-o-chloroacetophenone). It was

used in the next step without further purification.

IH NMR (CDCl3): & 1.22 (t, Jyg=7.1 Hz, 3H, -CH3), 2.52 (t, Jyu=6.5 Hz, 2H, -CHj-
CH,-COO0-), 3.08 (t, Jyu=6.5 Hz, 2H, -N-CH»-CH>-), 3.81 (s, 2H, -N-CH2-Ph), 3.88 (s,
2H, -CO-CH»-N-), 3.92 (s, 3H, -OCH3), 3.94 (s, 3H, -OCH3), 4.12 (q, Jyng=7.1 Hz, 2H,
-COO-CH>-), 6.82 (d, Jortho=8.0 Hz, 1H, Hs-aromatic), 7.29-7.38 (m, 5H, aromatic) and
7.46-7.62 (m, 2H, aromatic).

NMR peaks for starting material (3,4-dimethoxy-a-chloroacetophenone):
IH NMR (CDCI3): & 3.95 (s, 3H, -OCH3), 3.97 (s, 3H, -OCH3), 4.68 (s, 2H, -CH2-Cl),
6.92 (d, Jortho=8.0 Hz, 1H, Hs-aromatic), 7.46-7.62 (m, 2H, aromatic).

3.7.4 Ethyl N-{[3,4-(1',1',3",3'-tetra-t-butyldisiloxane)dioxybenzoyl]
methyl}-N-benzyl-3-aminopropionatel09 (96):

A stirred mixture of ethyl N-benzyl-3-aminopropionate (0.349 g, 1.68 mmol), triethylamine
(0.155 g, 0.22 ml, 1.53 mmol) and potassium iodide (0.03 g, 0.153 mmol) in anhydrous
DMF (20 ml) was cooled in an ice bath. A solution of 3,4-(1',1',3',3'-tetra-z-
butyldisiloxane)dioxy-o-chloroacetophenone (0.50 g, 1.53 mmol) in anhydrous DMF (10
ml) was added dropwise to the reaction mixture over a period of 30 min. The reaction was
complete within 3 h. Dry ether was added to precipitate the triethylammonium hydrochloride
which was removed by filtration. The filtrate was evaporated under vacuum to give an oil.
Ethyl N-{[3,4-(1',1,3",3"-tetra-t-butyldisiloxane)dioxybenzoyl]methyl}-N-benzyl-3-
aminopropionate was isolated by flash chromatography eluting with ethyl acetate-hexane
(1:5, Rf 0.38) to yield a colourless oil (0.56 g, 0.81 mmol, 82%).
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IH NMR (CDCl3): 8 1.10 [s, 36H, (CH3)3C-Si], 1.21 (t, Jug=7.1 Hz, 3H, -CH3), 2.52 (,
Juu=7.0 Hz, 2H, -CH2-COO0-), 3.08 (t, Jyg=7.0 Hz, 2H, -N-CH>-CH2-), 3.83 (s, 2H,
-N-CH>-Ph), 3.89 (s, 2H, -CO-CH2-N-), 4.08 (q, Jyu=7.1 Hz, 2H, -COO-CH2-), 6.88
(d, Jortho=8.4 Hz, 1H, Hs-aromatic), 7.21-7.33 (m, 5H, aromatic), 7.42 (dd, Jortho=8.4,
Jmeta=2.2 Hz, 1H, Hg-aromatic) and 7.52 (d, Jmeta=2.2 Hz, 1H, Hp-aromatic).

13C NMR (CDCl3): 8 14.1 (-CH3), 21.3 [(CH3)3C-Si], 27.9 [(CH3)3C-Si], 33.2 (-CH2-
C00), 50.0 (-N-CH»-CHj»-), 58.09 (-N-CH>5-Ph), 59.2 (-CO-CH»-N-), 60.2 (-COO-CH>),
121.1, 121.4, 123.0, 127.0, 128.2, 128.9, 130.5, 138.8, 145.7, 150.5 (aromatic), 172.5
(COO0), and 193.3 (-CO-CH2-N-).

IR (neat): 1729 cmr! (COO) and 1249 cm'! (Si-O-C).

3.7.5 Ethyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-3-
aminopropionate!%9 (103, R= Et):

Ethyl N-benzyl-3-aminopropionate (1.54 g, 7.39 mmol), triethylamine (0.5 g, 0.7 ml, 4.93
mmol) and sodium iodide (0.07 g, 0.44 mmol) were stirred in 10 ml of anhydrous DMF in
an ice bath. A solution of 3,4-diphenylmethylenedioxy-o-chloroacetophenone (1.73 g, 4.93
mmol) in 10 ml of anhydrous DMF was added dropwise to the reaction mixture over a period
of 15 min. The reaction was complete within 3 hr. The reaction mixture was filtered and
evaporated under vacuum to give an oil. The product, ethyl N-[(3',4'-
diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-3-aminopropionate was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:5, R¢0.25) to yield a pale yellow colour
oil (2.2 g, 4.22 mmol, 86%).

IH NMR (CDCl3): 8 1.15 (t, Jug=7.1 Hz, 3H, -CHz), 2.50 (t, Jyy=7.0 Hz, 2H, -CH,-
CO0-), 3.03 (t, Juu=7.0 Hz, 2H, -N-CH,-CH»-), 3.78 (s, 2H, -N-CHp-Ph), 3.81 (s, 2H,
-CO-CH»-N-), 4.02 (q, Jgu=7.1 Hz, 2H, -COO-CHy-), 6.84 (d, Jortho=8.0 Hz, 1H, Hs-

aromatic), and 7.2-7.6 (m, 17H, aromatic).

13C NMR (CDCl3): § 14.1 (-CH3), 33.2 (-CH»-COO-), 50.1 (-N-CH»-CH»-), 58.1 (-N-
CH»-Ph), 59.4 (-CO-CH7-N-), 60.3 (-COO-CH>-), 117.9 [(Ph)2C-], 107.8, 108.2, 124.5,
126.1, 127.2, 128.2, 128.3, 129.1, 129.3, 130.7, 138.5, 139.5, 147.5, 151.2 (aromatic),
172.4 (-COO-) and 196.5 (-CO-CH3-N-).

IR (Neat): 1730 cm~! (C=O ester), 1680 cm™! (C=0 keto), 1493 and 1445 cm™! (C=C),
1254 and 1208 cm™! (-C-0O-C).
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3.7.6 Methyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-
3-aminopropionate!0% (103, R= Me):
A mixture of methyl N-benzyl-3-aminopropionate (1.21 g, 6.27 mmol), triethylamine (0.58

g, 0.8 ml, 5.7 mmol) and sodium iodide (0.08 g, 0.57 mmol) in anhydrous DMF (20 ml)
was stirred and cooled in an ice bath. A solution of 3,4-diphenylmethylenedioxy-oi-

chloroacetophenone (2.00 g, 5.7 mmol) in anhydrous DMF (10 ml) was added dropwise to
the reaction mixture over a period of 15 min. The reaction mixture was complete within 3 hr.
The reaction was filtered and evaporated under vacuum to give an oil. Methyl N-[(3',4'-
diphenylmethylenedioxy)benzoylmethyl}-N-benzyl-3-aminopropionate was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:5, R 0.25) to yield a pale yellow oil
(2.4 g, 4.73 mmol, 83%).

IH NMR (CDCl3): 6 2.52 (t, Jyu=7.0 Hz, 2H, -CH»-COO-), 3.10 (t, Jyg=7.0 Hz, 2H,
-N-CH»-CH3-), 3.78 (s, 2H, -N-CH2-Ph), 3.80 (s, 2H, -CO-CH2-N-), 3.62 (s, 3H,
-COOCH?3), 6.86 (d, Jortho=8.0 Hz, 1H, Hs-aromatic), and 7.2-7.8 (m, 17H, aromatic).

13C NMR (CDCl3): 8 33.2 (-CHp-COO-), 50.2 (-N-CH,-CHa-), 51.8 (-COOCH3), 58.1 (-
N-CH»-Ph), 59.4 (-CO-CH2-N-), 117.9 [(Ph)2C-], 107.8, 108.2, 124.5, 126.1, 127.2,
128.2, 128.3, 129.1, 129.3, 130.7, 138.5, 139.5, 147.5, 151.2 (aromatic), 172.4 (-COO-)
and 196.5 (-CO-CH»-N-).

IR (neat): 1731 cm! (-COO-), 1678 cml (C=0), 1495 and 1448 cm™! (C=C), 1254 and
1212 cm™1 (-C-O-C).

3.7.7 Propyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-
3-aminopropionatel09 (103, R= n-Pr):

A mixture of propyl N-benzyl-3-aminopropionate (2.44 g, 11.0 mmol), triethylamine (1.01
g, 1.4 ml, 10.0 mmol) and potassium iodide (0.17 g, 1.0 mmol) in anhydrous DMF (25 ml)
was stirred and cooled in an ice bath. A solution of 3,4-diphenylmethylenedioxy-o-
chloroacetophenone (3.51 g, 10.0 mmol) in anhydrous DMF (10 ml) and was added
dropwise to the reaction mixture over a period of 30 min. The reaction was complete within 3
hr. Dry ether was added to precipitate the triethylammonium hydrochloride, which was then
removed by filtration. The filtrate was evaporated under vacuum to give an oil. Propyl N-
[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-3-aminopropionate was isolated
by flash chromatography eluting with ethyl acetate-hexane (1:5, R 0.25) to yield a pale
yellow oil (4.19 g, 7.82 mmol, 78%).
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IH NMR (CDCl3): 8 0.79 (t, Jug=7.0 Hz, 3H, -CH3), 1.48 (sextet, 2H, Jyg=7.0 Hz, 2H,
-CHj-CH3), 2.44 (t, Jyg=7.0 Hz, 2H, -CH,-COO-), 2.97 (t, Jyy=7.0 Hz, 2H, -N-CH»-
CHj-), 3.71 (s, 2H, -N-CH»-Ph), 3.74 (s, 2H, -CO-CHj-N-), 3.87 (t, Jyg=6.8 Hz, 2H,
-COO-CH32-), 6.76 (d, Jortho=8.1 Hz, 1H, Hs-aromatic) and 7.16-7.49 (m, 17H, aromatic).

13C NMR (CDCl3): & 10.3 (-CH3), 21.8 (-CH2-CH3), 33.2 (-CH2-COO-), 50.1 (-N-CH»-
CHj-), 58.1 (-N-CH»-Ph), 59.3 (-CO-CH2-N-), 65.9 (-COO-CH3-), 117.9 [(Ph)2C-],
107.8, 108.2, 124.5, 126.1, 127.1, 128.2, 128.3, 129.0, 129.3, 130.7, 138.5, 139.5,
147.5, 151.1 (aromatic), 172.5 (-COO-) and 196.3 (-CO-CH-N-).

IR (Neat): 1732 cm! (C=0 ester), 1676 cm™! (C=0 keto), 1493 and 1448 cm™! (C=C) and
1254 cm! (-C-O-C).

3.7.8 Butyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-
3-aminopropionate!%9 (103, R= n-Bu):

Butyl N-benzyl-3-aminopropionate (3.69 g, 15.7 mmol), triethylamine (1.44 g, 2.0 mi, 14.3
mmol) and potassium iodide (0.237 g, 1.43 mmol) were stirred in 50 ml of anhydrous DMF
in an ice bath. A solution of 3,4-diphenylmethylenedioxy-a-chloroacetophenone (5.0 g,
14.3 mmol) in anhydrous DMF (25 ml) and was added dropwise to the reaction mixture over
a period of 30 min. The reaction was complete within 3 hr. Dry ether was added to
precipitate the triethylammonium hydrochloride, which was then removed by filtration. The
filtrate was evaporated under vacuum to give an oil. Butyl N-[(3',4'-
diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-3-aminopropionate was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:5, R¢ 0.26) to yield a pale yellow oil
(6.0 g, 10.9 mmol, 76%).

IH NMR (CDCl3): 8 0.90 (t, Jyu=7.3 Hz, 3H, -CH3), 1.32 (appears as a sextet with an
average Jyg=7.4 Hz, 2H, -CH»-CH3), 1.54 (appears as a pentet with an average, Jyu=7.1
Hz, 2H, -CH,-CH2-CH3), 2.52 (t, Jyg=7.0 Hz, 2H, -CH2-COO-), 3.06 (t, Jyu=7.0 Hz,
2H, -N-CH»-CHj»-), 3.80 (s, 2H, -N-CH»-Ph), 3.83 (s, 2H, -CO-CH3-N-), 4.00 (t,
Jgu=6.7 Hz, 2H, -COO-CHy-), 6.85 (d, Jortho=8.1 Hz, 1H, Hs-aromatic) and 7.23-7.59
(m, 17H, aromatic).

13C NMR (CDCl3): & 13.6 (-CH3), 19.0 (-CH»-CH3), 30.5 (-CH,-CH»-CH3), 33.2 (-
CH»-COO0-), 50.1 (-N-CH»-CHj>-), 58.0 (-N-CH>-Ph), 59.3 (-CO-CH»-N-), 64.2 (-COO-
CHj-), 117.9 [(Ph)C-], 107.8, 108.2, 124.5, 126.1, 127.1, 128.2, 128.3, 129.0, 129.3,
130.7, 138.6, 139.5, 147.5, 151.1 (aromatic), 172.5 (-COO-) and 196.5 (-CO-CH2-N-).

IR (neat): 1732 cm~! (C=0 ester), 1676 cm~! (C=0 keto), 1493 and 1446 cm™! (C=C) and
1254 cm! (-C-O-C).

130



CHAPTER THREE: Synthesis of soft B-adrenoceptor agonists

3.7.9 Ethyl N-[(3',4'-dipivaloyloxybenzoyl)methyl]-N-benzyl-3-amino-
propionatel09 (114):

Ethyl N-benzyl-3-aminopropionate (1.93 g, 9.30 mmol), triethylamine (0.855 g, 1.2 ml,
8.45 mmol) and sodium iodide (0.127 g, 0.845 mmol) were stirred in 20 ml of anhydrous
DMEF in an ice bath. A solution of 3,4-dipivaloyloxy-c-chloroacetophenone (3.0 g, 8.45
mmol) in anhydrous DMF (50 ml) and was added dropwise to the reaction mixture over a
period of 30 min. After 3 h, the triethylamine hydrochloride was removed by filtration.
Evaporation of the filtrate under vacuum to gave an oil, which was purified by flash
chromatography eluting with ethyl acetate-hexane (1:5, R¢ 0.28) to give ethyl N-[(3',4'-
dipivaloyloxybenzoyl)methyl]-N-benzyl-3-aminopropionate as a pale yellow oil (3.13 g,
5.96 mmol, 70%).

IH NMR (CDCl3): & 1.21 (t, Jyg=7.1 Hz, 3H, -CH3), 1.34 (s, 9H, BulCOO), 1.36 (s,
9H, BulCOO0), 2.52 (t, Jyp=7.0 Hz, 2H, -CH>-COO-), 3.05 (t, Jyy=7.0 Hz, 2H, -N-CHa-
CH»-), 3.80 (s, 2H, -N-CH»-Ph), 3.87 (s, 2H, -CO-CH»-N-), 4.07 (q, Jun=7.1 Hz, 2H,
-COO-CH»-), 7.17 (d, Jortho=8.4 Hz, 1H, Hs-aromatic), 7.20-7.39 (m, 5H, Ph-), 7.69 (d,
Jmeta=1.9 Hz, 1H, Hp-aromatic) and 7.75 (dd, Jortho=8.4, Jmeta=2.0 Hz, 1H, Hg-

aromatic).

13C NMR (CDCl3): & 14.1 (-CH3), 27.1 [-C(CH3)3], 27.2 [-C(CH3)3], 33.2 (-CH»-COO),
39.15 [-C(CH3)3], 39.25 [-C(CH3)3], 50.2 (-N-CH>-CH»-), 58.2 (-N-CH2-Ph), 59.6 (-
CO-CH»-N-), 60.4 (-COO-CH»-), 123.4, 123.6, 126.5, 127.3, 128.4, 129.1 (aromatic
CH), 134.1, 138.4, 142.6, 146.7 (aromatic C), 172.5 (CH2COO), 175.4 (ButCO0), 175.6
(ButCOO) and 196.6 (-CO-CH2-N-).

IR (neat): 1763 cm! (C=0 ester), 1734 cm! (C=0 ester), 1689 (C=0 keto), 1604 and 1481
cm! (C=C), 1255 and 1101 cm! (C-O-C).
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3.8 SYNTHESIS OF ALKYL N-[(2'-HYDROXY-2'-(SUBSTITUTED)
PHENYLETHYL]-N-BENZYL-3-AMINOPROPIONATE

3.8.1 Ethyl N-(2'-hydroxy-2'-phenylethyl)-N-benzyl-3-aminopropionatel09
(66, R= Et):

To a stirred solution of ethyl N-(benzoylmethyl)-N-benzyl-3-aminopropionate (6.0 g, 18.4
mmol) in ethanol (80 ml), was added sodium borohydride (1.80 g, 46.0 mmol) in small
portions over a period of 15 min. The resulting suspension was stirred at room temperature
for a further 1 hr, after which time the reaction mixture was evaporated under vacuum to
dryness. Water was added and the mixture was extracted with dichloromethane. The lower
organic layer was dried with molecular sieves and evaporated under vaccum to give an oil
(5.0 g). Ethyl N-(2'-hydroxy-2'-phenylethyl)-N-benzyl-3-aminopropionate was isolated by
flash chromatography eluting with ethyl acetate (Rf 0.60) to yield a colourless oil (4.50 g,
13.75 mmol, 75%).

IH NMR (CDCl3): 8 1.23 (t, Jyuy=7.1 Hz, -CH3), 2.40-2.59 [m, 3H, -C(OH)H-CHAHB-
N-CH2-CHp-], 2.64 [dd, Jgem=13.0, Jyn=3.9 Hz, 1H, -C(OH)-CHAHB-N-}], 2.76 (dt,
Jgem=13.1, Jyu=6.5 Hz, 1H, -N-CHAHp-CH2-), 3.05 (dt, Jgem 13.2, Jyp=7.4 Hz, 1H,
-N-CHaHg-CH2-), 3.50 (d, Jgem=13.5 Hz, 1H, -N-CHAHB-Ph), 3.86 (d, Jgem=13.5 Hz,
1H, -N-CHaAHg-Ph), 4.07 (dq, Jgem=10.8, Jyn=7.1 Hz, 1H, -COO-CHaHp-), 4.17 (dq,
Jgem=10.8, Jyug=7.1 Hz, 1H, -COO-CHaAHB-), 4.67 [dd, Jgem=9.7, Juu=3.8 Hz, 1H,
-C(OH)-H], 7.18-7.35 (m, 10H, aromatic) (By integration -OH is between 3.70-4.0).

IH NMR (MeOH-ds): 6 1.21 (t, Jyg=7.2 Hz, -CH3), 2.48 (dt, Jyn=6.6, Jyy=2.0 Hz, 2H,
-CH»-C0OO0), 2.63 [s, 1H, -C(OH)H-CHAHB-N-}], 2.65 [d, Jyu=1.7 Hz, 1H, -C(OH)H-
CHAHB-N-), 2.80 (dt, Jgem=13.0, Jyy=6.3 Hz, 1H, -N-CHAHgB-CH2-), 2.95 (dt,
Jgem=13.2, Jyn=7.1Hz, 1H, -N-CHAHp-CH2-), 3.59 (d, Juu=13.5 Hz, 1H, -N-CHAH3g-
Ph), 3.73 (d, Juny=13.5 Hz, 1H, -N-CHAHpg-Ph), 4.08 (q, Juy=1.97, Jyu=7.2 Hz, 1H,
-COO-CHAHBR-), 4.09 (q, Jyug=1.97, Jyu=7.2 Hz, 1H, -COO-CHAHB-), 4.69 [dd,
Juu=>5.9 and 7.2 Hz, 1H, -C(OH)-H] and 7.21-7.37 (m, 10H, aromatic).

13C NMR ( CDCl3): 8 14.1 (-CHz3), 32.8 (-CH»-COO-), 49.6 (-N-CH»-CH3-), 58.6 (-N-
CH»-Ph), 60.6 (-COO-CH>-), 62.8 (-HOCH-CH>-N-), 69.9 [-C(OH)-H], 125.8, 126.1,
127.3, 128.2, 128.4, 129.0, 129.3 (aromatic C-H), 138.2 142.0 (aromatic C) and 172.5 (-
COO-).

IR (neat): 3471 cmr! (OH), 1730 cir! (COO) and 1452 cm™1 (C=C).
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3.8.2 Ethyl N-[2'-(3",4"-dimethoxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-
aminopropionate!% (86):

To a stirred solution of ethyl N-[(3',4'-dimethoxybenzoyl)methyl]-N-benzyl-3-
aminopropionate (2.00 g, 5.42 mmol) in ethanol (30 ml), was added sodium borohydride
(0.512 g, 13.6 mmol) in small portions over a period of 10 min. The resulting suspension
was stirred at room temperature for 1 hr, after which time the reaction mixture was
evaporated under vacuum to dryness. The residue was shaken with water and extracted with
dichloromethane. The dichloromethane layer was dried with molecular sieves and
evaporated under vacuum to yield an oil (1.5 g). The ethyl N-[2'-(3",4"-dimethoxyphenyl)-
2'-hydroxyethyl]-N-benzyl-3-aminopropionate (86) was isolated by flash chromatography
with ethyl acetate-hexane (1:1, R 0.40) to yield a thick colourless oil (1.20 g, 3.23 mmol,
67.5%). Some 3,4-dimethoxy-a-chloroacetophenone was present in the starting material,
which gives rise to 1-(3',4'-dimethoxyphenyl)-2-chloroethanol as an impurity in the product
(86). These could not be separated by flash chromatography, therefore mixture was used in
the next step without further purification.

1H NMR (CDCl3): & 1.25 (t, Jyg=7.14 Hz, 3H, -CH3), 2.49-2.65 [m, 4H, -C(OH)-CH>-
N-CH»-CH2-], 2.78 (dt, Jgem=13.2, Jyu=6.1 Hz, 1H, -N-CHAHg-CH>-), 3.05 (dt,
Jeem=13.2, Jyu=7.4 Hz, 1H, -N-CHAHB-CH32-), 3.50 (d, Jgem=13.5 Hz, 1H, -N-
CHaHg-Ph), 3.65 (d, Jgem=13.5 Hz, 1H, -N-CHAHg-Ph), 3.86 (s, 3H, -OCH3), 3.87 (s,
3H, -OCH3), 3.8-4.1 (broad s, 1H, -OH), 4.08 (dq, Jgem=10.8, Jyu=7.2 Hz, 1H, -COO-
CHAH3g-), 4.16 (dq, Jgem=10.8, Jyy=7.2 Hz, 1H, -COO-CHaHB-), 4.82 [dd, Jyu=4.0,
Juu=8.3 Hz, 1H, -C(OH)-H], 6.80-6.90 (m, 3H, aromatic) and 7.24-7.37 (m, 5H,

aromatic).

For 1-(3',4'-dimethoxyphenyl)-2-chloroethanol
IH NMR (CDCl3): & 3.49-3.72 [m, 2H, -C(OH)-CH2-Cl], 3.84 (s, 6H, -OCH3), 4.62 [dd,
Jug=4.3 and 9.1 Hz, 1H, -C(OH)-H], 6.80-7.37 (m, 3H, aromatic).

3.8.3 Ethyl N-{2'-[3",4"-(1"",1"",3"",3" "-tetra-t-butyldisiloxane)dioxy
phenyl]-2'-hydroxyethyl}-N-benzyl-3-aminopropionate!0 (97):

To a stirred solution of ethyl N-{[3,4-(1',1',3",3'-tetra-¢-butyldisiloxane)dioxy
benzoyljmethyl }-N-benzyl-3-aminopropionate (0.56 g, 0.81 mmol) in 25 ml of ethanol, was
added sodium borohydride (0.076 g, 2.0 mmol) in small portions over a period of 10 min.
The resulting suspension was stirred at room temperature for a further 1 hr, after which time
the reaction mixture was evaporated under vacuum. Water was added to the residue and the
product was extracted with dichloromethane. The dichloromethane layer was dried with
molecular sieves and evaporated to yield an oil (0.55 g). The product (97) was purified by
flash chromatography eluting with ethyl acetate-hexane (1:5, Ry 0.35) to yield a colourless oil
(0.27 g, 0.39 mmol, 48%).
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IH NMR (CDCIl3): & 1.08 [s, 18H, (CH3)3C-Si], 1.09 [s, 18H, (CH3)3C-Si], 1.24 (t,
Juu=7.1 Hz, 3H, -CH3), 2.49-2.58 [m, 3H, -C(OH)-CHAHg-N-, -CH2-COO-], 2.66 [dd,
Jeem=13.5, Jyu=3.7 Hz, 1H, -C(OH)-CHAHgB-N-], 2.80 (dt, Jgem=13.2, Jun=6.1 Hz,
1H, -N-CHAHB-CH2-), 3.05 (dt, Jgem=13.2, Juu=7.2 Hz, 1H, -N-CHAHgB-CH2-), 3.54
(d, Jgem=13.6 Hz, -N-CHAHg-Ph), 3.86 (d, Jgem=13.6 Hz, -N-CHaHpg-Ph), 3.91 (broad
s, 1H, OH), 4.11 (dq, Jgem=10.7, Juu=7.1 Hz, 1H, -COO-CHAHg-), 4.15 (dq,
Jgem=10.7, Jyu=7.1 Hz, 1H, -COO-CHaAHp-), 4.59 [dd, 1H, Jgem=9.5, Jyn=3.7 Hz,
-C(OH)-H], 6.74 (dd, Jortho=8.2 Hz, Jmeta=1.9, 1H, Hg-aromatic), 6.82 (d, Jortho=8.2 Hz,
1H, Hs-aromatic), 6.85 (d, Jmeta=1.8 Hz, 1H, Hp-aromatic) and 7.26-7.37 (m, 5H,

aromatic).

13C NMR (CDCl3): § 14.1 (-CH3), 21.3 [(CH3)3C-Si], 28.0 [(CH3)3C-Si], 32.7 (-CH>-
C00), 49.6 (-N-CH»-CHj-), 58.6 (-N-CH»7-Ph), 60.6 (-COO-CH>-), 62.7 (HOCH-CH>-
N-), 69.3 [-C(OH)H-], 118.9, 119.3, 121.0, 127.3, 128.4, 128.9, 135.6, 144.9, 145.5
(aromatic C), 172.5 (C=0).

IR (neat): 3400 cm-! (OH), 1727 cm-! (COO), 1504 cm! (C=C), 1311 cm! (Si-O-Si) and
973 cmr! (Si-O-C).

Elemental analysis: calculated for C35H54NOgSi2: C, 65.71; H, 9.04; N, 2.13%. Found: C,
64.96; H, 8.72; N, 2.23%.

Mass spectrum (CI-NH3): 658.0 (M + NHa*, 70%). m/e 640 [(M + NH4") - OH, 10%],
612 [(M + NHg*) - OEt, 2%], 437 [(M + NHs*) -CH-N+H2-CH2-CH2-COOC2H35,
24%)], 220 (Ph-HC=CH-N*H,-CH,-CH3-COOC,Hs, 100%], and 91 (tropolium ion, 24%)
(Section 2.4, Scheme 2.9).

3.8.4 Methyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2"'-

hydroxyethyl]-N-benzyl-3-aminopropionatel09 (104, R= Me):
To a stirred solution of methyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-
3-aminopropionate (5.0 g, 9.85 mmol) in 50 ml of methanol, was added sodium
borohydride (0.93 g, 24.63 mmol) in small portions over a period of 10 min. The resulting
suspension was stirred at room temperature for a further 1 hr, and the reaction mixture was
evaporated under vacuum. Water was added to the residue and extracted with
dichloromethane. The dichloromethane layer was dried with molecular sieves and
evaporated to yield an oil (4.05 g). The title compound (104, R=Me) was purified by flash
chromatography eluting with ethyl acetate-hexane (1:5, Rf 0.24) to yield a colourless oil
(3.91 g, 7.67 mmol, 78%).
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IH NMR (CDCl3): § 2.47-2.65 [m, 4H, -C(OH)-CH2-N-CH2-CHy-], 2.78 (dt, Jgem=13.0,
Jyu=6.5 Hz, -N-CHAHgB-CHp-), 3.06 (dt, Jgem=13.2, Juu=7.5 Hz, -N-CHAHg-CH>-),
3.52 (d, Jgem=13.5 Hz, 1H, -N-CHAHpg-Ph), 3.69 (s, 3H, -OCH3), 3.87 (d, Jgem=13.6 '
Hz, 1H, -N-CHaAHg-Ph), 3.92 (broad s, 1H, -OH), 4.61 [dd, Jyu=4.5, Jun=8.9 Hz, 1H,
-C(OH)-H], 6.78 (dd, Jortho=8.0, Jmeta=1.4 Hz, 1H, Hg-aromatic), 6.84 (d, Jortho=7.9 Hz,
1H, Hs-aromatic), 6.93 (d, Jmeta=1.3 Hz, 1H, Hp-aromatic), 7.25-7.43 (m, 11H, aromatic)
and 7.57-7.64 (m, 4H, aromatic).

13C NMR (CDCl3): 8 32.6 (-CH2-COO-), 49.5 (-N-CH»-CH3-), 51.7 (-OCH3), 58.6 (-N-
CH»-Ph), 62.7 [-C(OH)-CH7-N-], 69.8 [-C(OH)-], 106.6, 108.0, 116.6, 119.4, 126.3,
127.4, 128.2, 128.4, 128.96, 129.0, 135.9, 138.1, 140.3, 146.5, 147.2 (aromatic) and
172.9 (-COO-).

3.8.5 Ethyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-
hydroxyethyl]-N-benzyl-3-aminopropionatel0® (104, R= Et):

To the stirred solution of ethyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-benzyl-
3-aminopropionate (2.20 g, 4.22 mmol) in 25 ml of ethanol, was added sodium borohydride
(0.40 g, 10.5 mmol) in small portions over a period of 10 min. The resulting suspension
was stirred at room temperature for a further one h, and the reaction mixture was evaporated
under vacuum. Water was added to the residue and extracted with dichloromethane. The
dichloromethane layer was dried with molecular sieves and evaporated to yield an oil. The
title compound (104, R=Et) was purified by flash chromatography eluting with ethyl acetate-
hexane (1:5, R¢ 0.23) to yield a colourless oil (1.75 g, 3.34 mmol, 79%).

1H NMR (CDCl3): & 1.24 (t, Jyg=7.1 Hz, 3H, -CHz3), 2.44-2.61 [m, 4H, -C(OH)-CH2-N-
CH2-CH2-], 2.75 (dt, Jgem=13.0, Jyn=6.3, 1H, -N-CHAHB-CH2-), 3.05 (dt, Jgem=13.2,
Juu=7.5 Hz, -N-CHAHg-CH2-), 3.50 (d, Jgem=13.5 Hz, 1H, -N-CHAHg-Ph), 3.85 (d,
Jgem=13.5 Hz, 1H, -N-CHaHp-Ph), 3.90 (broad s, 1H, -OH), 4.10 (dq, Jgem=10.85,
Jgu=7.1 Hz, 1H, -COO-CHaHBg-), 4.15 (dq, Jgem=10.85, Jyu=7.15 Hz, 1H, -COO-
CHAHRg-), 4.57 [dd, Jyg=4.5, Juu=8.9 Hz, 1H, -C(OH)-H], 6.73 (dd, Jortho=8.0,
Jmeta=1.4 Hz, 1H, Hg-aromatic), 6.79 (d, Jortho=7.9 Hz, 1H, Hs-aromatic), 6.87 (d,
Jmeta=1.3 Hz, 1H, Hj-aromatic), 7.25-7.4 (m, 11H, Ph) and 7.52-7.58 (m, 4H, Ph).

13C NMR (CDCl3): & 14.1 (-CH3), 32.7 (-CH-COO-), 49.5 (-N-CH»-CH3-), 58.5 (-N-
CH»-Ph), 60.6 (-COO-CHj3-), 62.6 [-C(OH)-CH>-N], 69.7 [-C(OH)-H], 116.6 [(Ph)2C-],
106.5, 108.0, 119.3, 126.2, 127.3, 128.1, 128.4, 128.9 (aromatic C-H), 135.8, 138.1,
140.2, 146.4, 147.2 (aromatic C) and 172.5 (-COO-).
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IR (neat): 3466 cm-! (broad, -OH), 1728 cm~! (-COO-), 1494 and 1448 (C=C), 1250 and
1209 cm™! (C-O-C).

3.8.6 Propyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-

hydroxyethyl]-N-benzyl-3-aminopropionatel%9 (104, R= n-Pr):
To the stirred solution of propyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-
benzyl-3-amino propionate (2.36 g, 4.41 mmol) in 40 ml of n-propanol, was added sodium
borohydride (0.417 g, 11.0 mmol) in small portions over a period of 10 min. The resulting
suspension was stirred at room temperature for a further one h, and the reaction mixture was
evaporated under vacuum. Water was added to the residue and extracted with
dichloromethane. The dichloromethane layer was dried with molecular sieves and evaporated
to yield an oil (1.82 g). Compound (104, R=n-Pr) was purified by flash chromatography
eluting with ethyl acetate-hexane (1:5, R 0.23) to yield a colourless oil (1.57 g, 2.92 mmol,
67%).

IH NMR (CDCl3): & 0.84 (t, Jyu=7.5 Hz, 3H, -CH3), 1.55 (sextet, Jyu=7.2 Hz, 3H,
-CH»-CH3), 2.39-2.54 [m, 4H, -C(OH)-CH-N-CH>-CH2-], 2.68 (dt, Jgem=13.1,
Jyu=6.3 Hz, -N-CHAHg-CH2-), 2.95 (dt, Jgem=13.2, Jyy=7.4 Hz, -N-CHAHg-CH2-),
3.42 (d, Jgem=13.5 Hz, 1H, -N-CHAHg-Ph), 3.77 (d, Jgem=13.5 Hz, 1H, -N-CHAHB-
Ph), 3.70-3.96 (broad s, 1H, -OH), 3.91 (dq, Jgem=10.7, Jup=6.7 Hz, 1H, -COO-
CHaHg-), 4.00 (dq, Jgem=10.7, Jyu=6.8 Hz, 1H, -COO-CHAHB-), 4.49 [dd, Jyu= 9.1,
Jup=4.3 Hz, 1H, -C(OH)-H], 6.65 (dd, Jortho=8.0, Jmeta=1.4 Hz, 1H, Hg-aromatic), 6.72
(d, Jortho=7.9 Hz, 1H, Hs-aromatic), 6.79 (d, Jmeta=1.4 Hz, 1H, Hp-aromatic), 7.16-7.32
(m, 11H, aromatic), and 7.46-7.51 (m, 4H, aromatic).

IR (neat): 3454 cm! (broad, -OH), 1734 cm™1 (-COO-), 1493 and 1443 (C=C), 1252 and
1209 cm™1 (C-O-C).

3.8.7 Butyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-

hydroxyethyl]-N-benzyl-3-amin0propionate109 (104, R= n-Bu):
To the stirred solution of butyl N-[(3',4'-diphenylmethylenedioxy)benzoylmethyl]-N-
benzyl-3-amino propionate (5.0 g, 9.1 mmol) in 50 ml of n-butanol, was added sodium
borohydride (0.86 g, 22.74 mmol) in small portions over a period of 10 min. The resulting
suspension was stirred at room temperature for a further one h, and the reaction mixture was
evaporated under vacuum. Water was added to the residue and extracted with
dichloromethane. The dichloromethane layer was dried with molecular sieves and evaporated
to yield an oil (3.96 g). Compound (104, R=n-Bu) was purified by flash chromatography
eluting with ethyl acetate-hexane (l.:S, R¢ 0.25) to yield a colourless oil (3.77 g, 8.7 mmol,
75%).
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IH NMR (CDCl3): 8 0.90 (t, Jyu=7.3 Hz, 3H, -CH3), 1.34 (sextet, Jyg=7.3 Hz, 2H,
-CH,-CH3), 1.57 (pentet, Jyg=7.1 Hz, 2H, -CH2-CH2-CH3), 2.41-2.59 [m, 4H, -C(OH)-
CH2-N-CHj-CHa-], 2.73 (dt, Jgem=13.2, Jyu=6.5 Hz, -N-CHaAHB-CH3-), 3.00 (dt,
Jgem=13.2, Jyy=6.1 Hz, -N-CHAHp-CH2-), 3.46 (d, Jgem=13.5 Hz, 1H, -N-CHAHB-
Ph), 3.81 (d, Jgem=13.5 Hz, 1H, -N-CHaHp-Ph), 3.63-4.05 (broad s, 1H, -OH), 4.01
(dq, Jgem=10.8, Jyu=6.7 Hz, 1H, -COO-CHAHp-), 4.12 (dq, Jgem=10.8, Jgu=6.7 Hz,
1H, -COO-CHAHBR-), 4.56 [dd, Jyy=4.7 and 8.7 Hz, 1H, -C(OH)-H], 6.72 (dd,
Jortho=8.1, Jmeta=1.3 Hz, 1H, Hg-aromatic), 6.78 (d, Jortho=8.0 Hz, 1H, Hs-aromatic),
6.88 (d, Jmeta=1.2 Hz, 1H, Hp-aromatic), 7.23-7.36 (m, 11H, aromatic) and 7.53-7.58 (m,
4H, aromatic).

13C NMR (CDCl3): 8 13.6 (-CH3), 19.0 (-CH2-CH3), 30.4 (-CH2-CH2-CH3), 32.6 (-
CH5-COO0-), 49.5 (-N-CH»-CH»-), 58.5 (-N-CH>-Ph), 62.6 (-COO-CH3-), 64.4 [-C(OH)-
CH»,-N-], 69.7 (-C-OH), 106.5, 107.9, 119.2, 126.2, 127.2, 128.0, 128.1, 128.3, 128.8,
128.9 (aromatic C-H), 116.5, 135.9, 138.0, 140.18, 140.2, 146.3, 147.1 (aromatic C) and
172.5 (-COO-).

IR (neat): 3294 cm! (OH), 1730 cm-! (COO), 1448 and 1495 cm! (C=C), 1211 and 1249
cml (C-0-0).

Elemental analysis: calculated for C35H37NO5.H20: C, 73.79; H, 6.90; N, 2.46%. Found
C, 73.16; H, 6.53; N, 2.44%.

Mass spectrum (CI, NH3): Calculated mass for C35H3gNOs is 552.275 (M+H?). Observed
accurate mass is 552.275 (M+H™). m/e 553 [(M+2)*, 28%], 236 (100%), 303 [M*-(CH>-
NH-CH,-CH-COOCH3-CHj-CH,-CH3), 96%] and 108 (60%)(Section 2.4, Scheme 2.10)

3.8.8 Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate!® (115):

To a stirred solution of ethyl N-[(3',4'-dipivaloyloxybenzoyl)methyl]-N-benzyl-3-
aminopropionate (3.13 g, 5.96 mmol) in 100 ml of ethanol, was added sodium borohydride
(0.563 g, 14.9 mmol) in small portions over a period of 10 min. The resulting suspension
was stirred at room temperature for a further 1 hr, after which time the reaction mixture was
evaporated under vacuum to remove ethanol (To remove excess sodium borohydride after
completion of the reaction, never add water, because the formation of a tiny amount of
sodium hydroxide immediately hydrolysed the pivaloyloxy ester). The residue was extracted
with diethyl ether. The diethyl ether layer was dried and residue was extracted with hexane
and hexane layer was evaporated to yield an oil. The title compound (115) was purified by
flash chromatography eluting with ethyl acetate-hexane (1:2, Rf 0.25) to yield a colourless oil
(1.41 g, 2.68 mmol, 45%).
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IH NMR (CDCl3): & 1.24 (t, Jyg=7.1 Hz, 3H, -CH3), 1.32 (s, 9H, ButCOO), 1.33 (s,
9H, BulCOO0), 2.45-2.55 [m, 3H, -C(OH)-CHAHB-N-, -CH2-COOQ], 2.67 [dd, Jgem=13.0,
Juu=3.2 Hz, 1H, -C(OH)-CHAHg-N-], 2.78 (dt, Jgem=13.2, Jyu=6.1 Hz, 1H, -N-
CHAHB-CH2-), 3.05 (dt, Jgem=13.2, Jyy=7.2 Hz, 1H, -N-CHAHB-CH3-), 3.53 (d,
Jeem=13.5 Hz, -N-CHAHg-Ph), 3.86 (d, Jgem=13.5 Hz, -N-CHAHp-Ph), 4.10 (dq,
Jgem=10.8, Jyy=7.1 Hz, 1H, -COO-CHaAHB-), 4.17 (dq, Jgem=10.8, Jyu=7.18 Hz, 1H,
-COO-CHaHR-), 4.66 [dd, 1H, Jyg=3.2, Jyg=10.1 Hz, -C(OH)-H], 7.05 (d, Jortho=8.3
Hz, 1H, Hs-aromatic), 7.08 (d, Jmeta=1.8 Hz, 1H, Hp-aromatic) and 7.15 (dd, Jortho=8.3,
Jmeta=1.9 Hz, 1H, Hg-aromatic) and 7.21-7.35 (m, 5H, Ph) (OH is not observed).

13C NMR (CDCl): 8 14.1 (-CH3), 27.2 [-C(CH3)3], 32.8 (-CH,-COO0), 39.0 [-C(CH3)3],
49.5 (-N-CHj-CHj-), 58.7 (-N-CHj5-Ph), 60.7 (-COO-CH3-), 62.7 [-C(OH)-CH-N-],
69.2 [-C(OH)-CHj-N-], 120.7, 123.0, 123.5, 127.4, 128.4, 129.0 (aromatic C-H), 138.0,
140.5, 141.6, 142.5 (aromatic C), 172.5 (CHpCOO), 175.7 (Bu!COO) and 175.9
(BulCOO).

IR (neat): 3462 cm~1 (OH), 1759 cm1 (C=0, But ester), 1732 cm™! (C=0, ethyl ester),
1504 & 1479 cm~! (C=C), 1255 & 1120 cm™1 (C-O-C).
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3.9 SYNTHESIS OF ESTERS OF N-[(2'-HYDROXY-2'.
(SUBSTITUTED) PHENYLETHYL]-3-AMINOPROPIONATE

3.9.1 Ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate!09 (50, R= Et):
A solution of ethyl N-(2'-hydroxy-2'-phenylethyl)-N-benzyl-3-aminopropionate (100 mg,
0.305 mmol) in 15 ml of ethanol was exposed to hydrogen in the presence of 10% palladium
on charcoal (20 mg) at room temperature and pressure. The uptake of hydrogen ceased after
40 min. The catalyst was removed by filtration through celite and the filtrate was evaporated

to dryness. The residue was recrystallised from hexane to yield a crystalline solid (20 mg,
0.084 mmol, 27%), mp. 75-77 °"C.

IH NMR (CDCI3): 8 1.26 (t, Jug=7.1 Hz, 3H, -CH3), 2.3-2.6 (broad s, 2H, -OH, -NH-),
2.51 (t, Jgu=6.3 Hz, 2H, -CH>-COO-), 2.70 [dd, Jgem=12.2, Jgu=9.2 Hz, 1H, -C(OH)-
CHAHR-N-], 2.85-3.03 [m, 3H, -C(OH)-CHAHg-N-CH2-}, 4.15 (q, Jyu=7.1 Hz, 2H,
-COO-CH»), 4.70 [dd, Jgyg=9.0, Jyg=3.5 Hz, 1H, -C(OH)-H] and 7.25-7.4 (m, 5H,

aromatic).

IH NMR (DMSO-dg): & 1.17 (t, Jyu=7.1 Hz, 3H, -CH3), 2.42 (t, Jyu=6.6 Hz, 2H, -CH>-
CO0-), 2.50 (s, 1H, -NH-), 2.60 [d, Jyu=6.2 Hz, 2H, -C(OH)-CH2-N-], 2.77 (4,
Jyu=6.6 Hz, 2H, -N-CH7-CHj>-), 3.35 (broad s, 1H, -OH), 4.06 (q, Jyu=7.1 Hz, 2H,
-COO-CHj3-), 4.59 [t, Jyy=6.2 Hz, 1H, -C(OH)-H] and 7.2-7.4 (m, 5H, aromatic).

13C NMR (CDCl3): 8 14.1 (-CH3), 34.7 (-CH2-COO-), 44.5 (-N-CH7-CH>.), 56.8 [-
C(OH)-CH>7-N-], 60.5 (-COO-CH»-), 71.5 [-C(OH)-], 125.7, 127.4, 128.3 (aromatic C-
H), 142.3 (aromatic C) and 172.6 (-COO-).

IR (KBr): 3428 cm-! (broad -OH), 3300 cm™! (-NH-) and 1723 cm! (-COO-).

Elemental analysis calculated for C13H19NO3: C, 65.80; H, 8.07; N, 5.90%. Found C,
65.45; H, 7.72; N, 5.74%.

Mass spectrum (CI, NH3): calculated mass for [C13H2oNO3 (M+H*)] 238.1443. Observed
accurate mass 238.1443 (M + H*). m/e 238 (M + H*, 100%), 220 [M + H* - (H20),
11%], 192 [Ph-C(OH)H-CH-NH-CH,-CH2-C=0*, 2.5%], 150 [Ph-C(OH)-CH>-
N+H=CHp», 5%], 130 (HpC=N+H-CH>-CH2-COOC,Hs, 88%), 84 (HoC=N-CH>-CH3-
C=0t, 9.0%) (Section 2.3, Scheme 2.5).
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3.9.2 Methyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionatel09 (50, R=
Me):

A mixture of methyl N-benzyl-3-aminopropionate (3.19 g, 16.5 mmol), triethylamine (1.52
g, 2.1 ml, 15.0 mmol) and sodium iodide (0.22 g, 1.5 mmol) was stirred in 25 ml of
anhydrous DMF in an ice bath. A solution of a-chloroacetophenone (2.32 g, 15.0 mmol) in
10 ml of anhydrous DMF and was added dropwise to the reaction mixture over a period of
15 min. The reaction was nearly complete in three hours. The turbid reaction mixture was
filtered and evaporated under vacuum to yield an oil. The product was isolated by flash
chromatography eluting with ethyl acetate-hexane (1:5, R¢ 0.25) to yield methyl N-
(benzoylmethyl)-N-benzyl-3-aminopropionate as a colourless oil (3.05 g, 9.79 mmol, 65%).
To a stirred solution of methyl N-(benzoylmethyl)-N-benzyl-3-aminopropionate (3.0 g, 9.63
mmol) in 80 ml of methanol, was added sodium borohydride (0.91 g, 24.1 mmol) in small
portions over a period of 15 min. The resulting suspension was stirred at room temperature
for a further 1 hr, after which time the reaction was evaporated under vacuum to dryness.
Water was added and the mixture was extracted with dichloromethane. The lower organic
layer was dried with molecular sieves and evaporated under vaccum to give an oil (2.27 g,
7.26 mmol, 75%). The methyl N-(2'-hydroxy-2'-phenylethyl)-N-benzyl-3-aminopropionate
was committed to the next step without further purification. A solution of methyl N-(2'-
hydroxy-2'-phenylethyl)-N-benzyl-3-aminopropionate (2.27 g, 7.26 mmol) in methanol (20
ml) was exposed to hydrogen in the presence of 10% palladium on charcoal (0.23 g) at room
temperature and pressure. The uptake of hydrogen ceased after 40 min. The catalyst was
removed by filtration through celite and the filtrate was evaporated to dryness. The residue
was recrystallised from hexane to yield a crystalline solid (1.15 g, 5.15 mmol, 70%).

IH NMR (DMSO-dg): 8 2.44 (t, Jyy=6.6 Hz, 2H, -CH2-COO-), 2.50 (s, 1H, -NH-), 2.60
[d, Jyr=6.0 Hz, 2H, -C(OH)-CH>-N-], 2.77 (t, Juy=6.6 Hz, 2H, -N-CH2-CH3-), 3.1-3.6
(broad s, 1H, -OH), 3.58 (s, 3H, -OCH3), 4.59 (t, Juu=6.2 Hz, 1H, -C(OH)-H] and 7.22-
7.35 (m, 5H, aromatic).

13C NMR (DMSO-dg): 6 34.6 (-CH-COO-), 44.8 (-N-CH»-CHj.), 51.4 (-OCH3), 57.6 [-

C(OH)-CH»-N-1, 71.6 [-C(OH)-], 126.1, 127.0, 128.1 (aromatic CH), 144.8 (aromatic C)
and 172.9 (-COO-).
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3.9.3 Ethyl N-[2'-(3",4"-dimethoxyphenyl)-2'-hydroxyethyl]-3-amino-
propionatel09 (87):

A solution of ethyl N-[2'-(3",4"-dimethoxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-
aminopropionate (1.20 g, 3.67 mmol) in 50 ml of ethanol was hydrogenated at room
temperature and pressure in the presence of 10% palladium on charcoal (0.5 g) catalyst. The
uptake of hydrogen ceased after 40 min. The catalyst was removed by filtration through
celite and the filtrate was evaporated to dryness. Crystallisation from ethyl acetate-hexane
gave white crystals of ethyl N-[2'-(3",4"-dimethoxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (0.8 g, 2.7 mmol, 74 %) mp. 83-84 °C.

IH NMR (CDCl3): 8 1.27 (t, Jyg=7.1 Hz, 3H, -CH3), 2.10-2.62 (broad s, 2H, -OH and
-NH-), 2.52 (t, Juu=6.3, 2H, -CH2-COO-), 2.70 [dd, Jgem=12.2, Jyu=9.2 Hz, 1H,
-C(OH)-CHaHg-N-], 2.88-3.02 [m, 3H, -C(OH)-CHAHgp-N-CH>-], 3.88 (s, 3H, -OCH3),
3.90 (s, 3H, -OCH3), 4.16 (q, Jyg=7.1 Hz, -COO-CH3-), 4.66 [dd, Jgu=9.2, Jyu=3.5
Hz, 1H, -C(OH)-H], 6.84 (d, Jortho=8.2 Hz, 1H, Hs-aromatic), 6.89 (dd, Jortho=8.3 &
Jmeta=1.6 Hz, 1H, Hg-aromatic) and 6.95 (d, Jmea=1.5 Hz, 1H, Hp-aromatic).

13C NMR (CDCl3): § 14.1 (-CH3), 34.7 (-CH2-COO-), 44.5 (-N-CH-CHj»-), 55.7 [-
C(OH)-CH>-N-], 55.8 (-OCH3), 56.8 (-OCH3), 60.5 (-COO-CH»-), 71.3 [-C(OH)-],
108.8, 110.9, 117.9 (aromatic CH), 134.9, 148.3 and 148.9 (aromatic C) and 172.6 (-
COO-).

Elemental analysis calculated for C15H23NOs: C, 60.59; H, 7.80; N, 4.71%. Found C,
59.95; H, 7.57; N, 4.69%.

IR (KBr): 3313 cm™! (-OH), 3100 cm™! (broad, -NH-), 1721 cm~! (-COO-), 1518 and 1464
(C=C), 1263 and 1023 cm~! (Ar-O-R).

Mass spectrum (CI, NH3): observed mass for C15H23NO5 279.0 (M* - H0).

3.9.4 Ethyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-
3-aminopropionatel09.113 (105, R= Et):

A solution of ethyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl}-N-
benzyl-3-aminopropionate (0.2 g, 0.382 mmol) in ethyl acetate (10 ml) was hydrogenated at
room temperature at 30 psi hydrogen atmosphere in the presence of 10% palladium on
charcoal (20 mg) catalyst. After 48 h, the catalyst was removed by filtration through celite
and the filtrate was evaporated under vacuum to dryness. The product was isolated by flash
chromatography eluting with 10% ethanol in chloroform (Rf 0.42), as a colourless solid.
The product was crystallized from ethyl acetate-hexane.
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IH NMR (CDCl3): 8 1.24 (t, Jyu=7.1 Hz, 3H, -CH3), 2.2-2.69 (broad s, 2H, -OH and
-NH-), 2.49 (t, Jyg=6.4 Hz, 2H, -CH2-COO-), 2.65 [dd, Jgem=12.2, Jyu=9.1 Hz, 1H,
-C(OH)-CHAHB-N-], 2.84 [dd, Jgem=12.2, Juy=3.6 Hz, 1H, -C(OH)-CHAHg-N-], 2.8-
3.0 (m, 2H, -N-CH3-CHj3-), 4.12 (q, Jyu=7.1 Hz, 2H, -COO-CH3-), 4.60 [dd, Jyu=3.6,
Juu= 9.1 Hz, 1H, -C(OH)-H], 6.75-6.85 (m, 2H, aromatic), 6.93 (s, 1H, aromatic), 7.3-
7.45 (m, 6H, aromatic), 7.5-7.65 (m, 4H, aromatic).

13C NMR (CDCl3): 8 14.1 (-CH3), 34.7 (-CH-COO-), 44.5 (-N-CH7-CH>-), 56.8 [-
C(OH)-CH,-N-], 60.5 (COO-CH3-), 71.4 [-C(OH)-], 116.5 [(Ph),C-], 106.4, 108.1,
119.2, 126.2, 128.1, 129.0, 136.3, 140.2, 146.5, 147.3 (aromatic) and 172.5 (COO).

3.9.5 Ethyl N-{2'-[3",4"-(1""',1"',3"",3" " '-tetra-f-butyldisiloxane)dioxy-
phenyl]-2'-hydroxyethyl}-3-aminopropionatel09 (98):

A solution of ethyl N-{2'-[3",4"-(1"",1",3"",3""-tetra-¢t-butyldisiloxane)dioxyphenyl]-2'-
hydroxyethyl}-N-benzyl-3-aminopropionate (0.25 g, 0.359 mmol) in 20 ml of ethanol was
hydrogenated in the presence of 10% palladium on charcoal (25 mg) at room temperature and
pressure. The uptake of hydrogen ceased after 40 min. The catalyst was removed by
filtration through celite and the filtrate was evaporated to dryness under vacuum to remove
toluene. The residue was crystallized from hexane to give the title compound (98) (0.075 g,
0.14 mmol, 35%).

IH NMR (CDCl3): 6 1.08 [s, 18H, (CH3)3C-Si], 1.09 [s, 18H, (CH3)3C-Si], 1.24 (t,
Jyg=7.1 Hz, 3H, -CH3), 2.76-3.26 (m, 6H, -CH»-N-CH2-CH3-), 4.15 (q, Jgg=7.1 Hz,
2H, -COO-CH»-), 5.00 [dd, 1H, Jgu=9.8, Jyg=2.8 Hz, -C(OH)-H], 4.9-5.3 (broad s,
3H, -OH, -NH- and some protonation), 6.85 (s, 2H, aromatic) and 6.93 (s, 1H, aromatic).

13C NMR (CDCl3): 8 14.1 (-CH3), 21.4 [(CH3)3C-Si], 28.1 [(CH3)3C-Si], 32.0 (-CH>-
COO0), 44.1 (-N-CH»-CHjy-), 55.8 [-C(OH)-CH»>-N-], 61.2 (-COO-CH3-), 69.4 [-C(OH)-
CH»-N-], 118.8, 119.3, 121.5 (aromatic C-H), 134.5, 145.5, 145.8 (aromatic C) and
171.5 (C=0).

3.9.6 Ethyl N-{2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino-
propionate!09.113 (74, R= Et):

A solution of ethyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-

benzyl-3-aminopropionate (0.30 g, 0.573 mmol) in 25 ml of ethanol was hydrogenated at

room temperature under 60 psi hydrogen atmosphere in the presence of 10% palladium on

charcoal catalyst (30 mg). After 18 h, the catalyst was removed by filtration through celite

and the filtrate was evaporated under vacuum to dryness. The residue was washed with

toluene to remove the byproduct diphenylmethane.
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The residue was evaporated under vacuum to give ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate as a pale pink solid. The product was highly oxygen (air)
sensitive, therefore all of the filtration and concentration procedures were performed under
argon. The product was dissolved in a small amount of ethanol and then dry ether was
added to the solution. Dry HCl was passed through the solution until it turned yellow. The
hydrochloride salt of the product (74, R=Et) precipitated out as a white solid and was

collected by filtration. The compound was stored under argon and was protected from light
(0.143 g, 0.531 mmol, 92%) mp. 156.8 °C.

IH NMR (D70): 8§ 1.27 (t, Jyu=7.1 Hz, 3H, -CH3), 2.89 (t, Jyg=6.7 Hz, 2H, CH,-COO0),
3.28-3.36 [m, 2H, -C(OH)-CH»-N-], 3.36-3.52 (m, 2H, -N-CH>-CH>-), 4.21 (q,
Jyu=7.1 Hz, 2H, -COO-CHj3-), 4.96 (dd, Jyu=7.9, Jyu=5.1 Hz, 1H, -C(OH)-H], 6.88
(dd, Jortho=8.3, Jmeta=1.9 Hz, 1H, Hg-aromatic), 6.96 (d, Jortho=8.1 Hz, 1H, Hs-aromatic)
and 6.97 (d, Jmeta=2.0 Hz, 1H, Hp-aromatic). Assignments were made with the aid of a
COSY spectrum.

IH NMR (MeOH-dy4): § 1.23 (t, Jyg=7.1 Hz, 3H, -CHj), 2.52 (t, Jyg=6.6 Hz, 2H, -CH>-
COO0-), 2.69 [dd, Jgem=12.0, Jyy=4.8 Hz, 1H, -C(OH)-CHAHgB-N-], 2.78 [dd,
Juu=12.0, Jgg=8.3 Hz, 1H, -C(OH)-CHAsHg-N-], 2.87 (t, Jyg=6.6 Hz, 2H, -N-CH»>-
CH»-), 4.11 (q, Jgg=7.1 Hz, 2H, -COO-CHj3-), 4.60 [dd, Jyyg=8.3, Jyy=4.8 Hz, 1H,
-C(OH)-H], 6.67 (dd, Jortho=8.1, Jmeta=1.9 Hz, 1H, Hg-aromatic), 6.73 (d, Joriho=8.0 Hz,
1H, Hs-aromatic) and 6.80 (d, Jmeta=1.8 Hz, 1H, Hp-aromatic).

13C NMR (D70): & 14.5 (-CH3), 31.4 (-CH-COO-), 44.3 (-N-CH»-CHj-), 54.3 [-C(OH)-
CH7-N-1, 63.7 (-COO-CH3-), 69.5 [-C(OH)-], 115.1, 117.6, 119.8 (aromatic CH), 133.3,
145.5, 145.6 (aromatic C) and 173.7 (-COO-).

I13C NMR (MeOH-dyg): & 14.5 (-CH3), 34.9 (-CH»-COO-), 45.6 (-N-CH,-CHj»-), 57.7 [-
C(OH)-CH»-N-1, 61.6 (-COO-CH»y-), 73.2 [-C(OH)-], 114.2, 116.2, 118.6 (aromatic CH),
135.8, 146.0, 146.4 (aromatic C) and 174.0 (-COO-).

Elemental analysis calculated for C13H2oCINOs: C, 51.06; H, 6.59; N, 4.58%. Found C,
50.92; H, 6.62; N, 4.64%.

IR (KBr): 3404 cm™! (broad, -N+Hj-), 3315 cm! (broad, -OH), 1731 cm™1 (-COO-).

Mass spectrum (FAB): calculated mass for cation [C13H29NOs]* 270.13415 (M* - CI).
Accurate mass of cation found at m/e 270.13415 (M* - CI) (Section 2.4, Scheme 2.11).
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3.9.7 Methyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino-
propionatel09.113 (74, R= Me):

A solution of methyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate (3.91 g, 7.68 mmol) in methanol (50 ml) was hydrogenated at
room temperature under 60 psi hydrogen atmosphere in the presence of 10% palladium on
charcoal catalyst (0.39 g). After 12 hr, the catalyst was removed by filtration through celite
and the filtrate was evaporated under vacuum to dryness. The residue was washed with
toluene to remove the by-product diphenylmethane. The residue was evaporated under
vacuum to dryness to give methyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate as a pale pink solid. The product was highly oxygen (air) sensitive,
therefore all of the filtration and concentration manipulations were done under argon. The
compound (74, R=Me) was stored in the dark under argon (1.82 g, 7.13 mmol, 93%).

IH NMR (MeOH-dy): 6 2.75 (broad, 2H, -CH-CQO-), 3.04 [broad, 2H, -C(OH)-CH>-N],
3.22 (broad, 2H, -N-CH7-CH»>-), 3.71 (s, 3H, -OCH3), 4.76 [broad, 1H, -C(OH)-H],
6.66-6.94 (m, 3H, aromatic).

13C NMR (MeOH-ds): 8 31.0 (-CH,-COQ-), 44.4 (-N-CH»-CHj-), 50.0 (-OCH3), 54.4 [-
C(OH)-CH»-N-], 79.5 [-C(OH)-1, 114.7, 116.6, 119.7 (aromatic CH), 129.3, 147.0,
147.2 (aromatic C) and 172.4 (-COO-).

3.9.8 Propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino-
propionatel09.113 (74, R= n-Pr):

A solution of propyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-
benzyl-3-aminopropionate (1.57 g, 2.92 mmol) in n-propanol (50 ml) was hydrogenated at
room temperature under 60 psi hydrogen atmosphere in the presence of 10% palladium on
charcoal catalyst (157 mg). After 24 hr, the reaction mixture comprised of the starting
material and propyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (105, R=Pr). The reaction mixture was subjected to a hydrogen
atmosphere for a further 48 hrs, after which time the reaction mixture comprised of 10%
propyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(105, R=Pr) and 90% propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=Pr). The catalyst was removed by filtration through celite and the
filtrate was evaporated under vacuum to dryness to give propyl N-[2'-(3",4"-

dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate with 90% purity.
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IH NMR (MeOH-dy): 8 0.82 (t, Jyu=7.5 Hz, 3H, -CH3), 1.51 (sextet, Jyg=7.1 Hz, 2H,
-CHp-CH3), 2.43 (t, Jug=6.5 Hz, 2H, -CH2-COO-), 2.59 [dd, Jgem=12.1, Jyy=4.8 Hz,
1H, -C(OH)-CHAHB-N-], 2.67 [dd, Jyu=12.1, Jyy=8.4 Hz, 1H, -C(OH)-CHaHg-N-],
2.78 (t, Jyu=6.5 Hz, 2H, -N-CH»-CHj3-), 3.91 (t, Jyg=6.6 Hz, 2H, -COO-CHj3-), 4.49
[dd, Jyu=4.8, Jyg=8.3 Hz, 1H, -C(OH)-H], 6.55 (dd, Jortho=8.1, Jmeta=1.9 Hz, 1H, Hg-
aromatic), 6.61 (d, Jortho=8.0 Hz, 1H, Hs-aromatic) and 6.69 (d, Jmeta=1.8 Hz, 1H, Hp-

aromatic).

13C NMR (MeOH-d4): § 10.7 (-CH3), 23.0 (-CH3-CH3), 34.7 (-CH-COO0-), 45.6 (-N-
CH7-CHj3-), 57.6 (-HOCH-CH>-N-), 67.3 (-COO-CH»-), 73.0 [-C(OH)-], 114.2, 116.2,
118.6 (aromatic CH), 135.8, 146.0, 146.4 (aromatic C) and 174.0 (-COO-).

3.9.9 Butyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino-
propionate!09.113 (74, R= n-Bu):

Butyl N-[2'-(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-amino-
propionate (3.5 g, 6.35 mmol) in n-butanol (50 ml) was hydrogenated at room temperature
under 60 psi hydrogen atmosphere in the presence of 10% palladium on charcoal catalyst
(150 mg ). After 24 hr, the reaction mixture contained starting material and butyl N-[2'-
(3",4"-diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (105, R=Bu).
After hydrogenation for 96 hrs, the reaction mixture still contained 70% butyl N-[2'-(3",4"-
diphenylmethylenedioxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (105, R=Bu) and
30% butyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R=Bu). The catalyst was removed by filtration through celite and the filtrate was evaporated
under vacuum to dryness to give butyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-

aminopropionate in 30% purity.

IH NMR (DMSO-dg): 8 0.88 (t, Jyy=7.3 Hz, 3H, -CH3), 1.32 (sextet, Jyy=7.4 Hz, 2H,
-CH»-CH3), 1.56 (pentet, Jyy=7.04 Hz, 2H, -CH»-CH3-CH3), 2.80 (t, Jyy=7.1 Hz, 2H,
-CH»-COO0-), 2.85-3.28 [m, 2H, -C(OH)-CH>-N-], 3.3-3.55 (m, 2H, -N-CH,-CH3-),
4.05 (t, Jyg=6.5 Hz, 2H, -COO-CH3-), 4.85 [dd, Jyu=7.9 Hz, Jyu=4.0, 1H, -C(OH)-H],
6.91 (dd, Jortho=8.1 Hz, Jpeta=not resolved, 1H, Hg-aromatic), 7.04 (d, Jortho=8.0 Hz,
1H, Hs-aromatic), 7.07 (d, Jmeta=1.4 Hz, 1H, Hp-aromatic), 8.7 (broad s, 1H, phenolic
-OH) and 9.1 (broad s, 1H, phenolic -OH).
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3.9.10 Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-amino-
propionatel® (107):

A solution of ethyl N-[2'-(3",4"-dipivaloxyphenyl)-2'-hydroxyethyl]-N-benzyl-3-
aminopropionate (0.80 g, 1.55 mmol) in ethanol (50 ml) was subjected to hydrogenation in
the presence of 10% palladium on charcoal (80 mg) at room temperature and pressure. The
uptake of hydrogen ceased after 40 min. The catalyst was removed by filtration through celite
and the filtrate was evaporated to dryness. The residue was extracted into ether which was
evaporated to dryness to yield an thick oil which on standing solidified. The solid was
recrystallised from hexane to yield ethyl N-[2'-(3",4"-dipivaloxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (0.67 g, 1.53 mmol, 89%).

IH NMR (CDCl3): (Assignment were made with the aid of a COSY) 6 1.26 (t, Jyy=7.13
Hz, 3H, -CH3), 1.33 (s, 9H, BulCOO0), 1.34 (s, 9H, BulCOO), 2.49 (t, Jyg=6.41 Hz, 2H,
-CH2-COO-), 2.66 [dd, Jgem=12.2, Jyu=9.1 Hz, 1H, -C(OH)-CHAaHB-N-], 2.84-3.00
[m, 3H, -C(OH)-CHAHR-N-, -N-CH»-CH>-], 4.14 (q, Jyu=7.1 Hz, 2H, -COO-CH2-),
4.67 [dd, Juu=9.1, Jgg=3.4 Hz, 1H, -C(OH)-H], 7.08 (d, Jortho=8.3 Hz, 1H, Hs-
aromatic), 7.15 (d, Jmeta=1.7 Hz, 1H, Hp-aromatic) and 7.19 (dd, Jortho=8.3, Jmeta=1.7
Hz, 1H, Hg-aromatic). By integration OH and NH lie between 2.2 and 3.4 as very broad
peaks.

13C NMR (CDCl3): § 14.1 (-CHz3), 27.1 [-C(CH3)3], 34.6 (-CH2-COO), 38.6 [-C(CH3)3],
44.5 (-N-CH,-CH>-), 56.7 [-C(OH)-CH3-N-1, 60.4 (-COO-CH>-), 70.6 [-C(OH)-], 120.6,
123.1, 123.4 (aromatic CH), 141.2, 141.5, 142.3 (aromatic C), 172.5 (CH,COO), 175.7
(ButCOO) and 175.8 (ButCOO).

IR (KBr): 3506 cm~! (OH), 1759 cm™! [COO-C(CH3)3], 1734 cm™! (COO-C3Hs5), 1504
and 1481 cm™! (C=C), 1257 and 1113 cm! (C-O-C).

Elemental analysis: Calculated for C23H36NO7: C, 63.14; H, 8.06; N, 3.20%. Found: C,
62.94; H, 8.07; N, 3.02%.

Mass spectrum (CI, NH3): calculated mass for C23H37NO7 438.2492 (M + H*). Observed
accurate mass 438.2492 (M + H*). Mass spectrum (CI, NH3): m/e 438 (M + H*, 100%),
130 (HyC=N+H-CHjy-CH2-COOC2Hs3s, 32%). Mass spectrum (EI, NH3): m/e 130
(HpC=N+H-CH,-CH,-COOC,H35, 85%), 84 (HoC=N-CH7-CH>-C=0%*, 40%), 57
(HpC=N+H-CH=CHjy, 100%), 42 (HoC=N*=CHp, 41%) (Section 2.5, Scheme 2.12).
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3.9.11 N-[2'-(3",4"-Dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic
acid (74, R=H):

Ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (0.1 g, 0.327
mmol) was dissolved in 25 ml of distilled water and acidified with 0.5 ml of conc. HCl and
stirred at room temperature for two days. Water was removed under vacuum to dryness and
water was added again and evaporated under vacuum to remove exess of acid, to give N-[2"-
(3",4"-hydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid (74, R=H) as a
hydrochloride salt (0.085 g, 0.306 mmol, 94 %).

1H NMR (D70): 8 2.91 (t, Jyg=6.6 Hz, 2H, CH,-COO0), 3.22-3.42 [m, 2H, -C(OH)-CHz-
N-], 3.42-3.52 (m, 2H, -N-CH»-CH»-), 4.97 (dd, Jyn=8.3, Jyu=4.9 Hz, 1H, -C(OH)-H],
6.91 (dd, Jortho=8.3, Jmeta=2.0 Hz, 1H, Hg-aromatic), 6.99 (d, Jortho=8.3 Hz, 1H, Hs-
aromatic) and 7.0 (d, Jpea=2.0 Hz, 1H, Hp-aromatic).

13C NMR (D70): 8 31.0 (-CH-COO-), 44.27 (-N-CH-CHj3-), 54.26 [-C(OH)-CH-N-],

69.45 [-C(OH)-], 115.0, 117.53, 119.77 (aromatic C-H), 133.26, 145.47, 145.41
(aromatic C) and 175.47 (-COO-).
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4.1 INTRODUCTION

This chapter is a discussion on the development of HPLC methods for the quantitative
analysis of soft-drugs, prodrug and related analogues during the course of this study. HPLC
is undoubtedly one of the most valuable and versatile analytical techniques currently available
to the pharmaceutical scientist. Its attributes include the ability to efficiently separate and
detect a wide range of molecules with varying molecular weight, polarities and thermal
labilities. The technique is especially valuable in the analytical separation of groups of closely
related compounds such as enantiomers, degradation products, metabolites and structural
analogues. In addition, the provision of a rapid, specific, sensitive and readily quantifiable
assay system makes HPLC an ideal analytical method for this purpose.

The development of a suitable assay procedure may be achieved by the modification of
several variables which determine the efficient chromatographic separation of compounds.
Once the basic components of the systems are assembled, selection of an appropiate column-
stationary phase is the initial criterion. A number of these are available and a single stationary
phase may be used for the analysis of a multitude of compounds. System selectivity and
separation of individual components is however achieved by the careful choice of mobile
phase. Changes in solvent composition together with selection of an appropriate UV
detection wavelength are used to achieve optimal detection and resolution which may be
quantified in terms of various mathematical parameters. Internal standards may be
incorporated into samples to aid standardisation by minimising errors caused by fluctuation
in column performance, while analyte concentrations are determined by interpolation from
calibration plots which are validated in terms of their linearity. The development of HPLC
methods for soft-drugs, prodrugs and analogues, described in this thesis, will be discussed
in this chapter with respect to these variables.

Comprehensive accounts of the theoretical principles and practical aspects of HPLC may be
found in several texts.119:120 Basically the system involves the delivery of the sample
through an injection valve onto a solid-phase chromatographic column. A combination of
partitioning and adsorption processes distribute the analyte between the solid stationary, and
the liquid mobile phase, by virtue of their physicochemical characteristics and results in
separation and elution of the analyte through a detection device where they may be
quantified.

The HPLC system used may be quantified by a number of mathematical parameters which
define chromatographic performance in terms of retention and resolution. Figure 4.1
illustrates a typical HPLC chromatogram for a two-component mixture where to, ta and tg
are the retention times of a solvent front or unretained solute, component A and component B
respectively; ty is commonly recognised as the first disturbance in the baseline, usually

observed as the solvent front.
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Figure 4.1: Typical HPLC chromatogram of a two-component mixture.

Mathematical parameters in
HPLC

Formula Typical value

Column capacity factory (k') ka'= (t%;—t‘gz 1-10

(a measure of sample retention)

. N2
Number of theoretical plates (N) Ne=16 ( A ) 2,500 - 10,000 m-!

(per metre of column length) Wa

Column length (L) in cm L 10 - 25 cm
. L

Efficiency (H) H= g 25 -100 um

(height equivalent to theoretical plates)

The resolution (Rg), of a system is a 2 (tg - ta) Rg= 1.0, satisfactory
measure of the efficiency of the Rs = (WA + Wp) | separation with ~2% overlap

separation of different components Rg= 1.5, total separation

Table 4.1: Mathematical parameters and their typical values in HPLC.

Mathematical parameters which can be calculated for a typical HPLC chromatogram are given
in Table 4.1. A value of less than 1 for the column capacity factor indicates inadequate
separation from the solvent front, whilst large values of k', greater than 10, are associated
with long retention times and broadened peaks. Columns with large N values will produce

narrow peaks and better resolution than those with lower N values.

150



CHAPTER FOUR: HPLC of B-adrenoceptor agonists

4.2 MATERIALS

Alkyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionates (74, R=Et,
Pr), ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107)
and alkyl N-(2'-phenyl-2'-hydroxyethyl)-3-aminopropionates (50, R=Me, Et) were
synthesized as described in chapter three.

All other chemicals and solvents were purchased from Aldrich, Lancaster and Fisons and
were used as received. HPLC grade solvents were used for the preparation of HPLC mobile
phases whilst other chemicals were either Analar or reagent grade as appropriate.

4.3 INSTRUMENTATION (High-performance liquid chromatography)

High-performance liquid chromatograpy (HPLC) analyses were performed using a system
constructed from an Altex 100A dual reciprocating, solvent-metering pump delivering mobile

phases, typically at a flow rate of 1 ml min-1, to a stainless-steel column (10 cm x 4.6 mm;
column length x internal diameter) packed with 5 um Hyposil-ODS (Shandon, UK)

reversed-phase material. Samples were introduced through a Rheodyne 7120 injection valve
fitted with a 10 pl, 20 pl or 100 ul loop as appropiate, UV detection was accomplished with
a Pye Unicam LC variable UV wavelength detector equipped with an 8 pl flow cell and
sensitivity setting ranging from 0.08 to 1.28 AUFS. Chromatograms were recorded using a
Gallenkamp Euroscribe chart recorder operating at a chart speed of 15 cm h-1.

All pH measurements were undertaken using a Philips CD 660 Digital pH meter (3 decimal
place display) or a WPA CD 660 Digital pH meter (2 decimal place display) in conjunction
with a Gallenkamp combination glass electrode calibrated with Colourkey® buffer solutions
(BDH Ltd).

A range of electronic balances; Sartorius 1601 MP8 and analytic A200S (four decimal place)
instruments were used for accurate weighing purposes. A Kerry laboratory sonicator was
employed where sonication was required as an aid to dissolution or solvent de-gassing.

4.4 EXPERIMENTAL

The UV spectrum of compounds were recorded on a Philips PU 8730 UV/VIS spectrometer
in CHCI3 to determine Amax values.
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4.5 RESULTS AND DISCUSSION

4.5.1 Selection of UV wavelength

The use of a UV detector to monitor the presence and concentration of analyte separated on
the chromatographic column requires a preliminary knowledge of the UV absorption
characteristics of the compounds of interest. Hence, the UV spectra of soft-drugs (74, R=
Et, Pr), prodrug (107) and their analogues (50, R= Me, Et) were initially studied in the
range 200-350 nm. Two examples are illustrated in Figures 4.2 and 4.3. All compounds
were found to have a maximum absorption at 210 nm and 255 nm, but 210 nm wavelength

was chosen for the HPLC analysis due to sensitivity.

Absorbance

200 250 300 ' 350
nm

Figure 4.2: UV spectrum of ethyl N-[2'-(3" 4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R=Et) in chloroform (200-350 nm).
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Figure 4.3: UV spectrum of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyi)-2'-hydroxyethyl]-3-aminopropionate
(107) in chloroform (190-450 nm).

4.5.2 Choice of stationary phase

Analytical separations were performed by HPLC using a stainless steel column packed with
5 um Hypersil-ODS reversed-phase material. The hydrophobic alkyl-bonded phase permits
the use of highly polar mobile phases. The surface silanol groups are modified with
hydrocarbon derivatives to yield a non-polar surface coating. This process is termed
reversed-phase chromatography and enables the separation of polar compounds which would
not be eluted from normal phase systems. The octadecylsilane (ODS-Cjg) bonded phase is
probably the most widely used.

Silica-based bonded phases are prone to degradation at extreme pH's. Consequently, they
were operated between the suggested guidelines of pH 2.5 and 7.0. At low pH values (pH <
2.5) there may be loss of bonded phase, whereas at higher pH values (pH > 7) the silica
particles are prone to dissolution.

153



CHAPTER FOUR: HPLC of B-adrenoceptor agonists

4.5.3 Choice of mobile phase

The soft-drugs and their analogues contain amino groups in the structure which give broad
tailing peaks. This was dramatically improved by the addition of diethylamine (0.1% v/v) to
the mobile phase at pH 3.0. Adjusting the mobile phase to pH =3 ensures that the samples
are in a protonated form and added base reduces acidic and basic silanol interactions.
Consequently, all mobile phases were acidified to a pH 3.0 with orthophosphoric acid to
improve chromatography.

The prodrug (107) gave a very long retention time with a broad peak. Chromatography was
improved by the addition of tetrabutylammonium hydroxide (0.1% v/v), which decreased the
retention time and sharpened the peak. The strong base interacts with the polar regions of the
silica and allows the amine to elute quickly, therefore the retention time of the amine
decreases and the peak is sharpened.

Dissolved gases can cause deterioration in chromatography by degassing in the detector
flow-cell or by the formation of UV-absorbing complexes with solvents.12! To minimise
these problems, mobile phases were degassed by vacuum filtration or sonication prior to
HPLC analyses.

4.5.4 Analysis of soft-drugs, their prodrugs and their analogues

The soft B-adrenoceptor agonists and their analogues used in this work were generally
analysed using mobile phases consisting of varying concentrations of acetonitrile in distilled
water and 0.1% diethylamine or 0.1% tetrabutylammonium hydroxide, adjusted to a final pH
of 3.0 with orthophosphoric acid. A flow rate of 1ml min-! was employed and the column
eluant was usually measured spectrophotometrically at 210 nm. Sample injection volumes
were typically 10 pl but were increased up to 100 pl according to the specific experimental

conditions. Similarly, sensitivity settings ranged from 0.08 to 1.28 AUFS.

During the development of suitable systems for these compounds, the effect of varying
acetonitrile concentrations (4-30%) on their retention time and resolution was investigated.
Examples of the resulting chromatograms for soft-drugs (74, R= Et, Pr), pro-soft-drug
(107) and their analogues (50, R= Et, Me) are shown in Figures 4.4, 4.5, 4.6, 4.8, and
4.10. Calculations of resolution (Rs) between adjacent peaks, values of tg, k', N and H
quantifying the chromatographic efficiency of these systems are summarised in Tables 4.2,
4.3,4.5,4.7, and 4.9. The values of these parameters were useful indicators in choosing a
mobile phase for the compounds.
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The final selection of a solvent system was also dependent on the specific experimental
conditions which determined whether a particular substance was to be analysed separately or
in conjunction with other analogues, metabolites, degradation or reaction products. Subtle
variations in the column performance amongst different columns were also occasionally
noticeable; these occurred rarely and were usually negligible. However, analysis of
compounds with capacity factors close to 1 or those resolving close to other peaks sometimes
necessitated minor changes in the solvent composition with different columns for efficient
chromatography. As a result of these factors, different mobile phases were employed for
analysis of the same compound (e.g., prodrug, 107) under varying test procedures. The

solvent systems and conditions used for these compounds are summarised in Table 4.11.

In these instances, the highest acetonitrile concentration which could be employed was 30%,
allowing sufficient resolution of prodrug (107) from intermediate (N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid, (120) and N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid (74, R=H) (see chapter six,
Section 6.1). In contrast, the soft-drug (74, R=Et) and its analogues were analysed using a
mobile phase with a lower acetonitrile content of 4% v/v. Quantification of sample peak
responses was achieved by way of calibration measurements. These were performed for the
test compounds during each assay procedure, under the conditions of that particular
experiment and in an appropiate concentration range. The validity of this technique was
assessed by examining the linearity of the calibration curve of peak height against compound

concentration.

4.54.1 Choice of mobile phase for alkyl N-(2'-hydroxy-2'-phenylethyl)-3-
aminopropionates (50, R= Et, Me)

Mobile phase using methanol:

A series of mobile phases with 30, 40 and 50% of methanol in distilled water were prepared,
with 0.1% diethylamine and the pH adjusted to 3.0 with orthophosphoric acid. The values
of tr, k', N, H and resolution (Rg) between adjacent peaks quantifying the chromatographic
efficiency of these systems are summarised in Table 4.1. It was found that 30% methanol in
water is a satisfactory mobile phase for methyl N-(2'-hydroxy-2'-phenylethyl)-3-
aminopropionate (50, R= Me) with a retention time of 4.1 min (Table 4.2). 40% Methanol
in water is appropriate for ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=
Et) with a retention time of 7.0 min (Table 4.2). The HPLC chromatogram of ethyl N-(2'-
hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Et) and methyl N-(2'-hydroxy-2'-
phenylethyl)-3-aminopropionate (50, R= Et) are shown in Figures 4.4 and 4.5 respectively.
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OH
@—lc— CH,~NH-CH,-CH,-COO-R

II‘I (50)

Compounds| MeOH (%) | tg (min) k' [N (m1 | H (um) Rs from
Acid (R=H)
Methyl ester 30 4.1 1.93 332 301 1.86 "
(50, R= Me) 40 3.2 1.28 113 885 0.67
Ethyl ester 30 7.0 4.0 306 327 4.0
(50, R= Et) 40 4.2 2.0 282 354 2.88
Acid 30 2.8 10 | 502 200 : I

(50, R= H) 40 2.4 071 | 1475 68 i "

Table 4.2: Chromatographic data for ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=
Et) and methyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Me) in 30 and
40% methanol in water mobile phase.
Flow rate is 1 ml min-!.

With high concentrations of methanol, peaks are broad with tailing; this was avoided by

using acetonitrile, which can be used in lower concentrations.

e

Y T
0 s 10

Figure 4.4: HPLC chromatogram of [A= ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=
Et)] in 40% methanol in water mobile phase [B= acid; (50, R= H)].
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Figure 4.5: HPLC chromatogram of [A= methyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50,
R= Me)] in 30% methanol in water mobile phase [B= acid; (50, R= H)].

Mobile phase using acetonitrile:

A series of mobile phases with 10, 15 and 20% acetonitrile in water were prepared, with
0.1% diethylamine and the pH adjusted to 3.0 with orthophosphoric acid. Acetonitrile
(15%) in water was found to be the best mobile phase for ethyl N-(2'-hydroxy-2'-
phenylethyl)-3-aminopropionate (50, R= Et) with tg 8.8 min [tg acid (R= H), 1.6 min] and
resolution between the ester and the acid is Rg= 5.54 (Table 4.3). The HPLC traces of ethyl
N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Et) are shown in Figure 4.7.

?H
@-(IJ—CHZ—NH-CHZ-CHZ-COO-R
H (50)
Compounds Wa tr (min) k' N (m1) | H (um) Rs from
(min) Acid (R= H)
Ethyl ester 2.2 3.8 5.7 2.560 40
(50, R= Ep) 5.54
Acid 0.4 1.6 02 | 2,560 40
(50, R= H)

Table 4.3: Chromatographic data for ethyl N-(2-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Et)
and acid (50, R= H) in 15% acetonitrile in water mobile phase.
Flow rate is 1 ml min-1.
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A calibration graph was plotted with different concentrations of ethyl N-(2'-hydroxy-2'-
phenylethyl)-3-aminopropionate (50, R= Et) against peak height; the graph was linear
(R2=0.997) and calibration statistics are shown in Table 4.4 and Figure 4.6.

n Concentration | Mean peak height Standard Coefficient of
(LM) (cm) deviation (op.1) | variation (cv%)

I 210.7 24.92 0.104 0.418

189.6 21.57 0.076 0.354

168.6 20.02 0.076 0.382

147.5 17.17 0.076 0.445

126.4 15.63 0.076 0.489

105.4 12.30 0.050 0.407

84.3 10.32 0.126 1.219

63.2 7.18 0.076 1.064

42.1 5.22 0.104 1.994

21.1 2.52 0.076 3.031

Table 4.4: Statistical data for ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et),
showing standard deviation and coefficient of variation in calibration curve (n=3).

Peak height (cm)

100 150
Conc. ( u M)

200 250 300

B  Mean peak height (cm)

* Standard deviations do not
exceed symbol size

Figure 4.6: Calibration graph for ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et) in
15% acetonitrile in water mobile phase.
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Figure 4.7: HPLC chromatogram of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et)
in 15% acetonitrile in water mobile phase [B= acid; (50, R= H)].

- 4.54.2 Choice of mobile phase for ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et)

A series of mobile phases with 4, 5, 10, 15 and 20% acetonitrile in water were prepared,
with 0.1% diethylamine and the pH adjusted to 3.0 with orthophosphoric acid. Acetonitrile
(4%) in water was found to be the best mobile phase for ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et) with tg 8.8 min [t acid
(R=H), 2.4 min] and the resolution Rg (ester : acid)=4.92 (Table 4.5). The HPLC traces of
ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et) are
shown in Figure 4.8.
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B
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Figure 4.8: HPLC chromatogram of [A= ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et)] in 4% acetonitrile mobile phase [B= acid; (74, R= H)].

e s
— =

HO (|)H

H (74)

Compound | WA |tg (min) | k' [N (ml)| H (um) R from
(min) Acid (R=H)
Ethyl ester 29 2.3 45 2,560 40
(74, R= Et) 497
Acid 0.8 2.4 0.5 2,560 40
(74, R= H)

Table 4.5: Chromatographic data for ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl)-3-
aminopropionate (74, R= Et) in 4% acetonitrile mobile phase.
Flow rate is 1 ml min-1.

A calibration graph was plotted with different concentrations (20-175 uM) of ethyl N-[2'-
(3",4”—dihydroxyphenyl)-2‘-hydr0xyethy1]-3—aminopr0pionate (74, R= Et) against peak
height and the graph was linear (R2=0.999). Calibration statistics are shown in Table 4.6
and Figure 4.9.
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Concentration | Mean peak height Standard Coefficient of
(uM) (cm) deviation (6p.1) | variation (cv%)
176.6 21.97 0.205 0.934
H 157.0 19.53 0.247 1.263
137.4 17.56 0.093 0.529
117.7 15.02 0.104 0.693
I 98.1 12.65 0.061 0.483 |
| 78.5 10.16 0.093 0.915
Il 58.9 7.75 0.061 0.788
39.3 5.34 0.140 2.622
I 19.6 2.29 0.042 1.818

Table 4.6: Statistical data for ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74, R= Et), showing standard deviation and coefficient of variation in calibration curve (n=3).

30
E ]
<207
:En & Mean peak height (cm)
= ] * Standard deviations do not
o . exceed symbol size
S 10 1
¥ ]

] y =0.32694 + 0.12380x RA"2 =0.999
0 -memj

0 50 100 150 200
Concentration (1 M)

Figure 4.9: Calibration graph for ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et) in 4% acetonitrile in water mobile phase.
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4.54.3 Choice of mobile phase for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107)

Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) and
intermediates N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid
(120), ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R=Et) and dihydroxy acid (74, R=H) could not be monitored simultaneously due to large
differences in polarity of the compounds (Chapter five, Section 5.3.7). Despite manipulation
of the mobile phase with ion-pairing agents, the retention times of the polar ethyl N-[2'-
(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=Et) and N-[2'-
(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid (74, R=H) could not be
increased sufficiently to allow separation from the solvent front, whilst maintaining
acceptable chromatography of the better retained and late-eluting triester (107). The mobile
phase consisting of 30% acetonitrile in water with 0.1% v/v tetrabutylammonium hydroxide,
adjusted to pH 3.0 with orthophosphoric acid was used to separate triester (107) and
dipivaloyl acid (120) from ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=Et) and dihydroxy acid (74, R=H). The retention time for triester
(107) was 9.4 min and that for dipivaloyl acid (120), 5.4 min. The resolution Rg [triester
(107) : dipivaloyl acid (120)] was 1.54 (Table 4.7). The HPLC trace of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-amino propionate (107) is shown in Figure 4.10.

A mobile phase comprising 4% acetonitrile in water with 0.1% v/v diethylamine, adjusted to
pH 3.0 with orthophosphoric acid was used to separate ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=Et) and dihydroxy acid (74,
R=H) which are formed from the hydrolysis of triester (107).

i P ?
}—C—o IC—CHz—-NH—CHz—CHz—C"‘OR
po g
>—c—0
(107)
Rg from
Compound W_A tg (min) k' N (m1) | H (um) | Dipivaloyl
(min) acid (R= H)
Triester 3.6 9.4 596 | 1,001 91
(107, R=Et) 1.54
Dipivaloyl acid 1.6 5.4 3.0 1,823 55
(120) _

Table 4.7: Chromatographic data for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyi}-3-
aminopropionate (107) in 30% acetonitrile in water mobile phase.
Flow rate is 1 mi min-L.
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Figure 4.10: HPLC chromatogram of [A= ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107)] in 30% acetonitrile mobile phase [B=dipivaloyl acid; (120, R= H)].

A calibration graph was plotted with different concentrations (5-120 uM) of ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl)-3-aminopropionate (107) against peak
height. The graph was linear (R2=0.997) and calibration statistics are shown in Table 4.8

and Figure 4.11.

07y =0.18564 + 0.18929x RA2 = 0.997
] B  Peak height (cm)
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Figure 4.11: Calibration graph for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in 30% acetonitrile in water mobile phase.
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Concentration | Mean peak height Standard Coefficient of
(LM) (cm) deviation (op.1) | variation (cv%)
116.0 22.30 0.436 1.955

I 104.4 20.03 0.208 1.039
92.8 18.03 0.379 2.100
81.2 14.67 0.503 3.431
69.6 13.07 0.643 4919
58.0 11.50 0.265 2.301
46.4 9.27 0.153 1.648
34.8 7.03 0.153 2.173
23.2 4.72 0.076 1.618
11.6 2.25 0.050 2.222
5.8 1.08 0.029 | 2.673 J

Table 4.8: Statistical data for ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107), showing standard deviation and coefficient of variation in calibration curve (n=3).

4.54.4  Choice of mobile phase for propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= n-Pr)

A series of mobile phases with 5, 10, 15 and 20% acetonitrile in water were prepared, with
0.1% diethylamine and the pH adjusted to 3.0 with orthophosphoric acid. Acetonitrile
(10%) in water was found to be the best mobile phase for propyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Pr) with tg 9.4 min. The
tr for the acid (74, R=H) was 1.6 min. The resolution Rg (ester : acid) was 4.33 (Table
4.9). The HPLC trace of propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino
propionate (74, R= Pr) is shown in Figure 4.12.

| e me— H\ /OH
HO C_NH-CH;~CH;—~COOR
HO I j 74)
Compound Wa tr (min) k' IN (m1)|H @um) s from
(min) Acid (R= H)
Propyl ester 2.8 9.4 5.71 1,803 56
(74, R= P 4.33
Acid (74, R=H) 0.8 1.6 0.14 640 158

Table 4.9: Chromatographic data for propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (74, R=Pr) in 10% acetonitrile in water.
Flow rate is 1 ml min-L.
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Figure 4.12: HPLC chromatogram of [A= propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyi]}-3-
aminopropionate (74, R= Pr)] in 10% acetonitrile mobile phase [B= acid; (74, R= H)].

A calibration graph was plotted with different concentrations (20-190 uM) of propyl N-[2'-

(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Pr) against peak
height. The graph was linear (R2=0.999) and calibration statistics are shown in Table 4.10

and Figure 4.13.

Concentration | Mean peak height Standard Coefficient of
" (LM) (cm) deviation (cpn.1) | variation (cv%)
190.8 23.58 0.104 0.441
171.7 21.30 0.050 0.235
152.6 19.15 0.150 0.783
| 133.5 17.10 0.132 0.774 All
l 114.5 14.72 0.093 0.631
76.3 10.35 0.100 0.968 |
l 57.2 8.00 0.090 1.120 4]
I 38.2 5.49 0.036 0.657
I 191 | 2.87 0.031 1.064 |

Table 4.10: Statistical data for propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74, R=Pr), showing standard deviation and coefficient of variation in calibration curve (n=3).
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Figure 4.13: Calibration graph for propyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Pr) in 10% acetonitrile in water.

4.6 SUMMARY

Suitable reversed-phase HPLC methods for the assay of the compounds under study were
developed. These enabled sensitive and specific analysis under a range of experimental
conditions, allowing separation of compounds from their hydrolysis products and
subsequent quantification. These methods, as techniques for quantitative analysis, were
validated in terms of linearity of calibration plots with respect to analyte concentration. The
linear regression correlation coefficients (R2) of these plots were determined to be 2 0.997,
thus validating the assay procedure for each compound. The different solvent systems used
for soft B-adrenoceptor agonist, prodrug of soft B-adrenoceptor agonist and their analogues

are summarised in Table 4.11.
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H_OH
R2:©/ C\/NH"CHZ—CHz‘ COORI
Ry

Compounds Mobile phase Sensitivity | Retention time (tR)
(AUFS) (min)
Methyl ester (50) 30% CH30H / water with 0.1% o6 tr (ester)= 4.1 min
.1 s D IR
(Ri= Me, Ry=H) | diethylamine and pH adjusted to tR [acid, Ry=Ro=H)]=
3.0 with orthophosphoric acid 2.8 min
Ethyl ester (50) 15% CH3CN / water with 0.1% 016 tR (ester)= 8.8 min
(R1=Et, Rp=H) diethylamine and pH adjusted to ' (R [acid, (Ry=Ro=H)]=
3.0 with orthophosphoric acid 1.6 min
Dihydroxy ethyl ester | 49, CH4CN / water with 0.1% IR (ester)= 8.8 min
0.16 D
(74) diethylamine and pH adjusted to tR [acid, (Rj=H, Ro=
(R1=Et, R2=-OH) | 3¢ yimn orthophosphoric acid OH))= 2.4 min
Dihydroxy propyl ester . .
YO Propy 10% CH3CN / water with 0.1% R (ester)= 9.4 min
(74) 0.32 (R [acid, (Ry= H, Rp=
diethylamine and pH adjusted to R [acid, (R1= H, Rp=
(Rl: PI‘, R2= —OH) i .
3.0 with orthophosphoric acid OH)J= 1.6 min
Dipivaloyl ethyl ester | 30% CH3CN / water with 0.1% tR (ester)= 9.4 min
tetrabutyl ammonium hydroxide 0.16 .
R [acid, (Ri= H, Ro=-
(107) [R1=Et,  |and pH adjusted to 3.0 with R lacid, (Ry=H, Ry

R2=-OCOC(CH3)3]

orthophosphoric acid.

OCOC(CH3)3]= 5.4 min

Table 4.11: HPLC solvent systems used for soft 3-adrenoceptor agonist, prodrug of soft B-adrenoceptor

agonist and their analogues.
Loop size in all experiments is 20 pl.
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5.1 INTRODUCTION

As [B-agonists are known to possess anti-inflammatory and anti-proliferative properties, a
therapeutic benefit in inflammatory dermatitis of an acute or chronic nature, and in
inflammatory proliferative disease such as psoriasis, could be anticipated. For a B-
adrenoceptor agonist to be useful clinically in the treatment of inflammatory and proliferative
skin disease, it is a pre-requisite that activity be restricted to the percutaneous layers, and that

no untoward cardiovascular effects occur as a consequence of systemic absorption.

The 'soft-drug' approach to drug design, as discussed earlier (Section 1.4.3, page 59),
involves the predictable in vivo detoxification of an active drug after therapeutic activity, in
order to minimize systemic toxicity. In contrast, the prodrug concept involves the controlled
in vivo bioactivation of a previously inactive species, prior to eliciting a pharmacological

response.87

Esterification is commonly the means used to modify the lipophilicity of drug derivatives,
thereby furnishing a prodrug which has ideal characteristics for partitioning into the stratum
corneum and which therefore permeates the skin more readily than the parent drug.
Reversion to the parent drug is facilitated by enzyme-catalysed ester cleavage, a process
which can exploit the significant metabolic capacity of the skin.122.123 The presence of
carboxylic acid and hydroxyl groups in drug molecules, together with the abundance of
cutaneous hydrolytic enzymes, makes esterification an excellent prodrug type for the dermal
delivery of many drugs.

Although esterification is perhaps the most common form of prodrug derivatization, it is by
no means exhaustive. The skin is recognised as a highly active metabolic organ and
cutaneous enzymes other than esterases, which can metabolize a wide range of endogenous
and exogenous substances have been identified.124.125,126 Consequently, enzyme-labile
derivatives other than esters, which are able to utilize this vast range of cutaneous enzyme
activities for bioactivation have been considered.!?7 A variety of topical drugs have been the
subject of such prodrug modifications in order to improve their penetration profile and/or
localize drug action within the skin (Table 5.1).

Taking this idea into consideration, soft-drugs (74, R= Me, Et) were synthesized as potential
antipsoriatic agents. Such soft-drugs (74) are thdrophilic and may be expected to show
poor penetration across the membrane (see Chapter seven, Section 7.3.1), therefore
lipophilic pro-soft-drugs (107) have been synthesized.
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ﬁ Bio-conversion

mechanism/Parent drug

Prodrug derivatives

Therapeutic use H

Chemical hydrolysis

5-Fluorouracil

N-Mannich bases

Psoriasis128,129

i Indomethacin

N,N-Dialkylhydroxy amine deriv.

Anti-inflammatory 130 “

6-Mercaptopurine

N-Mannich bases

Psoriasis!31

Theophylline

N-Mannich bases

Psoriasis!28

Enzymatic hydrolysis

“ Aspirin and salicylic acid

Methylthiomethyl and
methylsulfinylmethyl esters

Anti-inflammatory

|

Anti-inflammatory 134

Diflurocortolone Valerate ester
Anti-proliferative!35
Dithranol Triacetate Psoriasis!30
" 5-Fluorouracil N-Acyloxymethyl derivatives Psoriasis!37

Anti-inflammatory 138

Hydrocortisone Spirothiazolidine derivatives Anti-
proliferativel39,140
6-Mercaptopurine Bis(acyloxymethyl) derivatives Psoriasis!4!
6-Mercaptopurine Acyloxymethyl derivatives Psoriasis!42 |

Metronidazole Aliphatic esters Anti-microbiall43
Vidarabine 5'-Valerate ester Anti-vira] 144,145,146
Vidarabine 5'-Monoesters

Enzymatic oxidation

Theophylline

Acyloxymethyl derivatives

Psoriasis!48

Enzymatic reduction

Anti-viral147 “
|

Cromolyn

Pivaloyloxymethyl nitrate derivative

Anti-inflammatory 149 ||

Table 5.1: Examples of prodrugs developed for topical use.

In the context of present definitions of prodrug and soft-drug, the pivaloyl ester derivative

(107) of (74) may be regarded as a pro-soft-drug designed to enhance the topical

bioavailability of the parent drug. Figure 5.1 illustrates a simplified scheme for the

postulated hydrolysis of the triester (107). It was found that k is very high in the enzyme

hydrolysis with PLCE and kj is very small or negligible (k1»k2), whereas in chemical

hydrolysis k3 is very high compared to kj (ko»k1) (see Chapter six, Section 6.4).
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To meet our design constraints, the pro-soft-drug (A) is required to undergo hydrolysis to
the soft-drug (B) after penetrating the epidermal barrier, a bioactivation process which should
be facilitated in the presence of skin esterases. Metabolism of the active entity (B) to the
inactive species (C) subsequent to exerting a pharmacological response is the next
requirement. For this strategy to be satisfied, ki must be greater than kj, such that the
dominant pathway follows the following kinetic model (A—B—C; k»k2) as in the enzyme
hydrolysis, see Chapter Six, Section 6.4).

A
OH

0
| ]
c— OD/IC — CH,—NH —CH,—CH,—C— 0—CH,-CHj,
H

1 Pro-soft-drug (triester, 107)
B

k;
k,
H 0
]

— CH,;—NH—CH; = CH,—C—0 —CH,-CH,3

L0

9o
HO
Soft-drug (74, R=Et)

D
H

O
Il
Xy
->—C—O
" g Inactive metabolite (120)
3

H C

Il
— CH;—~NH~-CH,; - CH,~C—OH

n—0—C

T
HO

Figure 5.1: Postulated hydrolysis pathway of triester (107)

Inactive metabolite (74, R=H)
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The complexity of this series of events, the progression of which is dependent upon a
multitude of pharmacokinetic and physicochemical parameters involving drug (pro-soft-drug,
soft-drug, metabolite), vehicle and membrane is self-evident. Theoretical studies,
mathematically modelling the concurrent penetration and metabolism of drugs in the
skin150,15L,152 could serve to facilitate the rational evaluation of topical prodrug delivery in
such instances. A prior understanding of the factors governing the transport and metabolism

of biologically labile compounds is, however, a prerequisite.

In the current study, the ester soft-drug and prodrug of the B-adrenoceptor agonists and their
analogues were investigated for susceptibility to chemical and enzymatic hydrolysis using in
vitro models, namely isolated enzyme system, in order to assess their soft-drug and pro-soft-

drug potential.

5.2 EXPERIMENTAL

5.2.1 Chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et), ethyl ~N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) and
the unsubstituted phenyl- analogue (50, R= Et) from pH 2.0-11.0 at
50 °C.

Chemical hydrolyses were conducted from pH 2.0 to 11.0 in phosphate-citrate buffer at 50
°C (pH-rate profile). Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-amino-
propionate (107) (50 pg/ml solution) and unsubstituted phenyl- analogue (50, R=Et) require
10% acetonitrile in phosphate-citrate buffer to solubilize the esters. The hydrochloride salt of
(74, R= Et) is freely soluble in phosphate-citrate buffer, therefore it does not require
acetonitrile. Chemical hydrolysis of the soft-drug HCI (74, R= Et) and the pro-soft-drug
(107) were also carried out at pH 7.4 at 37 °C to allow comparison with enzyme hydrolysis
at 37 °C. The phosphate-citrate buffer from pH 2.0 to 8.0 were Mcllvine's buffer!53
(Appendix, Table 5.1A) and those at pH 9.0 and 10.0 were prepared with sodium carbonate
and sodium-bicarbonate.134 The final pH values are adjusted by the addition of phosphoric
acid.

Samples (0.5 ml) are withdrawn at appropriate time intervals during the experiment and 20 (il

aliquots were analysed by HPLC. Concentrations of ester were calculated from a calibration
line prepared from standards chromatographed under the same conditions.
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5.2.2 Enzyme hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et) and ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) with
porcine liver carboxyesterase at pH 7.4 at 37 °C.

The porcine liver carboxyesterase used in the hydrolysis studies was commercially available
purified carboxylic ester hydrolase (from Sigma Chemicals), available as suspension in 3.2
M ammonium sulphate solution adjusted to pH 8.0. Each mg of protein was equivalent to
230 Units, where each unit was capable of hydrolysing 1 pl of ethyl butyrate per minute at
pH 8.0 and at 25 °C. The esterase solution contained 11.0 mg of protein per ml of solution

and it was diluted as appropriate with distilled water, prior to use.

Reaction mixtures consisting of the esters are protection from light and air (under argon gas,
because catechols can undergo oxidation) with constant stirring at 37 °C.

A reaction mixture consisting of 164.0 uM ethyl N-{2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et) in 10 ml of phosphate-citrate buffer (pH 7.4)
was maintained at 37 °C. The reaction was initiated by the addition of porcine liver
carboxyesterase (i) 31 U (ii) 253 U which was previously incubated at 37 °C. Hydrolysis
was monitored by HPLC (20 pl sample being injected).

A reaction mixture consisting of 80.0 UM ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in 10 ml of phosphate-citrate buffer (pH 7.4) was
maintained at 37 °C. Porcine liver carboxyesterase (i) 5.06 U (ii) 6.29 U was added to the
reaction mixture and the reaction mixture was analysed by HPLC (20 pl sample was
injected).

In all experiments, 0.5 ml samples were withdrawn at appropriate time intervals during the
experiment and were analysed by HPLC. The concentration of ester was calculated from a
calibration line prepared from standards assayed under the same conditions. Experiments

were performed in duplicate together with controls, omitting the esterase solutions.
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5.2.3 Determination of dissociation constant (pKj, value) of ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) and their analogues (50, R=Et, Me) by potentiometric titrations.

Initially, the pKj of ephedrine HCI in water and 10% acetonitrile and of ephedrine base, in
10% acetonitrile in water, were determined as a check on method performance. Ephedrine
HCl was dissolved in distilled water, the solution was then titrated with 0.1 M KOH
(ephedrine base was titrated with 0.1 M HCI); the pH of the solution was determined by pH
meter. Solutions were similarly prepared and titrated as follows:

Methyl N-(2'-phenyl-2"-hydroxyethyl)-3-aminopropionate HCI (50, 129.92 mg, R= Me) in
40 ml of distilled water was titrated with 0.1 M KOH.

Ethyl N-(2'-phenyl-2'-hydroxyethyl)-3-aminopropionate (50,19.50 mg, R= Et) in 10 ml of
distilled water was titrated with 0.1 M HCI.

Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate HC1 (107,
180.80 mg) in 22 ml of distilled water was titrated with 0.1 M KOH.

All end-points were determined potentiometrically.

5.2.4 Determination of degradation profile of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) in
chemical [pD 8.57 (pH 8.17)] and enzyme medium (porcine liver
carboxyesterase, pH 7.4) at 37 °C.

A reaction mixture consisting of 80.0 uM ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in 10 ml of phosphate-citrate buffer (pH 7.4) was
maintained at 37 °C. Porcine liver carboxyesterase 6.29 U was added to the reaction mixture
and the reaction mixture was analysed by HPLC using a mobile phase of 30% acetonitrile in
water. The same experiment was repeated using 4% acetonitrile in water as the mobile phase

in order to identify the hydrolysis products.
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5.3 RESULTS AND DISCUSSION

5.3.1 Chemical hydrolysis of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-amino
propionate (50, R= Et) in phosphate-citrate buffer containing 10%
acetonitrile from pH 2.0 to 11.0 at 50 °C

Initially, the hydrolyses were conducted in phosphate-citrate buffer at pH 5.0 at 50 °C,
however, a first-order kinetic model was not followed due to the poor solubility of the
compound in phosphate-citrate buffer. Because the compound is lipophilic, it is not freely

soluble and it exists as a suspension in the buffer; sampling errors caused much deviation
(Figure 5.2).
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Figure 5.2: Chemical hydrolysis of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et) in
phosphate-citrate buffer pH 5.0 without any co-solvent.
The compound was not fully soluble in phosphate-citrate buffer.

To overcome this problem 10% acetonitrile was added as a co-solvent to solubilize the
compound. Figure 5.3 shows the first-order plots of ethyl N-(2'-hydroxy-2'-phenylethyl)-
3-amino propionate (50, R=Et), under the new conditions at different pH values at 50 °C;
the pH rate-profile is shown in Figure 5.7 [A]. Hydrolysis of ethyl N-(2'-hydroxy-2'-
phenylethyl)-3-amino propionate (50, R=Et) was acid-base catalysed. The pH rate-profile
was U-shape, suggesting there is also a solvent catalytic effect. The ethyl N-(2'-hydroxy-2'-
phenylethyl)-3-amino propionate (50, R=Et) was most stable at pH 4.1 with a half-life of
438 h. Rate constants and correlation coefficients at different pH values are shown in Table
5.2.
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Figure 5.3: Chemical hydrolysis of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Et)
in phosphate-citrate buffer pH 2.0 to 11.0 in 10% acetonitrile in water at 50 °C.
First Experiment Second Experiment
pH
k (h-1) cc (r?) log k “ k (h-1) cc (r?) log k
2.0 0.0119 0.999 -1.9242 0.0112 0.996 -1.9512
3.0 0.0028 0.997 -2.5467 0.0029 0.996 -2.5446
4.0 0.0016 0.996 -2.8002 0.0016 0.998 -2.7987
5.0 0.0015 0.992 -2.8349 0.0015 0.996 -2.8336
6.0 0.0049 0.983 -2.3078 0.0050 0.998 -2.3034
7.0 0.0629 0.997 -1.2010 0.0645 0.999 -1.1904
8.0 0.3350 1.000 -0.4750 0.3789 0.996 -0.4215
9.0 0.4895 0.994 -0.3102 0.3808 1.000 -0.4193
| 100 | 10807 | 1000 | 00337 | 10998 | 1.000 | 00413
ﬂ 11.0 5.9466 0.999 0.7743 6.0178 0.999 0.7794 |

Table 5.2: Rate constants of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-amino propionate (50, R= Et) from pH

2.0 to 11.0 in 10% acetonitrile in water at 50 °C.
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5.3.2 Chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate hydrochloride (74, R=Et) in
phosphate-citrate buffer containing 10% acetonitrile from pH 2.0 to
11.0 at 50 °C

Chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate hydrochloride (74, R= Et) was carried out from pH 2.0 to 11.0 in
phosphate-citrate buffer at 50 °C.

Figure 5.4 shows the first-order plots of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate hydrochloride (74, R= Et) at different pH values and the
pH rate-profile is shown in Figure 5.8 [A]. Hydrolysis of ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate hydrochloride (74, R= Et) was acid-
base catalysed. The pH rate-profile was U-shape, suggesting, again, that there is also a
solvent catalytic effect. The ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate hydrochloride (74, R= Et) was most stable at pH 3.7 with a half-life of 295
h. Rate constants and correlation coefficients at different pH values are shown in Table 5.3.
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Figure 5.4: Chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et) in phosphate-citrate buffer pH 2.0 to 11.0 at 50 °C.
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pH k (h-1) Correlation log k
coefficient (r2)
2.0 0.0079 0.993 -2.1023
3.0 0.0021 0.972 -2.6746
4.0 0.0026 0.980 -2.5901
5.0 0.0063 0.992 -2.2034
6.0 0.0348 0.992 -1.4581
7.0 0.2016 0.998 -0.6954
8.0 0.9363 0.996 -0.0286
9.0 1.4404 0.996 0.1585
10.0 3.2538 0.995 0.5124
11.0 10.807 0.992 1.0337

Table 5.3: Rate constants of ethyl N-[2'-(3" 4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R= Et) from pH 2.0 to 11.0 in 10% acetonitrile in water at 50 °C.

5.3.3 Chemical hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate hydrochloride (107) in phosphate
citrate buffer containing 10% acetonitrile from pH 2.0 to 11.0 at 50
°C

Hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) was carried out in phosphate-citrate buffer at pH 9.0 at 50 °C without any solvent.
The first-order plot does not give a straight line due to the insolubility of the compound in the
phosphate-citrate buffer. Different solvents were used to evaluate the solubility of ethyl N-
[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107). By monitoring
the linearity of the first-order hydrolysis plot (Figure 5.5), 10% acetonitrile in water was
considered suitable.
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Non linear
y =4.6100 - 0.30024x RA2 =0.999
y =4.6018 - 0.22182x RA2 =1.000

y = 4.6439 - 0.32855x RA2 =0.998
y = 4.6298 - 0.48174x RA2 =0.999
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Figure 5.5: Hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) in different solvents included in phosphate-citrate buffer at pH 9.0 at 50 °C.

Using 10% acetonitrile in aqueous buffer, Figure 5.6 shows the first order plots of ethyl N-
[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) at different pH
values at 50 °C. The pH rate-profile is shown in Figure 5.9 [A]. Hydrolysis of ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) was catalysed by
both acid and base. The pH rate-profile was, again, U-shaped. The ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) was most stable at pH 4.0
with a half-life of 560 h. Rate constants and correlation coefficients at different pH values
are shown in Table 5.4.
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Figure 5.6: Chemical hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in aqueous phosphate-citrate buffer, pH 2.0 to 11.0 containing 10%
acetonitrile at 50 °C.

600

pH k (h-1) Correlation log k
coefficient (r2)
2.0 0.0087 0.999 -2.0580
3.0 0.0021 0.996 -2.6766
4.0 0.0012 0.991 -2.9079
5.0 0.0025 0.995 -2.6103
6.0 0.0146 0.999 -1.8359
7.0 0.0986 0.999 -1.0063
8.0 0.2811 0.999 -0.5512
9.0 0.4817 0.999 - -0.3172
10.0 1.9082 0.999 0.2806
11.0 13.308 1.000 1.1241

Table 5.4: Rate constants of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl)-3-aminopropionate

(107) from pH 2.0 to 11.0 in 10% acetonitrile in water at 50 °C.
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5.3.4 Calculation of rate-constants (pH rate-profile) and pKj

5.3.4.1 Calculation of rate-constants and pK, for ethyl N-(2'-hydroxy-2'-
phenylethyl)-3-aminopropionate (50, R=Et)

The hydrolysis of an ester as a function of pH may be modelled by equation 5.1:

kobs = ki [H30%] + k2 [H20] + k3 [HO™]  covvve Eq. 5.1

where kops is the observed first-order rate constant, and ki, kp and k3 are the second order
rate constants for the individual reactions involving proton-, solvent- and hydroxide-ion

catalysis respectively.

There is, typically, a U- or V- shaped dependence of log(kobs) on pH, and a pH of minimum
degradation rate (pHmin) may be identified. This occurs when the acid-catalysed rate
[log(kobs)= log(ky) - pH] and the base-catalysed rate [log(kobs)= log(kaKw) + pH] are equal,
thus:

k
pHumin = 0.5 x log (k3 11<w) ................... Eq.5.2

When a basic group is present, the degradation is more complex as both neutral and
protonated forms may undergo reaction. In this case, the overall degradation rate (kobs) 1s
given by:

kobs = 0{k1[H30%]+ko[H20]+k3[HO 1} + (1-a) {ka[H30*]+ks5[H20]+kg[HO]} ...Eq. 5.3

Where ki, ko and k3 are the second order rate constants for the individual reactions of the
protonated base involving proton, solvent and hydroxide ion catalysis respectively, and ka,
ks and kg are the corresponding constants for the reaction involving the free base. The first
component, thus, models degradation of the protonated form and is important at low pH,
while the second component models degradation of the free base and is important at higher
pH values. The fraction protonated (o) is dependent upon the pKa (Kj) of the base and pH
([H3O*]) of the solution:

o
Ky + [H3O+] .................... Eq 54
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The contributions of the various terms are dependent upon pH as [H30%], [HO"] and the
fraction of the protonated base change. The pH-dependence of the hydrolysis of ethyl N-(2'-
hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et) is shown in Figure 5.7 [A]. This
shows a U-shaped profile at moderate pH values but a discontinuity, typical of the

involvement of an ionisation process, at higher values.

To obtain the individual rate constants for the degradation, the data were fitted, by non-linear
regression to equation 5.3 (k4=ks5=0) using programs NONREG and FIGP. Iteration was
rapid and yielded the values recorded in Table 5.5.

Parameter Value (1 mol-1 h-1) ﬂ
ki 1.0278 ||
ko 0.001197 |
Ky 670,056 I
ke 5289.0 I
K, 1.231 x 108 l
pKa 7.91

Table 5.5: Individual rate constants and pK, calculated by NONREG and FIGP programs in the hydrolysis
of ethyl N-(2-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R= Et).

The pKj of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et) estimated
from non-linear regression is 7.91 Thus, at pH values lower than this, the majority of the
compound is in the protonated form. Degradation at acidic pH values involves the protonated
species undergoing proton (k1) and hydroxide ion (k3) catalysed reactions. The intersection
of these two curves is rather flat and suggests that a small solvent-catalysed component (k7)
is also present. As the pH increases, the concentration of the free base grows at the expense
of the protonated form, and hydroxide catalysis (ke) of the free base becomes dominant. It is
unlikely that an acid-catalysed component (k4) is present at such high pH values and the
involvement of significant solvent catalysis (ks) at the high degradation rates observed is also
unlikely.

Hydroxide ion catalysed hydrolysis (k3) is very fast because the protonated amine may assist
hydrolysis of the ethyl ester by forming an intramolecular hydrogen bond.

"OH

OH
1 +
¢ em=ni
| i/
7 P
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The pK, of 7.91, estimated from non-linear regression, is in reasonable agreement with that
determined by direct titration (7.76) and indicates that satisfactory convergence was
achieved. Moreover, the pH of minimum rate of degradation calculated from these data
using equation 5.2 is pHpin= 4.1; a value which is in agreement with that obtained by
inspection of the plot (Figure 5.7). To confirm the analysis, the individual contribution of
each of the reactions (ki, k2, k3, kg, K3) to the observed degradation rate are displayed in
Figure 5.7 [B]. Summation of the individual contributions yield the observed curve; the
calculated lines indeed parallel the observed plot closely showing that a reliable analysis has
been undertaken.

5.3.4.2 Calculation of rate constants and pK, for ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=Et)

Data from the hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]j-3-
aminopropionate (74, R=Et) were also analysed by non-linear regression to equation 5.3
(k4=k5=0) using programs NONREG and FIGP and the individual rate constants are shown
in Table 5.6. This shows a U-shaped profile at moderate pH values but, again, there is
discontinuity, typical of the involvement of an ionisation process, at higher values (Figure
5.8 [A]). The pKj of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=Et) has been measured to be 7.40 Thus, at pH values lower than

this, most of the molecule is in the protonated form.

Parameter Value (I mol-1 h-1)
ki 0.5289
| Ky 0.002189
k3 2.6085 x 100
kg 11905.6
K, 1.806 x 10-8
pKa 7.74

Table 5.6: Individual rate constants and pK, calculated by NONREG and FIGP programs in the hydrolysis
of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl}-3-aminopropionate (74, R=Et).

The pK, estimated from non-linear regression, was 7.74, and the pH of minimum rate of
degradation calculated from these data using equation 5.2 is pHmin= 3.8; a value which is in
agreement with that obtained by inspection of the plot. To confirm the analysis, the
individual contribution of each of the reactions (ki, k2, k3, ke, Ka) to the observed
degradation rate are displayed in Figure 5.8 [B]. Summation of the individual contributions
yielded the observed curve; the calculated lines again parallel the observed plot closely

showing that a reliable analysis has been undertaken.
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5.3.4.3 Calculation of rate constants and pK, for ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107)

In the same way as that described in Sections 5.3.4.1 and 5.3.4.2, the hydrolysis data of
ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) was
analysed and individual rate constants are shown in Table 5.7. The pKj of ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) has been measured
to be 7.40 Thus, at pH values lower than this, most of the compound exists in the
protonated form.

Parameter Value (I mol-1 h-1)
k) 0.7927
“ ) 0.001105
k3 1.3656 x 100
ke 14922.6
K, 3.972x 108
“ pKa 7.40

Table 5.7: Individual rate constants and pK, calculated by NONREG and FIGP programs in the hydrolysis
of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2"-hydroxyethyl]-3-aminopropionate (107).

The pKj of 7.40, estimated from non-linear regression, is in excellent agreement with that
determined by direct titration (7.43) and indicates that satisfactory convergence was
achieved. The pH of minimum rate of degradation calculated from these data using equation
5.2 is pHmin= 4.0; a value which is in agreement with that obtained by inspection of the pH-
rate profile plot (Figure 5.9). To confirm the analysis, the individual contribution of each of
the reactions (ky, ko, k3, kg, Ka) to the observed degradation rate are displayed in Figure 5.9
[B].

The reactions of (50, R=Et), (74, R=Et) and (107) all involve hydrolysis of the ethyl ester
group. Small differences are apparent between the corresponding rate constants, however,
the overall picture is consistent and comparable between the three analogues.
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5.3.5 Enzyme hydrolysis of [3-adrenoceptor agonists with porcine liver
carboxyesterase in phosphate-citrate buffer at pH 7.4 and 37 °C:

When an enzyme (E) is mixed with a large excess of substrate (S), there is an initial period,
known as the pre-steady state, during which the concentrations of enzyme-bound
intermediates (ES) build up to their steady state levels. Once the intermediates reach their
steady state concentrations, the reaction rate changes relatively slowly with time. Steady-state
kinetics are important to understand metabolism because it measures the catalytic activity of

an enzyme.

k cat

E4§———=FES— oL E+P

The rate of the enzyme-catalysed reaction is dependent upon the concentration of both
enzyme and substrate. If the concentration of substrate is in excess, the reaction rate
increases linearly with increasing enzyme concentration. For a fixed concentration of
enzyme, increasing substrate concentration increases the rate of the reaction in a non-linear
relationship until the maximum rate occurs. This relationship is described by the Michaelis-

Menten equation (Equation 5.5).

= Vmax [S]
vV = Ky +[S] e Eq. 5.5

Where Vv is the initial rate of the reaction (-8S/0t), [S] is the substrate concentration, Vmax 18
the maximum reaction rate and Kps is the Michaelis constant, equal to the substrate
concentration at which the reaction rate is half its maximum value. The parameters Vpyax and
Kp are determined to indicate substrate capacity and affinity often by using a range of
substrate concentrations at one concentration of enzyme. The integrated Michaelis-Menten

equation takes the form Equation 5.6

S S Vimax t
nish + P = ngs)o + Bl - Ypat o

Where S, is the initial concentration and Sy is the concentration at time t. The non-linear

equation approximates to a the zero-order case when [S]o»Kpr (V=Vmay) and to a first-order

case when K»([S]o (v=k[S]; where the first order rate constant k=V /K ).

188




CHAPTER FIVE: Degradation Kinetics of Soft B-Adrenoceptor Agonists

5.3.5.1 Enzymatic hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate HCl (74, R=Et) in phosphate-
citrate buffer at pH 7.4 and 37 °C with PLCE.

The enzymatic hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (74, R=Et) was found to follow a first-order model (Kyy»Sg). Little
difference was observed between the rate of chemical and enzymatic degradation in the
presence of 31 units of porcine liver carboxyesterase, however rapid degradation was seen
when 253 units of enzyme was used. The half-life of ethyl N-[2'-(3",4"-dihydroxyphenyl)-
2'-hydroxyethyl]-3-aminopropionate HCI (74, R=Et) (164.0 tM) in 10 ml phosphate-citrate
buffer at pH 7.4 and 37 °C with 253 units of porcine liver carboxyesterase was 0.59 h (k=
1.1722 h-1, r2= 0.996, Figure 5.10, Table 5.8).

5.0 -1

=
2 '
= 4.0 ‘:
=
5
o y =4.6340 - 0.13126x R72=0.997 @ without PLCE
g . y =4.6390 - 0.14319x R”"2=0.995 © 31UPLCE
= - y =4.6839 - 1.1722x RA2=0.996 ®& 253 UPLCE
2.0 AR EEN S R T T 1
0 1 2 3 4 5 6

Time (h)

Figure 5.10: Enzyme hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=Et) with and without PLCE at pH 7.4 and 37 °C.

PLCE (Units) Conditions rate constant (h-1) | tj/2 (h) ]
No enzyme Hydrolysis at 37 °C in phosphate 0.13126 598
citrate buffer pH 7.4 without enzyme
31 Enzyme was added to 164.0 uM ester 0.14319 4.84

at pH 7.4 at 37 °C

253 Enzyme was added to 164.0 uM ester 1.17220 0.59
at pH 7.4 at 37 °C

Table 5.8: Enzyme hydrolysis of ethyl N-[{2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R=Et) with and without PLCE at pH 7.4 and 37 °C.
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5.3.5.2 Enzymatic hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-
2'-hydroxyethyl]-3-aminopropionate HCI (107) in phosphate-citrate
buffer at pH 7.4 and 37 °C with PLCE.

The enzyme hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (107) was conducted in an aqueous phosphate-buffer containing 10%
acetonitrile at pH 7.4 to ensure the solubility of pro-soft-drug (107). Figure 6.2 shows a
typical HPLC chromatogram for the hydrolysis of pro-soft-drug (107) with no formation of
intermediate product (120, peak B). In contrast, the chemical hydrolysis gave intermediate
product (120, peak B) (Figure 6.1) (Chapter six explains the degradation of pro-soft-drug

(107) in chemical and enzyme medium).

The enzymatic hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (107, 80.0 uM) in 20 ml phosphate-citrate buffer pH 7.4 at 37 °C
was carried out with 5.06 U, 6.29 U and 12.58 U of porcine liver carboxyesterase (PLCE)
and without PLCE. Plots again followed a simple first-order model and results were shown

in Table 5.9 and graphs are shown in Figures 5.11 and 5.12.

5.0
y =4.5450 - 4.9159x RM2 =0.997 2 629 UPLCE
y =4.6060 - 49614x R"2 =1.000 ¢ 629UPLCE
y=4.7187-2.6125x R"2=0.996 ® 506UPLCE
E 4.0 y =4.6582 - 24978x RA"2=0.999 e 506UPLCE
g
=
S 3.0
=
S
(¥ -
=
2.0
1.0 “rr—r—rpr—rr P —r—r—rr—

0.0 0.4 0.8 1.2 1.6 2.0
Time (h)

Figure 5.11: Hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyli}-3-aminopropionate
(107, 80 uM) in buffer solution at pH 7.4 and 37 °C with PLCE.
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4.8 7
]  y=4.5970-3.5898e-2x RA2=0.999
4.6 % B Hydrolysis without enzyme
=
£
w
S
=
-5
(¥
s
S
[#)
£
Time (h)
Figure 5.12: Enzyme hydrolysis of ethyl N-{2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (107) without PLCE at pH 7.4 and 37 °C.
PLCE (Units) Conditions Rate constant (h-1)| t1/2 (h)
No enzyme Hydrolysis at 37 °C in buffer pH 3.5898 x 10-2 19.31
7.4 (10% CH3CN) without enzyme
Enzyme was added to 80 uM
506 U compound in buffer pH 7.4 (10% 2.4978 0.28
CH3CN) at 37 °C
Enzyme was added to 80 pM
5.06 U compound in buffer pH 7.4 (10% 2.6125 0.27
CH3CN) at 37 °C
Enzyme was added to 80 uM
6.29 U compound in buffer pH 7.4 (10% 4.9614 0.14
CH3CN) at 37 °C
Enzyme was added to 80 uM
6.29 U compound in buffer pH 7.4 (10% 4.9159 0.14
CH3CN) at 37 °C
Enzyme was added to 80 pM
12.58 U compound in buffer pH 7.4 (10% 9.7347 0.071
CH3CN) at 37 °C )
Table 5.9: Hydrolysis data of ethyl N-{2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-

aminopropionate (107, 80 uM) in buffer solution pH 7.4 at 37 °C with PLCE.
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5.3.6 Determination of dissociation constants (pKjy)

The dissociation constant (Kj,) is used to measure the relative strengths of acids or bases, and
it allows the proportions of the different ionic species present at any chosen pH to be
calculated.

For bases the ionization is

BH* + HO =——= H30+ + B
and
(H3O*] [B]
[BH*] [H20]

C
The concentration ionization constant, Ka, is defined for bases as

¢ H30%] [B]
Ka= K[H»Ol = [H30%] [B]
a [H2O] (BH+]
in which square brackets denote the concentration of each ionic species. To yield convenient
numbers (rather than negative powers of ten) equation 5.7 is generally used in the following
form, in which pKj is the negative logarithm of the ionization constant:

pKa = -IOgl() Ka ................ Eq. 5.8

The pKj values of the model and soft-drugs were determined potentiometrically in (a) water
and (b) 10% acetonitrile in water. The values obtained are summarized in Table 5.11. The
accuracy of this methodology was assessed by determining the pKj for the hydrochloride salt
of ephedrine (9.468 + 0.039), a value for which is available in the literature (9.60)155. The
results shows that the experimental value is within £ 0.13% of those quoted in the literature,
suggesting a similar range of accuracy for model compound and soft-drugs.
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5.3.6.1 Determination of ionization constant (pKy) of ethyl N-(2'-phenyl-
2'-hydroxyethyl)-3-aminopropionate (50, R=Eft)

The pK, value of ethyl N-(2'-phenyl-2'-hydroxyethyl)-3-aminopropionate (50, R=Et) was
measured by potentiometric titration with 0.1 M HCI and data were analysed with program
PKA using the model described by equation 5.9.

a-[H3zO+*] + [HO"]
b+[H30%] + [HO]

pKa =pH + log (

Where a and b are the stoichiometric concentrations of the weak conjugate acid [BH*] and
base [B] respectively. A typical plot is displayed in Figure 5.13 and a typical titration run in
Table 5.10.

HCI (ml) pH [H30+] | a=[NH+*] | b=[N:] pKa
0.2 8.17 6.761E-9 | 1.869E-3 | 5.792E-3 7.679
0.3 7.98 1.047E-8 | 2.778E-3 | 4.813E-3 7.741
0.4 7.80 1.585E-8 | 3.670E-3 | 3.851E-3 7.779
0.5 7.59 2.570E-9 | 4.546E-3 | 2.907E-3 7.784
0.6 7.35 4467E-8 | 5.405E-3 | 1.980E-3 7.786
0.7 7.01 9.772E-8 | 6250E-3 | 1069E-3 7.777

Table 5.10: Potentiometric titration of ethyl N-(2'-phenyl-2'-hydroxyethyl)-3-aminopropionate (50, R=Et)
(19.5 mg) with HC1 (0.1 M).
(End-point 0.82 ml, mean pK, value= 7.760 % 0.038).

End-point

1 pKa=7.76

2 Frmrrr e RS RAREE A
02 04 06 08 1.0 12 14 1.6
0.1 M HCI (ml)
Figure 5.13: Potentiometric titration run of ethyl N-(2'-phenyl-2"-hydroxyethyl)-3-aminopropionate (50,
R=Et) with 0.1 M HCL.

Trreyyyrr Yy ey
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The pKj of ethyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Et) has been
measured to be 7.760 + 0.038. Thus, at pH values lower than this, the majority of the
molecule is in the protonated form as indicated by equation 5.4

5.3.6.2 Determination of ionization constant (pK,) of methyl N-(2'-
hydroxy-2'-phenylethyl)-3-aminopropionate (50, R=Me)

The methyl N-(2'-hydroxy-2'-phenylethyl)-3-aminopropionate hydrochloride (50, R=Me)
was titrated potentiometrically with 0.1 M KOH and the data were analysed with program
PKA. The pK, value was found to be 7.768 + 0.06 (Appendix V, Table 5.1A). The pKa,
value calculated by NONREG and FIGP programmes was found to be 7.91.

5.3.6.3 Determination of ionization constant (pKg) of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107)

The ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate HCl
(107) was titrated potentiometrically with 0.1 M KOH and the data were analysed with the
PKA program. The pK, value was found to be 7.427 £ 0.194 (Appendix V, Table 5.2A).
The pKj, value calculated by NONREG and FIGP pfogrammcs was found to be 7.40.

5.3.6.4 Determination of ionization constant (pK,) of ephedrine base and
hydrochloride salt in water and 10% MeCN in water

The hydrochloride salt of ephedrine in water and 10% acetonitrile in water were titrated
potentiometrically with 0.1 M KOH and the data were analysed with the PKA program. The
pKa value of ephedrine in water was found to be 9.371 £ 0.092 (Appendix V, Table 5.3A)
and 9.468 + 0.039 (Appendix V, Table 5.4A) in 10% acetonitrile in water. The results show
that the experimental values for K, is within + 0.13% of those quoted in the literature (9.60).
The difference might be due to the temperature (all the titrations were performed at 22 °C)
and method. Addition of organic solvent (acetonitrile) increases the pKj value of ephedrine.

The ephedrine base in 10% acetonitrile in water was titrated potentiometrically with 0.1 M

HCI and the data were analysed with the PKA program. The pKj, value of ephedrine in 10%
acetonitrile in water was found to be 9.396 £ 0.124 (Appendix V, Table 5.5A).
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H__OH

Rz: : *c{_NH-CH;—CH,—COOR,
Ry

Compound Solvent |EXperimental] pK, Values from
value NONREG and FIGP
Ephedrine HCI water 9.371 £ 0.092
Ephedrine HCI 10% MeCN | g 468 + 0.039 9.60 (Literature
in water value)155
Ephedrine base 10% MeCN | g 396 + 0,124
in water
Methyl ester HC1
10% MeCN
(50, Ri= Me, Ro= H) 7.768 £ 0.060 ---
in water
Ethyl ester
(50, Ry= Et, Ry= 1) 10% MeCN 1 7760 + 0.038 7.91
in water
Dipivaloyl ethyl ester HCI 10% MeCN 74275 + 7 40
(107, R1= Et, Rp=Bu!'CO0-) 0.194 )
in water
Dihydroxy ethyl ester L . 774
(74, Ry= Et, Ro= -OH) ' _

Table 5.11: The pK, values of analogue (50, Rj=Me, Ry=H), analogue (50, Ry=Et, Ry=H), pro-soft-
drug (107, Ry=E(, Rp=Bu'C0OO0-).
Calculated by potentiometric titration (PKA programme) and NONREG and FIGP programs.
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5.3.7 Determination of degradation profile of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) in
enzyme medium (PLCE) at pH 7.4 and 37 °C.

The enzymatic hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HC1 (107, 80.0 M) in 20 ml phosphate-citrate buffer pH 7.4 at 37 °C
was carried out with 6.29 U of porcine liver carboxyesterase (PLCE). The hydrolysis was
monitored by HPLC analysis with 30% acetonitrile in water, pH 3.0 as the mobile phase.
The pro-soft-drug (107) was rapidly hydrolysed [first-order hydrolysis with a first-order
rate constant of 4.9654 h~! (r2= 1.000, t1/2=0.14 hrs) (Figure 5.14)], to give an unknown
product [later identified as dihydroxy ethyl ester (74, R=Et)], which eluted with the solvent
front in the HPLC chromatogram. The intermediate product (peak B in Figure 6.2) was not
detected by HPLC.

To identify the product from enzymatic hydrolysis, the experiment was repeated except that
the reaction was monitored by HPLC eluting with 4% acetonitrile in water, pH 3.0 The
rapid appearance of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (74, R=Et) (tr 8.8 min, Section 4.5.4.2) was indicated. Figure 5.14
shows the enzymatic hydrolysis of the pro-soft-drug (107) eluting with 30% acetonitrile in
water as the mobile phase. When the hydrolysis of the pro-soft-drug (107) with porcine
liver carboxyesterase was completed, as indicated by the disappearance of the triester peak by
HPLC using a mobile phase of 30% acetonitrile in water, the reaction mixture was analysed
with 4% acetonitrile in water. Plots were constructed from data collected after the complete
disappearance of the pro-soft-drug (107) to reveal the degradation of the intermediate soft-
drug (74, R=Et). This showed that the soft-drug (74, R= Et) (tg= 8.8 min), which
hydrolyses further to dihydroxy acid (74, R= H) proceeds also with first-order kinetics with
a first-order rate constant of 0.090901 h-1 (r2= 0.994, t{/2=7.625 hrs) (Figure 5.14). Figure
5.15 shows the hydrolysis profile of the pro-soft-drug (107). Appendix 5.6A [I] shows the
enzymatic hydrolysis of pro-soft-drug (107) eluting with 30% acetonitrile in water and
Appendices 5.6A [1I] and 5.7A shows the formation of soft-drug (74, R= Et) from pro-soft-
drug (107) eluting with 4% acetonitrile in water.
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Figure 5.14: Half-lives of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et) in enzyme
hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.
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Figure 5.15: Kinetic profile of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et) in enzyme
hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

The same experiment was repeated under the same conditions. The pro-soft-drug (107) was
rapidly hydrolysed [first-order hydrolysis with a first-order rate constant of 49164 h-1 (r2=
0.997, t1/2=0.14 hrs) (Figure 5.16)]. Figure 5.16 shows the enzymatic hydrolysis of pro-
soft-drug (107) in 30% acetonitrile in water mobile phase. When the hydrolysis of the pro-
soft-drug (107) with porcine liver carboxyesterase was completed, as indicated by the
disappearance of the triester peak by HPLC using a mobile phase of 30% acetonitrile in
water, the reaction mixture was analysed with 4% acetonitrile in water. Again data were

collected after disappearance of the pro-soft-drug (107).
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These showed that the generated soft-drug (74, R= Et) (tir= 8.8 min), which hydrolysed
further to dihydroxy acid (74, R= H) is also a first-order hydrolysis with a first-order rate
constant of 0.091423 h-! (r2= 1.000, t;/p=7.582 hrs) (Figure 5.16). Figure 5.17 shows the
hydrolysis profile of pro-soft-drug (107). Appendix 5.8A [I] shows the enzymatic
hydrolysis of pro-soft-drug (107) eluting with 30% acetonitrile in water and Appendices
5.8A [II] and 5.9A shows the formation of soft-drug (74, R= Et) from pro-soft-drug (107)
eluting with 4% acetonitrile in water.

5.0
. B In conc. of pro-soft-drug (107)

® In conc. of generated soft-drug (74, R=Et)

y =4.6280 - 9.1423¢-2x RA2 = 1.000
)= 7.582h
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Yy

In concentration

y =4.6285-4.9164x R™2=0.997 1/2=0.14h

2.0 A B Bt o o
0 5 1 15 20
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Figure 5.16: Half-lives of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et) in enzyme
hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.

7
0 @ Conc. of dipivaloyl ethyl ester
60 ¢ Conc. of dihydroxy ethyl ester

= 50

=z

g “

=

& 30

=

%]

=

5 20

@)
10
0‘IYIl'ill'll’lll'l'llll‘ll'llll']‘lll't'tlTl
0 5 10 15 20

Time (h)

Figure 5.17: Kinetic profile of pro-soft-drug (107) and in situ generated soft-drug (74, R=Et) in enzyme
hydrolysis in buffer containing 10% acetonitrile at pH 7.4 and 37 °C.
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The hydrolysis of the pro-soft-drug (107) with porcine liver carboxyesterase is very rapid
and generates the soft-drug (74, R=Et) as the major intermediate. Under these conditions,
the hydrolysis of the pivaloyl ester is much faster than that of the ethyl ester in pro-soft-drug
(107) (Figure 5.18) probably because the more lipophilic pivaloyl group has more
favourable interactions with the enzyme than the less lipophilic ethyl ester in the proximity of
an amino residue.

In contrast, in the chemical hydrolysis, the ethyl ester is hydrolysed faster than the pivaloyl
group probably because of steric hindrance of the pivaloyl group. Table 5.12 shows the
alkaline and enzymatic hydrolysis of various benzoate esters in the homologues series;
progression up the homologous series increases the rate of ester hydrolysis, because the
lipophilic esters interact more effectively with the enzyme.

H
Il
— CH,—NH —CH, ~CH, —C —0—CH,-CHj

)=
|
Z—0—0

>0

Dipivaloy! ethyl ester (Triester) -107

Enzyme hydrolysis with 6.29 U

PLCE at pH 7.4 and 37 ° .
CE at pH7.4 and 37 Chemical Hydrolysis
k=4.9614 h'' (r* = 0.999) at pH 7.4 and 37 °C

t1p=0.14 hr Very fast

HO lc CH,—NH- CHz—CHz—C O—CH,-CH,
7
HO

Dihydroxy ethyl ester -(74, R=Et)

k=0.035898 h"! (r* = 0.999)
tlfl= 1931 hr

0 OH 0
! ’C"“CH NH —CH,=CH g"‘OH
Enzyme hydrolysis with >—C- I 2 2 2
6.29 UPLCE at pH 7.4 H
0 c—O0O
and 37 °C %g Dipivaloyl acid -120
k=0.11463 h'! (r? = 0.998)
tlfzz 605 hr
Slow
H o}

1l
—CH,—NH-CH, ~CH,~C—OH

OO0

SO
HO
Dihydroxy carboxylic acid -(74, R=H)

Figure 5.18: Chemical and enzymatic hydrolysis of pro-soft-drug (107)
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Bundgaard and Nielsenl03.106 have suggested glycolamide esters as useful prodrug
functions for drugs with carboxylic acid groups, combining high stability in aqueous
solution together with a high susceptibility towards enzymatic hydrolysis. The most
important structural requirement for this profile appears to be the presence of two
substituents on the amide nitrogen, N,N-disubstituted glycolamide esters being much more
readily hydrolysed in plasma than either mono- or unsubstituted glycolamide esters (Table

5.12).

@]
I
80% human plasma "
Corlr\llpoo.und ) oF for R (M‘i(?rlxiin'l) k (min-1) | t1/2 (min) "
I 1 H 0.49 13.6 6.4 x 10-3 108 4'
” 2 _CHj 0.00 6.59 3.3 x 103 210
3 _CoHs 0.10 5.52 1.5 x 102 46 n
I 4 _C3H7 -0.12 4.50 1.7 x 102 40
| 5 _C4Hy 025 5.33 2.9 x 102 24
| 6 _CgHs 0.75 13.0 3.7 x 102 19
I 7 _CH,CgHs 0.27 4.63 4.7 x 102 15
I 8 COOr 11,06 6.28 <104 | >100h
I 9 _COOCH; 2.00 70.1 2.0 x 101 3.5
N 10 _COOC,Hs 2.6 60.3 4.4 % 102 16 |
1 _COOCH,CeHs| - 55.7 2.7 x 1071 26 |
I 1 _CONH, 1.68 69.9 1.7 x 10°2 40 |
TEE _CON(CH3), 1.94 19.2 > 5.0 <8s
| 1 _SCH;, 1.56 24.4 3.1 x 10°2 22
L 15 -SOCH; 2.88 274 59x100 | 1.2
16 -SO,CH3 3.68 592 5.8 x 101 1.2 j"
17 -CH)pN(CH3)» 0.49 9.83 > 8.0 <5s
13 -CHN(CH3)s* | 1.90 95.1 > 8.0

o* = Taft polar substituent parameter

Table 5.12: Rate data for the alkaline and enzymatic hydrolysis of various benzoate esters at 37 oC 87
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5.4 CONCLUSIONS

The soft-drug (74, R=Et), pro-soft-drug (107) and unsubstituted phenyl analogue (50,
R=E¢t) are most stable at pH 4.0 with half-lives of 295, 560 and 438 hrs, respectively. The
pKa values of the pro-soft-drug (107), analogue (50, R=Et) and (50, R=Me) were found to
be 7.427 + 0.194, 7.760 + 0.038 and 7.768 + 0.060 respectively. The pKja of 7.40 (for
pro-soft-drug 107), estimated from non-linear regression, is in excellent agreement with that
determined by direct titration (7.43) and indicates that satisfactory convergence was
achieved. Moreover, the pH of minimum rate of degradation calculated from these data
using equation 5.2 is pHmin= 4.0; a value which is in agreement with that obtained by
inspection of the plot (Figure 5.9).

The hydrolysis of the pro-soft-drug (107) with porcine liver carboxyesterase is very rapid
and generated the soft-drug (74, R=Et) as the major intermediate. The esterase catalysed
hydrolysis at the pivaloyl ester is much faster than that at the ethyl ester and indicates the
possibility that the pro-soft-drug (107) will undergo metabolic activation and deactivation in

the required manner in vivo.
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6.1 INTRODUCTION

The chemical hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) was monitored over the pH range 2.0 to 11.0 by HPLC. Compound
(107) had a retention time of 9.4 min and unknown product (B) had a retention time of 5.4
min (HPLC trace shown in Figure 6.1). In the enzymatic hydrolysis, ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) was hydrolysed rapidly,
with very little formation of the unknown product (B)(HPLC trace shown in Figure 6.2).
The hydrolytic pathways of this pro-soft-drug are complex and are illustrated in Scheme 6.1.
It is possible, that ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) may be hydrolysed via the formation of 4-pivaloyl ethyl ester (118)
and/or 3-pivaloyl ethyl ester (119) which degrade to the dihydroxy ethyl ester (74).
Alternatively hydrolysis may proceed via the formation of dipivaloyl carboxylic acid (120)
with subsequent degradation to the 4-pivaloyl carboxylic acid (121) and/or 3-pivaloyl
carboxylic acid (122), which ultimately gives dihydroxy carboxylic acid (74, R=H)
(Scheme 6.1). For ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) to be used as a prodrug, it is a prerequisite that triester (107) should
undergo hydrolysis via the initial formation of either the 4-pivaloyl ethyl ester (118) and/or
3-pivaloyl ethyl ester (119) with further hydrolysis to the dihydroxy ethyl ester (74), to
retain activity.

Hydrolysis studies of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) using 'H NMR spectroscopy were carried out to investi gate:

+ the identification of unknown hydrolysis product (B, tr= 5.4 min)

* product from and mechanism of the chemical hydrolysis of the triester (107)
* product from and mechanism of the esterase-catalysed hydrolysis of the triester (107)
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e
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Time (min)

Figure 6.1: HPLC chromatogram shows the formation of unknown peak [B= dipivaloyl carboxylic acid
(120)] in the chemical hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-
3-aminopropionate (107, A) at pH 4.0 after 582 hours.
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Figure 6.2: HPLC chromatogram shows very little or no formation of unknown peak [B= dipivaloyl
carboxylic acid (120)] in the esterase catalysed hydrolysis of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-aminopropionate (107, A).
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Scheme 6.1:

Possible routes of hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107).
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6.2 EXPERIMENTAL

Preparation of buffer pD 8.57 (pH 8.17)
The buffer of pD 8.57 (pH 8.17) was made with potassium dihydrogen phosphate and

potassium hydroxide in D20. Potassium dihydrogen phosphate (100 mg) was dissolved in
D70 (10 ml) and evaporated to dryness under high vacuum at 50 °C. This was repeated
three times such that most of the hydrogen atoms in the potassium dihydrogen phosphate
were replaced with deuterium. The same procedure was used for potassium hydroxide in
D20. The pH 8.17 buffer was made with potassium dihydrogen phosphate and potassium
hydroxide, which is equivalent to a pD of 8.57 at 22 °C. This was calculated according to
the method of Fife and Bruice, 156 using the following equation.

2
pD = pH meter reading + Lz%_’fk_l_o_

Chemical hydrolysis studies of triester (107) and ethyl ester (74) by I H-NMR spectroscopy
A solution of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-amino propionate
(107, 5 mM) in potassium phosphate buffer (0.1 mol dm3, D0, pD 8.57)-CD3CN (8:2,
v/v) (0.5 ml) was monitored over 300 hrs by IH NMR spectroscopy at 37 °C.

A solution of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74, 5 mM) in potassium phosphate buffer (0.1 mol dm-3, D;0, pD 8.57)-CD3CN (9:1,
v/v) (0.5 ml) was monitored over 30 hrs by 1H NMR spectroscopy at 37 °C.

Chemical hydrolysis studies of triester (107 ) and ethyl ester (74) by HPLC

A solution of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107, 105.5 uM) in phosphate-citrate buffer pH 8.0 (6.96 g disodium hydrogen phosphate
NapHPO4.12H0 and 0.0589 g citric acid CgHgO7.H20 in 100 ml water) containing 10%
acetonitrile at 50 °C was monitored with time by HPLC. The mobile phase was aqueous
acetonitrile (30%) containing 0.1% tetrabutylammonium hydroxide with the pH adjusted to
3.0 with orthophosphoric acid. When 80% of the triester had been converted to the
intermediate, the reaction was cooled and extracted successively with hexane (2 x 20 ml),
diethyl ether (2 x 20 ml), chloroform (2 x 20 ml) and ethyl acetate (2 x 20 ml). Each extract
was analysed by HPL.C and !H-NMR spectroscopy.

The chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, 163.5 uM) in phosphate-citrate buffer pH 7.4 (6.80 g disodium

hydrogen phosphate NapHPO4.12H20 and 0.0585 g citric acid CgHgO7.H2O in 100 m]
water) containing 10% acetonitrile at 37 °C was monitored by HPLC.
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6.3 RESULTS AND DISCUSSION

6.3.1 Chemical hydrolysis studies of ethyl N -[2'-(3",4".
dipivaloyloxyphenyl)-z'-hydroxyethyl]-3-aminopr0pionate (107) at
pD 8.57 (pH 8.17) and 37 °C by !H-NMR spectroscopy

6.3.1.1 Products from and mechanism of chemical hydrolysis

The solution of ethyl N-[2'-(3",4"-dipivaloyloxyphcnyl)—2'-hydroxyethyl]-3-
aminopropionate (107, 105.5 uM) in phosphate-citrate buffer pH 8.0 containing 10%
acetonitrile at 50 °C was monitored with time by HPLC. The mobile phase was aqueous
acetonitrile (30%) containing 0.1% tetrabutylammonium hydroxide with the pH adjusted to
3.0 with orthophosphoric acid. When 80% of the triester had been converted to the
intermediate, the reaction was cooled and extracted successively with hexane (2 x 20 ml),
diethyl ether (2 x 20 ml), chloroform (2 x 20 ml) and ethyl acetate (2 x 20 ml). Each extract
was analysed by HPLC and IH-NMR spectroscopy.

The hexane extract shows the presence of only ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107), whereas the diethyl ether and ethyl acetate extracts
contained little material by 1H-NMR spectroscopy. By HPLC, the chloroform extract
contained the majority of the intermediate (peak B). !H-NMR spectrum of the chloroform
extract showed that the peaks were absent for an ethyl ester, however there was a large signal
for the pivaloyl ester, 8y 1.25 (s). Integration of this suggests that the intermediate could be
the dipivaloyloxy carboxylic acid (120). Further evidence was sought by monitoring the
hydrolysis of ethyl N-[2'—(3",4"—dipivaloyloxyphenyl)—2'—hydroxycthyl]—3-aminopropionate
(107) by TH-NMR spectroscopy.

By IH-NMR spectroscopy, the triester (107) gave peaks at 8y 1.15 (3H, t, Juu=7.15 Hz)
and 4.05 (2H, q, Jyu=7.1 Hz) for the ethyl ester, and peaks at 8y 1.25 (9H, s) and 1.26
(9H, s) for the pivaloyl esters. Details of the aromatic protons are given in Table 6.1. The
reference peak of ds-acetonitrile appears at 1.95 (quintet). The IH-NMR assignment for
(107) is given in Figure 6.3. The !H-NMR spectrum is shown in Figure 6.4a with an
expansion of the aromatic protons in Figure 6.4b.
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Figure 6.3: Assignments of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) by 1H-NMR [D,0, pD 8.57-CD3CN (8:2, v/v)].
The hydroxyl and -NH- groups are exchanged with D,O. IH-NMR assignments of the
hydrolysis products, ethanol and potassium pivaloate are also given.

Aromatic protons | Hz-aromatic (5) | Hs-aromatic (J) Hg-aromatic (3)

7.12, d 7.10, d 7.25, dd

Triester (107) Jortho=8.4 and

Umeta=1.9 Hz) Jortho=8.3 Hz) Imea=2.0 Hz)
7.21, d 7.17, d 7.32, dd

Intermediate (120) Jortho=8.2 and

(Dipivaloyl acid) | mew=2.0Hz) | Uortho=8.4 Hz) Imeta=2.0 Hz)
6.82, d 6.80, d 6.73, dd

Dihydroxy acid Jortho=8.3 and

(74, R=H) Umea=1.5Hz) | Uonho=8.3 Hz) Imei=1.8 Hz)

Table 6.1: Chemical shifts and coupling constants of aromatic protons in catechol derivatives.

The hydrolysis of the pivaloyl ester of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) was monitored by the formation of potassium
pivaloate in the lH NMR spectrum at 8y 1.01. The hydrolysis of the ethyl ester of (107)
was monitored by the formation of ethanol in the lH NMR spectrum at 8y 1.08 (3H, t,
Jyu=7.1 Hz, -CH3) and 3.54 (2H, q, Jyy=7.1 Hz, -CHj-). Hydrolysis of the ethyl ester
occurs first in potassium phosphate buffer pD 8.57 (pH 8.17) to give the dipivaloyl
carboxylic acid (120), which gave in the ITH-NMR spectrum peaks at 8y 1.26 (9H, s) and
1.27 (9H, s) for pivaloyl esters. The IH-NMR assignments of (120) are shown in Figure
6.5. The !H-NMR spectra of (107) after 24 h and 70 h hydrolysis are shown in Figures
6.7a and 6.8a respectively. The expansion of the aromatic protons are shown in Figures
6.7b and 6.8b and the  values are recorded in Table 6.1.
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Figure 6.4a: !H-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D70.
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Figure 6.4b: Expansion of aromatic region of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D,O.
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Figure 6.5: Assignments of N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid
(120) by 'H-NMR [D;0, pD 8.57-CD3CN (8:2, v/v)].

Under these conditions, the hydrolysis of the pivaloyloxy esters of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) was not observed owing
to the higher reactivity of the ethyl ester, presumably because of steric hindrance of the
pivaloyl groups. The dipivaloyl carboxylic acid (120) showed slow hydrolysis of the first
pivaloyloxy group with removal of the 3- and 4-pivaloyloxy groups presumably occurring at
similar rates.157 The second pivaloyloxy group undergoes a rapid hydrolysis, principally
because of the ability of the o-hydroxyl group in the monopivaloyl compound to act as an
acid catalyst and also because of less steric hindrance in (121, 122) when compared with
dipivaloyl carboxylic acid (120), to form the dihydroxy carboxylic acid (74, R=H)(Scheme
6.2). The dihydroxy acid (74, R=H) gave a peak in the IH-NMR spectrum at dy 2.47 (2H,
t, Jyy=6.6 Hz) for -CH»-COO-. The full IH-NMR assignments of (74, R=H) are shown in
Figure 6.6 and the !H-NMR spectrum, with a 2:1 ratio of dihydroxy acid (74, R=H):
dipivaloyl acid (120) is shown in Figure 6.9a. The aromatic protons are expanded in Figure
6.9b and are listed in Table 6.1.

8y 3.0-3.25 (m)_

51 6.84 (d)

DO G— CHy —ND— CH —~ CH, —C— 0"
H
k' 81247 (1)
DO H 5y 4.79 (dd)
H
51683 (d) J 8116.74 (dd)

Figure 6.6: Assignments of N-[2'-(3" 4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionic acid (74,
R=H) by !H-NMR [D70, pD 8.57-CD3CN (8:2, v/v)].
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Potassium pivaloate was also formed, as shown by the peak in the IH NMR spectrum (D70,
buffer pD 8.57) at & 1.01 (s, 9H). There was a small amount (< 5%) of the aminochrome
oxidation product (125, Scheme 6.4) at §y 5.45-5.60 (m) and 6.00-6.40 (m). The
literature value of the adrenochrome (123) (oxidation product from epinephrine) zwitterionic
mesomeric structure, appears in the 1H NMR (DMSO-Dg) spectrum at 8y 5.39 (s, 1H, Hs-

aromatic) and 6.42 (m, 1H, Hy-aromatic). 158

8y 6.42 (m) '/\
H

OH
0
© |
H CH;

8 5.39
H ) \/ (123)
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Figure 6.7a: !H-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in DO after 24 hrs.
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PPM

Figure 6.7b: Expansion of aromatic region of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2"-hydroxyethyl]-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D7O after 24 hrs.
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TIYHOIUNT ||

Figure 6.8a: l!H-NMR spectrum of ethyl N-[2'~(3",4"—dipivaloyloxypheny1)-2’-hydroxyethyl]-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D70 after 70 hrs.
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Figure 6.8b: Expansion of aromatic region of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in DO after 70 hrs.
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Figure 6.9a: IH-NMR spectrum of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in DO after 300 hrs.
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Figure 6.9b: Expansion of aromatic region of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) in buffer pD 8.57 (pH 8.17) in 20% CD3CN in D;O after 300 hrs.
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If the monopivaloyl compounds (118, 119) had been the first formed metabolites, then the
chemical shift for the aromatic protons would have been shifted up-field relative to ethyl N-
[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107). To confirm
that the 1H-NMR peaks in Figure 6.9b at 8y 7.21 (d), 7.17 (d) and 7.32 (dd) were for the
dipivaloyl acid (120) and peaks at 8y 6.73 (dd), 6.80 (d) and 6.82 (d) were due to
dihydroxy acid (74, R=H), chemical hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R=Et) was studied under the same !H-NMR
conditions. It was revealed (Table 6.3) that the aromatic protons for the dihydroxy ethyl ester
(74, R=Et) and dihydroxy acid (74, R=H) appear at the same chemical shifts as these
compounds assigned from the hydrolysis of the triester (107)(Table 6.1).

For early time points (10 h), the ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (107) : ethanol ratio by integration matches with the ratio of ethyl N-[2'-
(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) : dipivaloyloxy
acid (120) in the aromatic region. Together with the fact that very little potassium pivaloate
was formed in comparison to ethanol, suggests that the first formed product was the
dipivaloyloxy acid (120). Further, in Figure 6.9a, the ethyl ester (8y 4.05 for -COO-CHp)
was totally hydrolysed but the pivaloyl ester (8yg 1.26 for ButCOQ) was still intact in the
intermediate, confirming that the metabolite giving rise to peak [B] in the HPLC trace was
indeed dipivaloy! acid (120).
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Table 6.2 shows the changes in the 1H-NMR peak area for the % of ethyl N-[2'-(3",4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107), dipivaloyloxy acid (120)
and dihydroxy acid (74, R=H) with time (Appendix VI shows full calculation).

Time () | % ©of (107) | % of (120) | % of (74, R=H) |In [% of (107)]
0.10 99.09 0.91 0.00 4.605
0.85 94.84 4.40 0.76 4.552 |
1.85 93.87 4.93 1.20 4.542
3.85 92.51 6.02 1.47 4.527
5.85 91.05 7.55 1.41 4.511
" 8.60 89.20 9.07 1.73 4.491
23.0 81.52 13.62 4.85 4.401
" 24.0 80.79 14.35 4.86 4.392
I 26.0 76.51 17.91 5.59 4337
28.0 79.19 14.68 6.13 4.372
“ 30.0 72.09 21.57 6.34 4218 |
| 32.0 72.62 20.88 6.50 4.285 |
“ 34.0 76.28 16.98 6.73 4.334 ||
36.0 69.98 22.37 7.65 4.248
I 38.0 71.33 20.52 8.15 4.267 n
40.0 68.92 22.62 8.46 4.233 |
” 42.0 68.93 22.71 8.37 4233 I
I 44.0 65.00 26.75 8.25 4.174 “
48.15 67.43 23.40 9.17 4211
H 49.65 65.48 25.07 9.45 4.182 ||
| 7015 58.26 28.91 12.84 4.065 |
" 300.0 8.98 23.13 67.89 2194 H

Table 6.2: Calculation of % of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
amiropropionate (107) and hydrolysis product N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionic acid (120) and N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionic acid (74, R=H) by integration in IH-NMR.

The data in table 6.2 was used to plot the In-concentration of triester (107) against time
(Figure 6.10a). Degradation followed a first order model (Equation 6.2) and the rate
constant for the hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) to the dipivaloyl carboxylic acid (120) at pH 8.17 (pD 8.57) and 37
°C is 7.477 x 10-3 h'l with a half-life of 92.0 h.

InAt=InAy-kt Eq. 6.2
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A value of 7.8605 x 10-3 h-1 with a half-life of 88.0 h was obtained when an extended time

point (300 h) was included in the data (Figure 6.10b). In contrast, the HPLC studies were
performed at 50 °C, in the presence of only 10% acetonitrile which increases the rate

constant k to 0.281 h-! (tjp= 2.47 hr). 20% Acetonitrile was used in the NMR studies
(because NMR needs more compound than HPLC therefore more acetonitrile was used to
solubilise the triester) which decreased the rate of hydrolysis.

The chemical hydrolysis of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) to the dihydroxy acid (74, R=H) was slow (Figure 6.11). After 70
hrs, only 13% of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) was converted to the dihydroxy acid (74, R=H) (Figure 6.11a).
After 300 h, only 9% ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) was present, along with 23% of the dipivaloyl acid (120) and 68%
of the dihydroxy acid (74, R=H) (Figure 6.11b).103 These values may slightly under
estimate the true rates of triester conversion, since a small amount of the dihydroxy acid
formed was oxidised to the aminochrome.!58 This was assumed to occur because the

solution became pink as time increased.

463y =4.5508-7.4772¢-3x RA2 =0.966
— 4'5-5 ®  In-% triester (107)
S ] "
T 44 k=0.0074772 h
5 : '
2 ] {1, =92h
$ 437 172
R} b
L 42
.é .

4.1 7

4.0 e

0 10 20 3 40 50 60 70 80
Time (hr)

Figure 6.10a: Hydrolysis of triester (107) in potassium phosphate buffer (pD 8.57) in 20% acetonitrile at
37 °C by 'H-NMR spectroscopy over 70 hrs.
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Figure 6.10b: Hydrolysis of triester (107) in potassium phosphate buffer (pD 8.57) in 20% acetonitrile
at 37 °C by 1H-NMR spectroscopy over 300 hrs.
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Figure 6.11a: Hydrolysis of triester (107): formation of the dipivaloyloxy acid (120) and the dihydroxy
acid (74, R=H). After 70 h the proportions of (107), (120) and (74, R=H) were 58, 29
and 13% respectively by 1H-NMR Spectroscopy.
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Figure 6.11b: Hydrolysis of triester (107): formation of the dipivaloy! acid (120) and the dihydroxy acid
(74, R=H). After 300 h the proportions of (107), (120) and (74, R=H) were 9, 23 and
68% respectively by TH-NMR spectroscopy.

The chemical hydrolysis of the triester (107) in aqueous solutions produced the dipivaloyl
acid (120), which was slowly converted into a pair of isomeric degradation intermediates
(121 and 122). These were not identified by 1H-NMR due to their rapid conversion to the
dihydroxy acid (74, R=H). The dipivaloyloxy acid (120) is the major intermediate in the
chemical hydrolysis with tg 5.4 min in HPLC [Figure 6.1 (peak B) and Scheme 6.2].

A full kinetic scheme for the chemical degradation may be expressed as:

k,

107 > 120 ke || kg 74, R=H

k* [122] /

In this instance, the rate constant for the disappearance of the dipivaloyl acid (120) [kp=kp, +

kc] is much smaller [kp«(kq + ke)] than that for the degradation of the monopivaloyl
derivatives (121, 122) [kq + ke] and becomes rate-determining in the formation of the
dihydroxy acid (74, R=H). Hence, the overall degradation may also be closely modelled by
a three-compartment sequential pathway (k1 =ka):

K k
107 . > 120 2 >  74,R=H
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Conclusion
The chemical hydrolysis of the pro-soft-drug (107) proceeds via hydrolysis of the ethyl ester
(path B). However, the dipivaloyl acid product (120) is not active as a B-adrenoceptor

agonist, therefore reaction by chemical hydrolysis does not lead to the required soft-drug.
Hydrolysis of the pivaloyl esters in (107) needs to be faster than the hydrolysis of the ethyl
group to give the soft-drug (74, R=Et). If the ethyl ester were also hydrolysed faster than
the pivaloyl ester under physiological condition, then the prodrug of the soft-drug (74,
R=Et) would indeed be unsuitable. To see how the drug is hydrolysed in a biological
system, the hydrolysis of the pro-soft-drug (107) was monitored in an enzymatic medium.

o oD
Il | I~
>—C— € CHy —NDO-CH,—CH, =€~ " ~CHz CHs

—>~§—0

—5
Dipivaloyl ethyl ester (Triester) -107

-(CH;-CH,-OD)

(') OD 0

I It
C—0 (l:—CH2—ND—CH2- CH,—C—O0"~
(g)@ H

g Dipivaloyl carboxylate anion -120
(retention time in HPLC was 5.4 min.)

H,0:

o)
I
>—C—O C—CH,~ND- D— C— CH, —ND-
] | Co I
CO H I H

Intermediate -121 Intermediate - 122

Very Fast

?D 0 0

o _ _
DO F—CHz-ND—-CHZ -CH,~C—O + cC—o0K"
T
DO

Potassium pivaloate
Dihydroxy carboxylate anion -74, R=H

Scheme 6.2: Mechanism of chemical hydrolysis of triester (107) in potassium phosphate buffer in DO

(pH 8.17, pD 8.57)-acetonitrile (8:2 v/v) at 37 °C by H-NMR spectroscopy.
Triester hydrolysed to dihydroxy acid (74, R=H) by the formation of intermediate
dipivaloyloxy acid (120, tr= 5.4 min in HPLC). The pink colour is due to oxidation of the

hydrolysis product into aminochrome (125, 126).
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6.3.1.2 Products from and mechanism of hydrolysis of ethyl N-[2'-(3"4"-
dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) in phosphate-
citrate buffer at pH 7.4 and 37 °C, containing 10% acetonitrile in the presence of
porcine liver carboxyesterase

Enzyme hydrolysis studies of triester (107) by HPLC

The reaction mixture consisted of triester [107, (50 uM)] in 20 ml of phosphate-citrate
buffer at pH 7.4 containing 10% acetonitrile. Porcine liver carboxyesterase (0.5 ml, 6.29 U)
was added and the reaction mixture was incubated at 37 °C with constant stirring. The
mixture was protected from light and air (under argon gas) and was monitored by HPLC at
regular time intervals. By HPLC, the triester peak disappears rapidly with no formation of
intermediate dipivaloyl acid (120). The reaction is first order and the data was fit to the first
order equation (6.2) which gives a straight line with k= 4.9159 h-! (r2= 0.997, t n=10.14
h). The reaction was monitored 4 times over 5 half-lives (Figure 6.12). The HPLC traces
(Figure 6.2) eluting with 30% acetonitrile in water shows no formation of dipivaloyl acid
(120) in the enzyme hydrolysis.

4.0 7 y =3.9047 - 49159x RA2 = 0.997
B In-concentration

g 307 k=4.9159 h™!
=
& ty,=0.14h
=
[+}]
g -4
S 2.0 1
S ]
£

1.0 ey

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Time (h)

Figure 6.12: Enzyme hydrolysis of triester (107) in 10% acetonitrile in phosphate-citrate buffer at pH 7.4
and 37 °C with 6.29 U of porcine liver carboxyesterase.
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When the hydrolysis of the triester (107) with porcine liver carboxyesterase was complete,
as indicated by the disappearance of the triester peak by HPLC using a mobile phase of 30%
acetonitrile in water, the reaction mixture was analysed with 4% acetonitrile in water. This
showed that the triester yielded the dihydroxy ethyl ester (74, R= Et) (tr= 8.8 min) as the
sole product, which further degrades to the dihydroxy acid (74, R= H). This is also a first
order hydrolysis with a k value of 9.1423 x 10-2 h-1 (2= 1.000, t1/2=7.582 hrs) (Figure
6.13 and Scheme 6.3). It shows that with porcine liver carboxyesterase the hydrolysis of the
pivaloyl ester is much faster than hydrolysis of the ethyl ester for triester (107). The soft-
drug dihydroxy ethyl ester (74, R= Et) is the major intermediate in enzyme hydrolysis
(Scheme 6.4). In enzyme hydrolysis the reaction proceeds in the required way thus the
dipivaloyl ethyl ester (107) can be used as a pro-soft-drug.

07 y=46280-9.1423e2x R =1.000

B In conc. of generated soft-drug (74, R=Et)

’= 7.582 h

4.0 ty

In concentration

3.0

2.0 —mﬂﬂmﬁm
0 4 8 12 16 20
Time (h)

Figure 6.13: Half-life of dihydroxy ethyl ester (74, R= Et) formed in the reaction mixture by the
hydrolysis of triester HCI (107) in 10% acetonitrile in phosphate-citrate buffer at pH 7.4 at
37 °C with 6.29 U of porcine liver carboxyesterase.

A full kinetic scheme for the enzymatic degradation may be expressed as:

kg

107 ke || ke 74, R=Et

k o %

Y

74, R=H
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The rate constant for the disappearance of the triester (107) [ky= kg + kp] is much smaller
[k1«(ke + kg)] than that for the degradation of the monopivaloyl residues [k + kq] and
becomes rate-determining in the formation of the soft-drug (74, R=Et). Hence, the overall
degradation is closely modelled by a three-compartment sequential pathway (kp = kg):

kl k2
107 = 74, R=FEt = 74 R=H
TP f?
il
C— !C— CH,—NH —CH,—CH,—C—0~CH;-CHj
pog!
}-@- 0
Dipivaloyl ethyl ester (Triester) -107
Very fast k=5.5818 h"' (% = 0.999)
i]a= 0.12 hr
s ;
Il
}—c—- |C-— CH,—NH —CH, —CH, —C —0—CHy-CH,
pog
H-0O
3-pivaloyl ethyl ester -119
D i
H-O IC—CHZ—NH —CHZMCHZ ""C'_O”'CHz-CH:;
g
C—O0O
g 4-pivaloyl ethyl ester -118

OH 0

I Il
HO ?_ CHZ—NH"' CH2 - CH2_C - O’_‘CHz-CH3
X
HO

Dihydroxy ethyl ester (74, R=Ef)
Slow k=0.11463 h'! (> = 0.998)
ti= 6.05 hr

p ;

1l
I j H

HO
Dihydroxy carboxylic acid -(74, R=H)

Scheme 6.3: Hydrolysis of triester HCI (107) in phosphate-citrate buffer (10% acetonitrile) pH 7.4 at 37
°C with 6.29 U of porcine liver carboxyesterase by HPLC analysis.
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Scheme 6.4: Oxidation of dihydroxy acid (74, R=H).
The pink colour is due to oxidation of the hydrolysis product into aminochrome (125,
126).

6.3.1.3 Rearrangement of catechol esters in ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107)

In the chemical hydrolysis of triester (107), the ethyl ester was hydrolysed much faster than
the pivaloyl group, to form the dipivaloyl acid (120, tr, 5.4 min). The first pivaloyl group
then presumably cleaves to form the intermediates (121) and (122) which will be in rapid
equilibrium with one another (Scheme 6.5).104.159-161 The individual isomers cannot be
detected by HPLC or H-NMR spectroscopy because the rate of acyl migration is faster than
the rate of hydrolysis at 37 °C.104,159-161 The rate of hydrolysis of the dipivaloyloxy acid
(120) to form the intermediates (121, 122) is slow due to steric hindrance. However, the
rate of hydrolysis of the intermediates (121, 122) is very fast to form the dihydroxy acid
(74, R=H) (in one reference, the hydrolysis of catechol monoacetate to catechol was shown
to be 500-700 times faster than the hydrolysis of catechol diacetate to catechol).118 The rapid
acyl migration and hydrolysis is due to the existence of a neighbouring hydroxyl
group.104,159-161 Two factors may contribute to this difference in the rate constants:

« the inductive effect and the resonance effects of an oxygen atom in the ortho- position, and
« the possibility of intramolecular hydrogen bonding of pivaloyl group.
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Consequently, base-catalysed hydrolysis through hydrogen bonding with the neighbouring
hydroxyl group must be the main reason why the intermediates (121 and 122) undergo

rapid hydrolysis to the dihydroxy acid (74, R=H) (Scheme 6.6).

- -

HO\ ] HO_ H
D—O —_ ; Il ,
oy C\/ND ¢ " N
& e
C—0O ay
; U D-0
L. -

L i
4-Monopivaloyl intermediate - 121 3-Monopivaloyl intermediate - 122

.5: Rearrangement of the pivaloyloxy group in the catechol ring. Isomeric degradation

Scheme 6
intermediates are not detected by HPLC or 11{.NMR spectroscopy.

Hy0: HO_ H
Y C_NH™ ) :©/
()\\ (“ H—O
D~0
L .
Scheme 6.6: Intramolecular hydrogen bonding with neighbouring hydroxyl group assists the rapid

hydrolysis of mono pivaloyl group in catechol.
Neighbouring group assistance in dipivaloyloxy catechol is not available.
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6.3.2 Chemical hydrolysis studies of ethyl N-[2'-(3",4"-dihydroxyphenyl)-
2'-hydroxyethyl]-3-aminopropionate (74, R= Et) at pD 8.57 (pH
8.17) and 37 °C by 1H-NMR spectroscopy

A solution of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74, 5 mM) in potassium phosphate buffer {0.1 mol dm-3, D,O [pD 8.57 (pH 8.17)]}-
CD3CN (9:1, v/v) was monitored by TH NMR spectroscopy at 37 °C. The ethyl N-[2'-
(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et) gave peaks at &
1.14 (t, Jyu=7.15 Hz, 3H) and 4.07 (q, Jyu=7.15 Hz, 2H) for the ethyl ester, and 2.65 (t,
Jau=6.7 Hz, 2H) for -CH-COO-. The aromatic protons are recorded in Table 6.3 and the
reference peak of d3-acetonitrile appears at 1.95 (quintet). The full 1H-NMR assignment of
(74, R= Et) is shown in Figure 6.14 and the IH-NMR spectrum is shown in Figure 6.15a
with an expansion of the aromatic protons in Figure 6.15b.

The hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (74, R= Et) was monitored by the formation of ethanol in the 1H-NMR
spectrum at 8y 1.08 (t, Jyy=7.1 Hz, 3H) and 3.54 (g, Jup=7.1 Hz, 2H). Hydrolysis of the
ethyl ester (74, R= Et) gave the dihydroxy acid (74, R=H). The !H-NMR assignments of
(74, R=H) are given in Figure 6.6 and in Table 6.3. The formation of ethanol may be seen
in the IH-NMR spectrum (Figure 6.16).

816.84 (d) 8:43.03 (@) 8114.07 (q)

k, H ?D ( O
DO C\—‘- CH,—ND—CH,-CH, —C—0- CH, - CH;

H
8112.65 (1)
DO i K»sHms o Sy 1.14 (1
S 3.11 (1)
H

Figure 6.14: Assignments of ethyl N-[2-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl)-3-aminopropionate
(74, R=E1) in 'H-NMR [D,0, pD 8.57-CD3CN (9:1, v/v)].
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Aromatic protons

H;-aromatic (J)

H s-aromatic ()

Hg-aromatic (5)

u Dihydroxy ethyl ester

(74, R= Et)

6.84, d
(Jmeta=2.0 HZ)

6.83,d
(JOﬂh0=7-9 HZ)

6.74, dd
(JOI'thO=8-1 and
Jmetazz.o HZ)

L

3,4-Dihydroxy acid
(74, R=H)

6.82, d
Ometa=1.5 Hz)

6.80, d

(Jonhozg .3 HZ)

-

6.73, dd
Jortho=8.3 and
Jmetazl.gs HZ)

Table 6.3: Chemical shift and coupling constants of aromatic protons of ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R= Et) and dihydroxy acid (74,

R=H).

Table 6.4 shows the proportions of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (74, R= Et) and dihydroxy acid (74, R=H), calculated from the 1H-
NMR peak areas with time.

Time (min) | % of (74, R=Et) | % of (74, R=H) |In [% of (74, R=E0)]|
0 93.38 6.62 4.537 |
66 85.93 14.07 4.454 ||
“ 141 82.13 17.88 4.408 ||
| 216 77.09 22.91 4.345 |
| 291 73.78 26.22 4.301
‘L 366 66.82 33.18 4202 %‘
441 64.01 35.99 4.159
516 60.22 39.78 4.098
] 591 55.77 44.23 4.021

Table 6.4: Calculation of % of ethyl N-[2'-(3" A"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74) and hydrolysis product N-[2'-(3",4"-dihydroxyphenyl)-2"-hydroxyethyl]-3-aminopropionic
acid (74, R=H) by integration in 'H-NMR.
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Figure 6.15a: IH-NMR spectrum of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17) in 10% CD3CN in D20.
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Figure 6.15b: Expansion of aromatic region of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17) in 10% CD3CN in D70.
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Figure 6.16: IH-NMR spectrum of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (74, R= Et) in buffer pD 8.57 (pH 8.17) in 10% CD3CN in D70 after 5
hrs.
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The rate constant for the hydrolysis of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et) to the dihydroxy acid (74, R=H) at pH 8.17
(pD 8.57) and 37 °C is 5.0648 x 10-2 h-! with a half-life of 13.7 h (Figure 6.17).
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Figure 6.17: Hydrolysis of ethyl N-[2'-(3" 4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R= Et) at pH 8.17 (pD 8.57) in potassium phosphate buffer in 10% acetonitrile at 37 °C by
IH-NMR spectroscopy.

Figure 6.18 shows the percentage of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R= Et) converted. At pH 8.17 (pD 8.57) after 10
hrs, 56% dihydroxy ethyl ester (74, R= Et) was found as dihydroxy acid (74, R=H).
Scheme 6.6 shows the chemical hydrolysis of the dihydroxy ethyl ester (74, R= Et).
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Figure 6.18: Hydrolysis of ethyl N-[2'-(3" 4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,
R= Et) in pH 8.17 (pD 8.57) and formation of dihydroxyacid (74, R=H) in potassium
phosphate buffer in 10% acetonitrile at 37 °C by 'H-NMR spectroscopy.
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Scheme 6.7: Mechanism of chemical hydrolysis of dihydroxy ethyl ester (74, R= Et) in potassium
phosphate buffer (10% acetonitrile) at pH 8.17 (pD 8.57) and 37 °C by !H-NMR
spectroscopy.

6.4 CONCLUSIONS

In conclusion, the chemical hydrolysis of the triester (107) proceeded via the formation of
dipivaloyl acid (120). The first pivaloyl group is hydrolysed slowly presumably to form
competitively either of the intermediates (121, 122), which are in rapid equilibrium with one
another. They are not detected either by HPLC or IH-NMR spectroscopy, probably due to a
very high rate of hydrolysis to the dihydroxy acid (113).

In contrast, the enzyme hydrolysis of the triester (107) proceeded via the formation of
dihydroxy ethyl ester (74, R= Et) and there is very little or no formation of dipivaloyl acid
(120) (Figure 6.2). The hydrolysis of the pivaloyl ester is some 50 times faster than the
hydrolysis of ethyl ester of (107) in the presence of PLCE.

In the chemical hydrolysis, the ethyl ester is hydrolysed faster than the pivaloyl ester
probably because of steric hindrance of pivaloyl group. In contrast, the pivaloyl ester is
hydrolysed faster than the ethyl ester in enzyme hydrolysis probably because the more
lipophilic pivaloyl group interacts better with the enzyme than the less lipophilic ethyl ester in
the proximity of an amino residue. Table 5.12 shows the alkaline and enzymatic hydrolysis
of various benzoate esters in a homologous series; progression up the series increases the
hydrolysis rates in the presence of esterase, because the lipophilic esters interact more
effectively with the enzyme.
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For ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) to
be used as a pro-soft-drug, it is a prerequisite that triester (107) should undergo hydrolysis
via the formation of 4-monopivaloyl ethyl ester (118)/3-monopivaloyl ethyl ester (119) to
yield the soft-drug dihydroxy ethyl ester (74). This is because the generation of the acid
function at the carboxylate end of the molecule makes the compound inactive (Section 8.3).
It has been found that in the enzyme system, hydrolysis of the triester (107) proceeded via
the formation of the dihydroxy ethyl ester (74, R= Et) and there is very little or no formation
of the dipivaloyl acid (120) (Figure 6.2). This is the required degradation mode for the pro-
soft-drug (107), which is less sensitive to oxidation and more lipophilic to enable absorption
through the skin more rapidly than soft-drug (74, R= Et). Pro-soft-drug (107) can then be
hydrolysed to give the active soft-drug (74, R=Et). There is thus a good prospect that
triester (107) has the appropriate kinetic features to enable it to be evaluated further as a drug

for the treatment of psoriasis,
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Scheme 6.8: Major products in the chemical and enzyme hydrolysis of triester (107).
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CHAPTER SEVEN

PERCUTANEOUS ABSORPTION STUDIES OF SOFT B-ADRENOCEPTOR
AGONISTS
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7.1 INTRODUCTION

The predominant physiological factors which influence percutaneous absorption are site,
condition, age, metabolic potential, vascularization and racial variation of the treated
skin.162.163 In clinical practice, it is usually not possible to exercise any control over these
biological variables. Optimization of topical delivery is, therefore, most frequently achieved
by manipulating the physicochemical parameters of the dosage form. The main characteristics
of the permeant which influences its absorption are partition coefficient, diffusivity and

concentration.

The biopharmaceutics of topical drug delivery is concerned with the release of the active
therapeutic agent from a vehicle, and penetration through the skin to its site of action. For
drug delivery to diseased skin, the purpose is to produce a local therapeutic response by
achieving an appropriate drug level at the particular skin site.164.165 The therapeutic
response, in terms of onset, duration and magnitude, depends on the relative efficiency of
three sequential events: release of the drug from the topical vehicle, penetration of the drug
through the skin barriers and production of the desired pharmacological response by the
drug.

Skin penetration can be tested in vitro using a diffusion cell equipped with animal, human or
silicone membrane and this procedure can give a good indication of the penetration potential
of the drug under study.

Diffusion is a process of mass transfer of individual molecules of a substance, brought about
by random molecular motion and associated with a concentration gradient. The transport or
flow of molecules through the barrier is a particularly convenient way to study diffusion and
at steady-state the process is described by Fick's first law of diffusion:

:—D§"(‘:‘ ....................... Eq71

Ox

where, J is the rate of mass transfer per unit area of surface (the Flux), C is the concentration
of the diffusing substance, x is the distance in cm of the movement perpendicular to the
surface of the barrier, C/x is the concentration gradient across the membrane and D is the

diffusion coefficient. The flux of the substance corresponds to the slope of the steady-state

diffusion curve in Figure 7.1
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Figure 7.1: The time course for absorption for the simple flux obtained by plotting the cumulative amount
of diffusant crossing unit area of membrane (M) as a function of time.
Steady state is achieved when the plot becomes linear; extrapolation of the linear portion to the
time axis yields the lag time (t ).

However, the stratum corneum is not simply an inert structure barrier to diffusion but one
with an affinity for the applied solute. Hence, the drug concentration at the skin surface will
not be the same as in the formulation but will be related to it according to the membrane-
vehicle partition coefficient (P) which is defined as an index of the relative affinity of the
solute for the stratum corneum and vehicle. Equation 7.1 can therefore be expressed as:

_ DP (Cd"Cr)

J B e Eq7.2

where 6C= (Cy4-C;) is the concentration difference across the membrane, Cq is the
concentration of diffusant in the donor compartment, C; is the concentration of diffusant in

the receiving compartment and h is the membrane thickness.

P, D and h may be combined into a single proportionality constant:

DP
sz —H’- .......................

J=Kp8C Eq 7.4
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Provided that the depletion in the donor compartment is negligible and sink conditions apply,
8C approximates to Cyq, since the applied concentration is essentially constant and the drug

concentration in the receptor phase remains effectively zero, thus:

J=KpCa e Eq7.5

The establishment of steady-state diffusion, described by equation 7.5, is preceded by the
period (non-steady state) where the flux of the drug gradually increases as it equilibrates
within the membrane (Figure 7.1). By extrapolating the linear region of this plot to the x-
axis, a lag time (tL) can be defined, which is dependent upon the membrane diffusion
coefficient (D) and the thickness of the membrane (h):

tL: 6—1)' ....................... Eq7.6

The time taken to achieve steady-state diffusion is considered to be approximately 2.7 times
the lag time.162 As values of t;_for different penetrants can vary from a few minutes to many
hours, this early phase of absorption is clearly of clinical relevance.

7.2 EXPERIMENTAL
7.2.1 Preparation of membranes

The silicone rubber membrane (dimethyl polysiloxane, Silastic® Medical grade 500-3, Dow
Corning, 0.010 inch thick) was used in the permeation studies. The membrane was rinsed in
distilled water to remove surface deposits and subsequently cut into rectangular pieces of
appropriate size, prior to mounting onto diffusion cells. The largely lipoidal nature of the
stratum corneum has implications for the use of simple lipid membranes such as Silastic to
mimic skin, which have found widespread use in permeation studies.166 From a range of
synthetic membranes used to study the permeation of salicylic acid, Silastic yielded a flux
closest to that of excised human skin.167
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7.2.2 Franz-type diffusion cells

Franz-type diffusion cells168 as shown in Figure 7.2, were employed during the course of
the permeation studies. The membrane was mounted between the two halves of the diffusion
cell, comprising an upper donor chamber and a lower receptor chamber, thereby offering a
surface area of approximately 2.0 cm? for diffusion. The two halves of the cell were secured
with Parafilm and held together by a spring clamp. The receptor compartment, which had a
capacity to hold 20 to 30 ml of fluid, could be sampled via a side-arm. This sampling port
was sealed with a small rubber stopper in between sampling to prevent evaporation of the
receptor solution. Uniform mixing of the drug in the receiving compartment was achieved
by a small teflon-coated magnetic stirring bar driven by an external motor. The receptor cell
was maintained at 37 °C by a thermostated water pump which circulated water through a
jacket surrounding the cell body. This resulted in a donor compartment (and skin surface)
temperature of 32 = 1 °C. The donor compartment could be sealed with a perspex lid to

minimise evaporation of the donor fluid during the permeation study.

( ] <«——— Perspex lid

Donor chamber

5

Clamp ~&—— Membrane
 —
~——— Sampling port
Water jacket
Receptor chamber
Magnetic Bar / i > D \ ~<— (Circulating water at
37 <C

Figure 7.2: Schematic representation of a Franz-type diffusion cell.

7.2.3 Preparation of test vehicles

The choice of a suitable receptor medium is also important. For the duration of these
permeation studies, the receptor phase employed was chosen to resemble the drug-free donor
vehicle. This was most commonly a vehicle composed of 10% propylene glycol in buffer
(pH 2.0-8.0). The prime objective of a receptor medium is to provide an effective sink for

the penetrant and thus maintain a favourable driving force for absorption.
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This criterion is considered to be met, provided the concentration of the penetrant in the
receptor phase does not exceed 10% of its saturated solubility in the donor compartment.
Non-buffered 10% v/v propylene glycol in water and buffered 10% v/v propylene glycol in
water were used as test vehicles during the permeation studies. The buffered 10% v/v
propylene glycol solutions (pH 2.0-8.0) of constant ionic strength were prepared from the
phosphate-citrate (McIlvaine) buffers (Appendix, Table 5.1A). The pH values were adjusted
as required with sodium hydroxide or phosphoric acid to give the values pH 2.0 - 8.0. To
the membrane surface of the donor phase was added a solution of drug in ethanol. After 5
minutes, during which time the ethanol had evaporated, 0.5 ml of phosphate-citrate buffer in
10% propylene glycol at different pH (2.0-8.0) was added over the membrane. The donor
compartment was protected from air by keeping it under argon gas.

7.2.4 Permeation procedure

The receptor compartments were filled with the chosen vehicle (20-30 ml), which had been
maintained at 37 °C and degassed by sonication to minimise volume changes and prevent
accumulation of air bubbles at the membrane-receptor fluid interface. The membrane was
allowed to equilibrate with the receptor solution for 30 min., at which time any air bubbles
which had collected in the vicinity of the membrane were removed via the sampling port by
carefully tilting the cell assembly. Ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) (500 mg) was dissolved in ethanol (10 ml) to make
a stock solution of 50 mg/ml. The stock solution (100 pl) was added over the membrane
(10.55 uM). After 5 minutes when the ethanol had evaporated, 0.5 ml of phosphate-citrate
buffer in 10% propylene glycol was added.

Samples of the receptor compartment (1 ml) were removed every hour and analysed by
HPLC. After withdrawal of each sample, the receptor fluid was replenished with an
equivalent volume of the drug-free vehicle.

All permeation studies were performed in triplicate and were protected from light and air for
the duration of the study. The concentration of the permeant in the receptor compartment at
each sampling point was determined by HPLC (30% acetonitrile in water was used as a
mobile phase in HPLC and 20 pl volume was injected in HPLC). The amount of drug
penetrating the membrane per unit area was calculated by the volume of the receptor
compartment and the area of the membrane available for diffusion, which varies for each cell.
The cumulative amount of drug penetrated per unit area was calculated by MT-CALC.169 A
plot of the cumulative amount penetration per unit area as a function of time yielded the

steady-state flux (slope) (J) and the lag time (tL).
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7.3 RESULTS AND DISCUSSION

7.3.1 Percutaneous absorption of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]l-3-aminopropionate (74, R=KEt)

Initial permeation experiments of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (74, R=Et) were performed with the solution at pH 6.5 in the donor
compartment and pH 3.0 in the receiving compartment each containing 10% propylene glycol
in water. These showed very irregular absorption; the profile was linear up to 3.0 h after
which the rate of transport of drug fell rapidly (Figure 7.3 and Appendix 7.1A). The colour
of the drug in the donor compartment changed to purple. The colour is due to degradation of
drug by oxidation of the catechol ring. Further, the drug is hydrophilic, a factor which will
limit the rate of transport through the Silastic membrane. This led to the synthesis of the
lipophilic derivative (107).

1.0 1

B Mt ( pmol/cmA?2)

Mt (u mol/cm?2)

0 2 4 6 8 10
Time (h)
Figure 7.3: Transport of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74,

R=Et) through the silicone membrane at pH 6.5 in the donor compartment. Receiving
compartment contains 10% propylene glycol in water at pH 3.0.

In contrast, there was no transport of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (74, R=Et) at pH 3.0 in the donor compartment. Here,
virtually all of the amine is in the protonated form, a species which has little affinity for the

membrane.
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7.3.2 Percutaneous absorption of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-
2'-hydroxyethyl]-3-aminopropionate (107)

The initial permeation experiment of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at pH 7.0 in the donor compartment into a receiver
containing 10% propylene glycol in distilled water (pH 6.5) showed an initial lag phase
followed by non-linear transport with a steadily falling rate (Figure 7.4 and Appendix 7.2A).
The drug in the receiving fluid slowly developed a light purple colouration. This is due to
slow hydrolysis of the pivaloyl esters followed by degradation of drug by oxidation. This is
because the drug (107) was not stable at pH 6.5. Therefore, the pH of the receiving fluid
was reduced to pH 3.0, a pH at which the drug was stable (Section 5.3.3).
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Figure 7.4: Transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) through the silicone membrane in 10% propylene glycol in water at pH 6.5 in receiving
compartment (pH 7.0 in the donor compartment).

The permeation studies of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) at pH 7.0 (non-buffered) in the donor compartment and receiving
compartment containing 10% propylene glycol in distilled water (pH 3.0) showed that
steady-state flux was obtained (Figure 7.5), due to the increased stability of the drug at the
reduced receiving pH. The mean flux is 8.673 x 10-2 (£ 0.005) umol/cm?2/h and mean lag

time is 0.65 (£ 0.13) h.
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Figure 7.5: Transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) through the silicone membrane in 10% propylene glycol in water at pH 3.0 in receiving
compartment (pH 7.0 in the donor compartment).

The mean flux was 8.6732 x 10-2 (+ 0.005) pumol/cm?2/h and mean lag time was 0.65 (+
0.13) h.

In initial investigations, the permeation of the ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) in 10% propylene glycol (pH 3.0, 5.0 and 7.0, all
non-buffered) across the silicone membrane was examined. Steady-state fluxes and lag

times were determined and are shown in Figure 7.6 and Table 7.1. (See Appendix 7.3A).
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Figure 7.6: Permeation of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) across the silicone membrane at different pH (non-buffered) in 10% propylene glycol in
water in the donor compartment.
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pH Flux (tmoles/cm2/h) Lag time (h) ]]

3.0 0.068436 1.64 "
I so 0.079579 1.61
D 0.092911 1.55 |

Table 7.1: Permeation data for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) across the silicone membrane at different pH (non-buffered) in 10%
propylene glycol in water in the donor compartment.

These data clearly illustrate the effect of pH on the membrane transport with increased
transport at higher pH values. A series of experiments were conducted to assess the effect of
buffered pH on the percutaneous absorption of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107, 10.55 uM) from buffered 10% propylene glycol in
water (pH 2.0-8.0). The cumulative transport and fluxes at different pH values are shown in
Figures 7.7 and 7.8.

7.3.2.1 Percutaneous absorption of ethyl N-[2'-(3",4"-dipivaloyloxy
phenyl)-2'-hydroxyethyl]-3-aminopropionate (107) at buffered pH
3.0-8.0 in 10% propylene glycol in water.

The penetration profiles and corresponding data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-

2'-hydroxyethyl]-3-aminopropionate (107) at buffered pH 3.0-5.0 are presented in Figure
7.7 and from pH 6.0-8.0 in Figure 7.8. (See Appendix 7.4A-7.9A).

247




e
=
X

0.03

0.02

Mt (i mol/cm?)

0.01

0.00

Figure 7.7:

0.06

0.05

0.04

0.03

Mt (i mol/cm? )

0.02

0.01

0.00

Figure 7.8:

CHAPTER SEVEN: Percutaneous Absorption Studies of B-Adrenoceptor Agonists
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Silicone membrane transport of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) at buffered pH 3.0-5.0 in 10% propylene glycol in water in the
donor compartment,
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Silicone membrane transport of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-

aminopropionate (107) at buffered pH 6.0-8.0 in 10% propylene glycol in water in the
donor compartment.
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Table 7.2 shows the mean flux (J), permeability coefficient (Kp) and lag time (t) of ethyl
N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (107) at buffered

pH (2.0-8.0) in 10% propylene glycol in water.

pH Flux (J) (tmol/cm2/h) Permeability coefficient lag time (ty)
(* s.d) (Kp) (cm2/h) (£ s.d) (h) (+s.d.)
3.0 1.0067 x 10-3 9.5418 x 10-5 2.56
(+£3.83 x 104) (£ 3.63 x 10-9) (£ 0.20)
4.0 4.3167 x 10-3 4.0916 x 10-4 3.14
(£4.07 x 104 (+ 3.86 x 10-3) (£ 0.05)
50 5.4369 x 10-3 5.1535 x 10-4 1.80
(+4.76 x 10-5) (£ 4.51 x 10-6) (£0.2)
6.0 6.7400 x 10-3 6.3886 x 10-4 3.18
(£4.53 x 104 (+4.30 x 10-5) (£ 0.03)
70 9.1076 x 10-3 8.6328 x 10-4 2.92
(*1.11 x 10-3) (£ 1.05x 104) (£ 0.19)
8.0 1.0569 x 10-2 1.0018 x 10-3 3.08
(+£9.72x 104 (+£9.20 x 10-5) (£ 0.07)
Table 7.2: Silicone membrane transport data of ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (107) at different buffered pH in 10% propylene glycol in water in the
donor compartment.
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Figure 7.9: Silicone membrane transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-

aminopropionate (107) at different buffered pH in 10% propylene glycol in water in the
donor compartment.

249




CHAPTER SEVEN: Percutaneous Absorption Studies of B-Adrenoceptor Agonists

A plot of the observed flux against the pH of the donor compartment shows that transport is
enhanced at higher pH values (Figure 7.9). Partitioning into the membrane is favoured by
the undissociated form of the drug, the ratio of which increases with increasing pH for basic
drugs such as ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107). The percentage of base ionized at a given pH can be caculated from Equation 7.7.
Table 7.3 shows the percentage of ionized ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at different pH (pKj of 107 is 7.43, see Section
5.3.6).

% lonized = +— 101(?,?{ e U Eq. 7.7
“ pH % of unionized (107)| Flux (umol/cm?2/h)
2.0 0.001 ]
I 30 0.004 1.0067 x 10-3
I 40 0.037 43167 x 10°3
EX 0.372 5.4369 x 10-3
I 60 3.602 6.7400 x 103
I 7.0 27.203 9.1076 x 10-3
I 80 78.889 10569 x 102

Table 7.3: Percentage of ionized and unionized ethyl N-[2'-(3" 4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-
3-aminopropionate (107) at different buffered pH in 10% propylene glycol in water in the
donor compartment.
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Figure 7.10: Permeation of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) increases as the percentage of unionized triester increases in the donor compartment.
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A plot of flux as a function of the fraction of drug in the unionised form (Figure 7.10)
suggests that the protonated form does not penetrate the membrane, although it does not
show the expected linear relationship.

7.4 CONCLUSIONS

The penetration of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-amino
propionate (74, R=Et) and ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl}-3-
aminopropionate (107) through the silastic membrane was investigated. Ethyl N-[2'-(3",4"-
dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate (74, R=Et) was poorly absorbed
through the membrane because of its hydrophilicity and its rapid oxidation at the catechol
group. This led to the synthesis of the more lipophilic derivative (107) with dipivaloyl
protection of the catechol group. Compound (107) has a better penetration profile due to the
lipophilic pivaloyl groups and to the greater stability towards oxidation.

According to the simple form of the pH-partition hypothesis, only unionised molecules pass
across lipid membranes in significant amounts.170 Ionised species do not have favourable
free energies for transfer to lipid phases. Weak acids and weak bases are dissociated to
different degrees, depending on the pH and the pKj of the diffusant. Thus, the fraction of
the unionised drug in the applied phase determines the effective membrane gradients, and this
fraction is a function of pH.

At high values of pH, at which the drug was substantially in the unionized form, the flux
value was maximal. Decreasing the pH increased the fraction of ionized drug and resulted in
a decrease in flux. However, at pH values higher than 6.0, the drug begins to degrade at
measurable rates. Therefore pH 6.0 is optimal for its formulation because at that pH there is
a fine balance between flux and the stability of the drug.
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8.1 INTRODUCTION

8.1.1 Effect of B-adrenoceptor agonists on trachea

B-Adrenoceptor agonists cause the relaxation of smooth muscle which contains B receptors.
Therefore B-adrenoceptor agonists (isoprenaline) are given to relieve bronchospasm.85

8.1.2 Effect of B-adrenoceptor agonists on heart

B-Adrenoceptor agonists increase the rate and force of the heart beat by interacting with 3
receptors. [3-Adrenoceptor agonists increase the frequency of heart beat (positive
chronotropic response) and force of contraction (positive inotropic effect).85 The positive
chronotropic and inotropic actions produced by the 3-adrenoceptor agonists are accompanied
by an increase in glycogenolysis by the activation of adenylate cyclase-cyclic AMP system.
The positive inotropic effect is also mediated by c-AMP. The ¢c-AMP activates a kinase
enzyme that in turn activates some mechanism that makes more Ca2* available for the
contractile proteins. Cyclic-AMP is also thought to mediate the increase in Ca2* flux through
the membrane during the action potential.

8.2 EXPERIMENTAL
8.2.1 Guinea pig trachea

The trachea was dissected from a guinea pig (300-400 g) and opened into a sheet by making
a longitudinal incision opposite to the smooth muscle. Alternate cuts were made through the
tissue and the strip so formed was mounted in an organ bath maintained at 37 °C and bathed

in physiological salt solution (PSS) of the following composition (mM): NaCl 118.5, KCl
4.75, CaCly 2.5, KHpPO4 1.2, NaHCO3 25, MgS04.7H20 1.17 and dextrose 11.6. The
tissues were gassed with 95% O2/5% CO». The tissue was mounted under a resting tension
of 2 g and all contractions were recorded via Pioden isometric transducers by means of UF1
transducers from Ormed, preamplified to a BBC flatbed recorder connected to a MacLab.
Tissues were pre-contracted with acetylcholine (10-5 M) and the effect of the experimental

compounds and of isoprenaline were determined as relaxations of the pre-contracted tissues.
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8.2.2 Guinea pig atria

The heart was dissected from guinea pigs (300-400 g), cleared of fat and the atria were
separated from the ventricular mass. The atria were mounted separately in organ baths under
1 gram tension, bathed in PSS and gassed with 95% O2/5%CO3 at 37 °C. The right atria
was used to record chronotrophic responses and the left atria was driven through a bipolar
electrode at 60 V, 6 msec pulse, 1Hz, with supramaximal voltage to record inotropic
responses.

All results are presented as the mean and standard error of the mean of at least 6

observations.

8.3 RESULTS AND DISCUSSION

The soft-drug (74, R=Et) caused a concentration dependent relaxation of the pre-contracted
guinea pig trachea, similar to that produced by the B-adrenoceptor agonist isoprenaline
(Figure 8.1). Propranolol (10-6 M) caused a competitive antagonism of the responses to the
soft-drug characterised by a parallel displacement of the dose-response curve to the right with
no change in the maximum response (Figure 8.2). A similar concentration dependent
relaxation of the pre-contracted trachea was observed with the propyl analogue of the soft-
drug (74, R=Pr). The dihydroxy acid (74, R=H) also caused a dose dependent relaxation
of the pre-contracted tracheas but was significantly less potent than the soft-drug (74, R=Et)
(Figure 8.3). Thus the maximum response of the acid was attained at a concentration of 3 x
104 M whereas with the soft-drug the maximum response was achieved at a concentration of
10-5 M (Figure 8.4). The soft-drug (74, R=Pr) had a similar potency to that of the soft-drug
(74, R=Et) (Table 8.1, graph not shown). The soft-drugs (74, R=Et and Pr) were slightly
less potent than isoprenaline but significantly more potent than the parent acid.

Compound 7 EDéo "
Isoprenaline 268 (+0.37) x 107 M (n=25) I
Soft drug (74, R=Et) 4.07 (+0.49) x 107 M (n=9)
Soft drug (74, R=Et) with propranolol 106M | 8.8 (+0.9) x 106 M
Soft drug (74, R=Pr) 6.52x 107 M
Dihydroxy acid (74, R=H) 2.95 (£ 0.9) x 10-5 M (n=6)

Table 8.1: The EDsg of isoprenaline, soft drugs (74, R=Et, Pr), soft drug (74, R=Et) with propranolol
and metabolite (74, R=H).
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Both the soft-drugs (74, R=Et and Pr) were full agonists on the pre-contracted guinea pig
trachea and produced maximum responses that were not significantly different from the
maximum response achieved with the potent f8-adrenoceptor agonist isoprenaline. The
maximum response to the dihydroxy acid (74, R=H) was significantly less than that to either
isoprenaline or the soft drug (74, R=Pr) (p < 0.01) (Figure 8.4).

The pro-soft-drug (107) had little activity on the pre-contracted guinea pig ileum but at high
concentrations (> 10-5 M) it produced slowly developing relaxations. This is consistent with
in vitro results which show that the dipivaloyl groups are hydrolysed more readily than the
ethyl ester to produce the active soft-drug (74, R=Et).

On the isolated atria of the guinea pig, the soft-drug (74, R=Et) produced a positive inotropic
and chronotropic response similar to that observed with isoprenaline. Again the dihydroxy
acid (74, R=H) showed activity only at high concentrations. As with the guinea pig trachea,
the soft drug was a full agonist on the atria but was less potent than isoprenaline.
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Relaxation of Guinea Pig Trachea
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Figure 8.1: The soft-drug (74, R=Et) was a full agonist on the trachea preparations but was less potent

than isoprenaline [EDsq of 4.07 (+ 0.49) x 107 M compared with 2.68 (+ 0.37) x 107 M
for isoprenaline].

Relaxation of Guinea Pig Trachea
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Figure 8.2: Responses to the soft-drug (74, R=Et) was competitively antagonised by propranolol (106
M) and, in the presence of propranolol, the EDsq of the drug was 8.8 (+ 0.9) x 106 M.
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Relaxation of Guinea Pig Trachea
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Figure 8.3: The maximal response of acid (74, R=H) was significantly less than the agonist (74, R=Et)
and was attained at a concentration of 3 x 104 M, whereas with the soft drug the maximum
response was achieved at a concentration of 10° M [EDsg 0f 2.95 (£ 0.9) x 107 M.

Maximum Relaxation of Guinea Pig Trachea
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Figure 8.4: The maximum relaxation of guinea pig trachea by soft-drug (74, R=Et) at a concentration of 3
x 10~ M, isoprenaline at a concentration of 3 x 10-> M and dihydroxy acid (74, R=H) at a
concentration of 3 x 104 M.
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CONCLUSION

Psoriasis is characterised by epidermal proliferation and inflammation resulting in the
appearance of elevated erythematous plaques. The clinical manifestation of psoriasis is
marked by extensive scaling and a thickened epidermis, therefore, an uncontrolled cellular
proliferation of epidermal cells is regarded as the primary disorder in psoriasis. A defect in
the cyclic nucleotide system in the epidermis, reflected by an imbalance in the ratio of c-AMP
to c-GMP, has been proposed to play a central role in the pathogenesis of psoriasis. Normal
human epidermis contains approximately 0.2-0.4 pmol of cyclic-AMP/ug of DNA. Cyclic-
GMP is also present in the dermis but in much smaller amounts, ranging from 5 to 7 fmol/ug
of DNA, and shows a statistically significant two-fold increase in the lesional epidermis.
When the epidermal cell surface receptors are stimulated by B-adrenergic agonists,
intracellular ATP is transformed into c-AMP thus restoring the c-AMP/c-GMP levels.
Therefore, the topical application of B-adrenoceptor agonists may be beneficial in psoriasis.
For example, the topical application of 0.1% isoprenaline sulphate was found to significantly
decrease the elevated glycogen content and scaliness and cause remission of psoriasis.

Based on the above discussion, anti-psoriatic drugs may possibly be developed due to their

influence on the cyclic nucleotides in three ways (Figure 1.2):

* stimulation of adenylate cyclase,
* administration of c-AMP or dibutyl c-AMP,
* inhibition of c-AMP-degradation by phosphodiesterases.

The simultaneous use of more than one of the above mentioned pathways may provide a
greater possibility of success.

Cyclic-AMP or its lipophilic analogue dibutyl c-AMP can be administered to increase the c-
AMP level, but both are short lived and quickly hydrolyse by phosphodiesterase (PDE) to
AMP. Inhibitors of cyclic nucleotide phosphodiesterase such as papaverine and Ro 20-1724
[4-(3'-butoxy-4'-methoxybenzyl)-2-imidazolidinone] have also been shown to be beneficial
in psoriasis. Papaverine inhibits both cyclic-AMP-phosphodiesterase (c-AMP-PDE) and c-
GMP-PDE whereas Ro 20-1724 inhibits c-AMP-PDE only, but both agents improve

psoriasis lesions.
Another option is to activate the adenylate cyclase enzyme, which catalyses the production of

intracellular c-AMP. It may be possible, therefore, to develop a new therapeutic approach in
psoriasis via the stimulation of adenylate cyclase by 3-adrenoceptor agonists.
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For a B-adrenoceptor agonist to be useful clinically in the treatment of inflammatory and
proliferative skin disease, it is a pre-requisite that activity be restricted to the percutaneous
layers, and that no untoward cardiovascular effects occur as a consequence of systemic
absorption. As the drug enters into the blood stream, it needs to be hydrolysed or
metabolised into an inactive moiety.

To test this hypothesis, we have prepared a series of 3-adrenoceptor agonists for topical
delivery. To limit systemic effects, we have adopted the soft-drug approach. The N-
substituent of f-adrenoceptor agonists can accommodate a broad range of structures, so,

here, we have used the alkoxycarbonylethyl group. Based on the structure activity
relationship, B-adrenoceptor activity can be terminated in two ways:

* Loss of the basic centre at nitrogen (eg. -NH- to -N-CO-)
* Dramatic polarity change in the N-substitution

Based on this idea, a carboxylate ester group was introduced one or two carbon atoms distant
from the amino group. Such derivatives should hydrolyse to give a carboxylate anion in the
blood, which we believe will be devoid of B-adrenoceptor activity (see section 1.3.3, Figure
1.5). The first part of this project sets out to explore the synthesis of B-adrenoceptor

agonists with the general structure (49, n=1 or 2):

OH 0

| Il
HO:@/? —CH, =NH—[CH,], -C—0—R
H
HO

(49, n=1 or 2)

However, compound (49, n=1) was not synthesised due to the instability of the compound
which may react to give a 6-membered cyclic lactone, suggesting that compounds of
structure type (n=1) are not stable. The attempted synthesis of this class of compound was
terminated and, for subsequent syntheses, the chain length between the amino and

carboxylate groups was increased to two carbon atoms.

The catechol group is nucleophilic as well as been prone to oxidation in the presence of light
and air, which may make the chemistry complex. Therefore, prior to the incorporation of the
catechol group, which is important for B-adrenergic activity, the synthesis of model

compounds (50, R=Me, Et), without the 3,4-dihydroxy substituents, were considered.

OH
O_i_ CHy-N-CHzCHzCOOR
H

(50, R=Me, Et)
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Having successfully prepared two amino acid esters (50, R=Me, Et) as model compounds,
the catechol derivatives with 3,4-dihydroxy substituents (74, R= Me, Et, Pr, Bu) were

synthesised.
H_ ,OH
HOj : - C_NH-CH;-CH;- COOR
HO

(74)

The increased polarity of the dihydroxy acid (74, R=H), expected after metabolic conversion
of the soft-drug (74, R=Et), should eliminate agonist activity. Further, to prevent oxidation
and enhance topical delivery we have sought to esterify the catechol hydroxyl groups to
produce a pro-soft-drug (107), which generates the soft-drug (74, R=Et) in enzymic

systems.
0 P 0
>_c—o (IZ—CHZ —NH—CH, —CH, —C —0—CH,-CH,
pog!
c—O0
y) (107)

Before these compounds were studied further to evaluate their biological response, their
stability in chemical and enzyme media was determined.

In chemical hydrolysis, the soft-drug (74, R=Et), pro-soft-drug (107) and phenyl analogue
(50, R=Et) are most stable at pH 4.0 with half-lives of 295, 560 and 438 hrs, respectively.
The pK, values of the pro-soft-drug (107) and phenyl analogues (50, R=Et) and (50,
R=Me) were found to be 7.427 £ 0.194, 7.760 + 0.038 and 7.768 + 0.060 respectively.
The pKj, of 7.40 for the pro-soft-drug (107), estimated from the hydrolysis data by non-
linear regression, is in excellent agreement with that determined by direct titration (7.43) and
indicates that satisfactory convergence was achieved. Moreover, the pH of minimum rate of
degradation calculated from these data using equation 5.2 is pHpyin= 4.0; a value which is in
agreement with that obtained by inspection of the plot (Figure 5.9).

The chemical hydrolysis of the pro-soft-drug (107) proceeded via the formation of
dipivaloyloxy acid (120). In contrast, in the presence of porcine liver carboxyesterase the
hydrolysis of the pivaloyl group in the pro-soft-drug (107) was much more rapid than the
hydrolysis of the ethyl ester, and the esterase-catalysed hydrolysis of the pro-soft drug (107)
proceeded via the formation of the soft-drug (74, R= Et). This mode of degradation of the
pro-soft drug (107) to give active the soft drug (74, R= Et) is the required route. The pro-
soft-drug (107), therefore, has the appropriate kinetic features to enable it to be evaluated

further as a drug for the treatment of psoriasis.
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0 PH
il
>—c—- C=CH,—NH —CH,~CH,~C—0H

|
9—&-0

H

Dipivaloyl acid -120

After establishing the stability and hydrolysis path in chemical and enzyme media,
permeation through a membrane was assessed using Franz-type diffusion cells. The soft-
drug (74, R=Et) was poorly transported across the membrane; it was also air-sensitive due
to oxidation of the catechol group. The transport of the pro-soft-drug (107) over the donor
pH range 3-8 increased with pH as, at lower values, the largely protonated species was not
transported. However, above pH 7, chemical degradation is rapid so that a donor pH of 5-6

may be optimum for a formulation.

Subsequently, these compounds were tested for their B-adrenergic agonist activity by in vitro
measurement of the chronotropic and inotropic responses in the guinea pig atria and
relaxation of guinea pig trachea precontracted with acetylcholine (10-5 M). The soft-drug
(74, R=Et) was a full agonist on the tracheal preparation but was less potent than
isoprenaline [EDsg of 4.07 (£ 0.49) x 10-7 M compared with 2.68 (+ 0.37) x 10-7 M for
isoprenaline, p<0.05]. Responses of soft-drug (74, R=Et) were competitively antagonised
by propranolol (10-6 M) and, in the presence of propranolol, the ED5g of the drug was 8.8
(£ 0.9) x 106 M. The soft-drug (74, R=Et) produced an increase in force and rate of the
isolated atrial preparation. The soft-drug (74, R=Pr) was equally potent with an EDs( of
6.52 x 107 M.

In contrast, at equivalent doses, the dihydroxy acid (74, R=H) showed no activity; only a
marginal effect was observed on the tracheal preparation. The maximal response of acid
(74, R=H) was significantly less than the agonist (74, R=Et) with an EDsq of 2.95 (+ 0.9)
x 10-5 M.

For the pro-soft-drug (107), responses were of slow onset in both preparations, with a
slowly developing relaxation of the tracheal preparation at high concentrations (10-5 M).
This is consistent with in vitro results where the dipivaloyl groups are hydrolysed more
readily than the ethyl ester to give the active soft-drug (74, R=Et). These results confirm the
validity of the pro-soft-drug approach to the delivery of B-adrenoceptor agonists and suggest

that as in vitro assessment may now be appropriate.
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APPENDIX FOR CHAPTER FIVE:

Disodium hydrogen Citric acid in grams Potassium chloride in
pH Phosphate in grams grams to make buffer of
(NazHPO4. IZHQO) (CeHgO7. H20) ionic strength 1M
I 0.143 2.060 3.72
I 3.0 1.470 1670 3.14
” 4.0 2760 1.290 2.55
5.0 3.690 1.020 1.82
I 60 4.520 0.774 1.16
I 7.0 5.890 0.370 0.544
I so 6.960 0.059 ] |

" Amounts are dissolved in distilled water and final volume are made up to 100 ml

Table 5.1A: Preparation of Mcllvine buffers

KOH (ml) pH [H30+] | a=[NH+] | b=[N:] pKa
0.4 6.77 1.6982E-11 | 1.1392E-04 | 9.9010E-03 7.831
0.8 7.11 7.7625E-11 | 1.0300E-03 | 1.9608E-03 7.830
1.2 7.32 4.7863E-11 | 9.2287E-03 | 2.9126E-03 7.821
1.6 7.48 3.3113E-10 | 8.1784E-03 | 3.8462E-03 7.808
2.0 7.62 2.3988E-10 | 7.1482E-03 | 4.7619E-03 7.796
2.4 7.74 1.8197E-10 | 6.1373E-03 | 5.6604E-03 1.775
2.8 7.86 1.3804E-10 | 5.1454E-03 | 6.5421E-03 7.756
3.0 7.91 1.2303E-10 | 4.6563E-03 | 6.9767E-03 7.734
3.4 8.02 9.5499E-10 | 3.6918E-03 | 7.8341E-03 7.693
3.8 8.14 7.2443E-10 | 2.7448E-03 | 8.6758E-03 |  7.640

Table 5.2A: Potentiometric titration of methyl N-[2'-phenyl-2'-hydroxyethyl]-3-aminopropionate HCI
(50, R=Me, 129.92 mg) with KOH (0.1 M) in 10% acetonitrile in water.
{End-point 2.64 ml, mean pK, value= 7.768 * 0.06]
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KOH (ml) pH [H30+] | a=[NH+] | b=[N:] pKa |
0.2 6.31 4.8978E-07 | 1.6282E-02 | 9.0090E-04 |  7.567
0.4 6.41 3.8905E-07 | 1.5243E-02 | 1.7857E-03 7.341
0.6 6.52 3.0200E-07 | 1.4223E-02 | 2.6549E-03 7.249
0.8 6.64 2.2909E-07 | 1.3222E-02 | 3.5088E-03 7.216
1.0 6.79 1.6218E-07 | 1.2237E-02 | 4.3478E-03 7.239
1.2 6.96 1.0965E-07 | 1.1269E-02 | 5.1724E-03 7.298
1.4 7.14 7.2444E-08 | 1.0318E-02 | 5.9829E-03 1.377
1.6 7.36 4.3652E-08 | 9.3835E-03 | 6.7797E-03 7.501
1.8 7.61 2.4547E-08 | 8.4643E-03 | 7.5630E-03 7.659
2.0 7.87 1.3490E-08 | 7.5604E-03 | 8.3333E-03 7.828

Table 5.3A: Potentiometric titration of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate HCI (107, 180.80 mg) with KOH (0.1 M) in 10% acetonitrile in water.
[End-point 1.72 ml, mean pK, value= 7.4275 + 0.194]

KOH (ml.;

a=[NH*]

pH [H30+] b=[N:] pKa
0.6 8.59 2.5704E-09 | 9.1366E-03 | 1.1858E-03 |  9.478
1.0 8.86 1.3804E-09 | 8.2806E-03 | 1.9608E-03 |  9.487
1.4 9.01 9.7724E-10 | 7.4379E-03 | 2.7237B-03 |  9.448
1.8 0.14 | 7.2443E-10 | 6.6083E-03 | 3.4749E-03 |  9.421
2.2 9.26 | 5.4954E-10 | 5.7914E-03 | 4.2146E-03 |  9.401
2.6 9.37 4.2658E-10 | 4.9869E-03 | 4.9430E-03 |  9.377
3.0 9.48 3.3113E-10 | 4.1945E-03 | 5.6604E-03 |  9.354
3.4 9.57 2.6915E-10 | 3.4141E-03 | 6.3670B-03 |  9.305
3.8 9.67 2.1380E-10 | 2.6452E-03 | 7.0632E-03 |  9.252
4.2 9.79 1.6218E-10 | 1.8876E-03 | 7.7491E-03 |  9.191

Table 5.4A: Potentiometric titration of ephedrine HCI (105.35 mg) with KOH (0.1 M) in water.

[End-point 2.55 ml, mean pK, value= 9.371 £ 0.092].
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KOH (ml) pH [H30+] a=[NH*] b=[N:] plgam
0.1 7.85 1.4125E-08 | 9.7804E-03 | 1.9960E-04 9.540
0.3 8.31 4.8978E-09 | 9.3439E-03 5.9642E-04 9.505
0.5 8.55 2.8184E-09 | 8.9109E-03 | 9.9010E-04 9.504
0.7 8.69 2.0417E-09 | 8.4813E-03 | 1.3807E-03 9.478
1.1 8.92 1.2023E-09 | 7.6321E-03 | 2.1526E-03 9.470
1.3 9.01 9.7724E-10 | 7.2125B-03 | 2.5341E-03 9.464
1.7 9.16 6.9183E-10 | 6.3830E-03 | 3.2882E-03 9.448
1.9 9.23 5.8884E-10 | 5.9730E-03 | 3.6609E-03 9.443
2.1 9.29 5.1286E-10 | 5.5662E-03 | 4.0307E-03 9.430
2.5 9.40 39811E-10 | 4.7619E-03 | 4.7619E-03 9.400

Table 5.5A: Potentiometric titration of ephedrine HCI (100.85 mg) with K
acetonitrile in water.
[End-point 1.85 ml, mean pK, value= 9.468 + 0.039]
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HCI (ml) pH [H30+] a=[NH*] b=[N:] pKa
0.2 10.41 3.8905E-11 | 3.9841E-04 9.6678E-03 9.025
0.4 10.28 59481E-11 | 7.9365E-04 | 9.2326E-03 9.214
0.6 10.16 6.9183E-11 | 1.1858E-03 | 8.8009E-03 9.289
0.8 10.07 8 5114E-11 | 1.5748E-03 | 8.3726E-03 9.344
1.0 9.98 1.0471E-10 | 1.9608E-03 | 7.9476E-03 9.372
1.2 9.91 1.2303E-10 | 2.3438E-03 | 7.5259E-03 9.403
1.4 9.84 1.4454E-10 | 2.7237E-03 | 7.1075E-03 9.423
1.6 9.76 1.7378E-10 | 3.1008E-03 | 6.6924E-03 9.426
1.8 9.71 1.9498E-11 | 3.4749E-03 | 6.2804E-03 9.453
2.0 9.64 2.2909E-11 | 3.8462E-03 | 5.8716E-03 9.456
2.2 9.58 2.6303E-11 | 4.2146E-03 | 5.4660E-03 9.467
2.4 9.51 3.0903E-10 | 4.5802E-03 | 5.0635E-03 9.466
2.6 9.44 3 6308E-10 | 4.9430E-03 | 4.6640E-03 9.465
2.8 9.40 39811E-10 | 5.3030E-03 | 4.2675E-03 9.494
3.0 9.31 4.8978E-10 | 5.6604E-03 | 3.8741E-03 9.475
3.2 9.25 5 6234E-10 | 6.0150E-03 | 3.4836E-03 9.487
3.4 9.17 6.7608E-10 | 6.3670E-03 | 3.0960E-03 9.483
3.6 9.09 8.1283E-10 | 6.7164E-03 | 2.7113E-03 9.484
3.8 9.00 1.0000E-09 | 7.0632E-03 | 2.3295E-03 9.482
4.0 8.90 1.2589E-09 | 7.4074E-03 | 1.9505E-03 9.480
4.2 8.76 1.7378E-09 | 7.7491E-03 | 1.5743E-03 9.452
4.4 8.59 2.5704E-09 | 8.0882E-03 | 1.2008E-03 9.418
4.6 8.34 4.5709E-09 | 8.4249E-03 | 8.3014E-04 9.346
4.8 7.83 1.4791E-08 | 8.7591E-03 | 4.6215E-04 9.108

water.

[End-point 4.90 ml, mean pK, value= 9.396 + 0.124].

Table 5.6A: Potentiometric titration of ephedrine (83.
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(1l [XI]

{Enzymatic hydrolysis of pro- Generation of In Situ soft-drug (74, R=Et)

soft-drug (107) [mobile phase by the enzymatic hydrolysis of pro-softdrug

is 30% MeCN in water] (107) [mobile phase is 4% MeCN in water]

‘(Time (h) Conc. |45 conc. Time (h) Cone. (LM)

(uLM)

F0.01667 ] 0.15833 9.969
0.20833 40.670 3.705 0.33333 27.444
0.39167 16.421 2.799 0.48333 40.389
0.55833 7.163 1.969 0.88333 60.710

1.17500 69.327

\F 150000 71.933

*F 233333 63.596

I 503333 56.301
‘L | 6.1500 50.289
7.83333 42.273

9.53333 33.456

21.3333 12.614

Table 5.7A: Enzymatic hydrolysis of ethyl N-[2‘-(3",4“-dipivaloyloxyphenyl)-?.‘~hydroxyethyl]-3-
aminopropionate HCl (107) with 6.29 U of PLCE at pH 7.4. Hydrolysis was monitored by
HLPC using 30% acetonitrile in water as mobile phase [I]. The same experiment was
repeated and monitored in 4% acetonitrile in water [n.

Time (h) Conc. (UM) In conc. N
0.000 63.596 4.153
2.700 56.301 4,031
3.817 50.289 3.918
5.500 42273 3744
7.200 33.456 3.510
| 19.00 12.614 2535

Table 5.8A: Enzymatic hydrolysis of in situ generated soft-drug (74, R=Et) by the enzymatic hydrolysis of
pro-soft-drug (107) [mobile phase is 4% MeCN in water].
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{11 ‘ [11]
Enzymatic hydrolysis of pro- Generation of in situ soft-drug (74, R=Et)
soft-drug (107) [mobile phasel by the enzymatic hydrolysis of pro-softdrug
is 30% MeCN in water] (107) [mobile phase is 4% MeCN in water]
Time (h) Conc. |y conc. Time (h) Conc. (UM)
(uM)
0.01667 48.486 3.881 0.200 13.015
0.18333 18.826 2.935 0.358 26.241
\Eﬁéém 7.8440 2.060 0.525 39.668
0.53333 3.7960 1.334 0.708 48.285
| 0.867 51.933
B 1100 57.103
‘r 1.333 59.949
“ 1.550 60.710
1.900 61.512
\E 2.417 60.550
2.983 57.464
\F 4.150 51.652

Table 5.9A: Enzymatic hydrolysis of ethyl N-[2‘-(3",4"—dipivaloyloxyphenyl)—2'-hydroxyethyl]-3-
aminopropionate HCI (107) with 6.29 U of PLCE at pH 7.4. Hydrolysis was monitored by
HPLC using 30% acetonitrile in water as mobile phase [[]. The same experiment was

repeated and monitored in 4% acetonitrile in water [II].

Time (h) Conc. (uM) In conc. Aamr
0.0000 61.512 4.119
0.5167 60.550 4.103
I 1.0833 57.464 4.051
\ 2.2500 51.652 3.945
15.650 15.019 2709

Table 5.10A: Enzymatic hydrolysis of in situ generated soft-drug (74, R=Et) by the enzymatic hydrolysis
of pro-soft-drug (107) [mobile phase is 4% MeCN in water].
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APPENDIX FOR CHAPTER SIX:

2 3
107)* at | GOH)" at in (107)" at pivaloate® | at 8 195 | of (107)=¢ | (EtOH)=
6 6

1 2 3 4 5 6 7 8
COOCHZ O'CHZ Pivalic ester POtﬁSSium CH3CN* ‘COOCH2 ‘OCHz of
Time (h)

§4.05(q | 8354(@ | 81.25(s) |atd 1.0068 (s)| (quinte

I o 0832 | 0.00 8.625 0.072 ] } i
010 | 1787 | 0000 15.643 0.144 2308 | 0774 0.000
085 | 0886 | 0048 7.833 0.060 1148 | 0772 0.042
1.85 177 0.115 15.629 0.190 2266 | 0781 0.051
385 | 084 0.068 7779 0.116 1097 | 0766 0.062
sgs | 1677 | 0.164 15.638 0222 2143 | 0783 0.077

\ ee0 | 3237 | 0392 | 31266 0.552 3379 | 0958 0.116
2208 | 3014 | 0681 38.185 1.948 3858 | 0.781 0.177

[ 2308 | 306 | 0729 38.601 1.975 4044 | 0757 0.180

[ 2508 | 398 1224 | 38842 2299 4412 | 0902 0.277
2798 | 3237 | 0849 37.806 2471 4.05 0.799 0.210

“'29.98 3473 | 1346 1837 2.598 4455 | 0780 0.302
3198 | 3.54 1334 38.589 2683 4511 | 0785 0.296
3398 | 3.29 1.021 37.701 2723 4026 | 0817 0.254
3598 | 3.3 1.428 18.127 3.158 4424 | 0753 0.323
3708 | 3344 | 1343 37.694 3341 4463 | 0749 0.301
2008 | 1651 | 0.745 18.897 1.747 2217 | 0745 0.336
4198 | 1669 | 0753 19216 1.755 2218 | 0752 0.339

‘ 4398 | 1437 | 0773 19.504 1752 2256 | 0637 0.343
4315 | 1111 | 0537 14781 1.493 1642 | 0677 0.327
4965 | 2253 | 1.187 29.189 3.048 3404 | 0662 0.349

| 7015 | 1904 | 1365 28.016 4.125 3396 | 0.561 0.402

| 3000 | ooso | o815 3.504 7.408 1110 | 00724 0.734

* Integration value in 1H-NMR spectrum

Table 6.1A: Calculation of % of ethyl N-[2'-(3",4“—dipivaloyloxyphcnyl)-2'-hydroxyethyl]—3—
aminopropionate (107) and hydrolysis products N-[2'-(3",4"—dipivaloyloxyphenyl)—2'-
hydroxye[hyl]-3-aminopropionic acid (120) and N-[2’—(3",4“~dihydr0xyphenyl)-2'-

hydroxyethyl]—3-aminoprop10nic acid (74, R=H) by integration in IH-NMR.
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9 10 11 12 13 14 15 16
pivaloy! ester | pivalic acid | Total OCHy (107) % (107)=| In (107) total pivaloyl (107+9120)
(107+120) | = (74, =7+8 _1 | 12x 100 ester= 9 + 10 =15

_4 R=H) =2 1
6 6

6.778 0.062 0.774 1.000 |1006.000| 4.605 6.840 0.991 ||‘|
6.823 0.052 0.814 0948 | 94.840 | 4.552 6.875 0.992 “
6.897 0.084 0.832 0939 | 93.870 | 4.542 6.981 0.988

ir 7.091 0.106 0.828 0925 | 92.512 | 4.527 7.197 0.985
7.297 0.104 0.860 0910 | 91.047 | 4.511 7.401 0.986

\F 9.253 0.163 1.074 0.892 | 89.199 | 4.491 9.416 0.983
9.898 0.505 0.958 0815 | 81.524 | 4.401 10.403 0.951
9.545 0.488 0.937 0.808 | 80.790 | 4.392 10.033 0.951
8.804 0.521 1.179 0.765 | 76.506 | 4.337 9.325 0.944 ‘
9.335 0.610 1.009 0792 | 79.187 | 4.372 9.945 0.939
8.613 0.583 1.082 0721 | 72.089 | 4.278 9.196 0.937 4“
8.554 0.595 1.081 0726 | 72.618 | 4.285 9.149 0.935
9.364 0.676 1.071 0763 | 76.284 | 4.334 10.040 0.933
8.618 0.714 1.076 0.700 | 69.981 | 4.248 9.332 0.923
8.446 0.749 1.050 0713 | 71.333 | 4.267 9.195 0919 |
8.524 0.788 1.081 0.689 | 68.918 | 4.233 9.312 0.915
8.664 0.791 1.091 0.689 | 68.928 | 4.233 9.455 0916 i\
8.645 0.777 0.980 0650 | 65.000 | 4.174 9.422 0918 |

lf 9.002 0.909 1.004 0674 | 67.430 | 4.211 9.911 0.908
8.575 0.895 1.011 0.655 | 65.480 | 4.182 9.470 0.905 ‘“

\7 8.250 1.215 0.963 0583 | 58.255 | 4.065 9.465 0.872

“ 3.155 6.671 0.807 0.090 | 8.975 | 2.194 9.826 0.321

Table 6.1B: Calculation of % of (107) and hydrolysis products

1H.NMR.
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18 19 20 21 2 |
% (107+120) | (74, R=H) | % (4. R=H)=| (120 + % (120 + % (120)
= 16 x 100 oo =19 18x100 | 74.R=H)= = | 74, R=H) =21-19
=20x 100
S e B
99.094 0.009 0.906 0.000 0.000 -0.906
99.244 0.008 0.756 0.052 5.160 4.403
98.797 0.012 1.203 0.061 6.130 4.927 |
| ossz 0.015 1.473 0.075 7.488 6.015
98.595 0.014 1.405 0.090 8.953 7.548
98.269 0.017 1.731 0.108 10.801 9.070
95.146 0.049 4.854 0.185 18.476 13.622 |
H 95.136 0.049 4.864 0.192 19.210 14.346
94.413 0.056 5.587 0.235 23.494 17.907 "
93.866 0.061 6.134 0.208 20813 14.679 |
93.660 0.063 6.340 0.279 27911 21,572 |
93.497 0.065 6.503 0.274 27.382 20.879
" 93.267 0.067 6.733 0237 23716 16.983
| 92340 0.077 7.651 0.300 30.019 22.367
| o1sse 0.081 8.146 0.287 28.667 20.521
91.538 0.085 8.462 0.311 31.082 22.620 ||
91.634 0.084 8.366 0.311 31.072 22.706
91.753 0.082 8.247 0.350 35.000 26.753 "
90.828 0.092 9.172 0.326 32.570 23.398
" 90.549 0.095 9.451 0.345 34.520 25.069 "
| 87163 0.128 12.837 0417 41.745 28.908
” 32.109 0.679 67.891 0.910 91.025 23.133 n

Table 6.1C: Calculation of % of (107) and hydrolysis products (120) and (74, R=H) by integration in

IH-NMR.
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1 2 3 4 5 6 7 8 9
Time | -CH-C00 | CHyC00 | o P T TN RV e
(min) (74, (74, 4 4 R=Et) = (74, (74,

R=E* | R=H)* 5%8 x100 | R=ED

0 08126 | 00576 | 03917 | 207455 | 14705 | 93.381 | 6619 | 4.537 1

66 | 07621 | 01248 | 04175 | 182539 | 29892 | 85.929 | 12071 | 4.454
141 | 07645 | 01664 | 04250 | 179.882 | 39.153 | 82.125 | 17.875 | 4.408
216 | 06820 | 02027 | 04142 | 164.655 | 48938 | 77.088 | 22912 | 4345

| 200 | o604 | 02347 | 04205 | 157051 | s5.815 | 73.779 | 26221 | 4301
366 | 05956 | 02957 | 04144 | 143726 | 71356 | 66.824 | 33.176 | 4.202
441 | 05811 | 03267 | 04264 | 136280 | 76618 | 64.012 | 35988 | 4.150
516 | 02798 | 0.848 | 02161 | 120477 | 85.516 | 60.224 | 39.776 | 4.008
591 | 04688 | 03718 | 03999 | 117229 | 92.973 | 55.770 | 44230 | 4021
1800 | 00000 | 57210 | 3.6670 - 156013 | 0.000 | 100.00 -

* Integration in !H-NMR spectrum

Table 6.ZA: Calculation of % of ethyl N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(74, R=Et) and hydrolysis product N-[2'-(3",4"-dihydroxyphenyl)-2'-hydroxyethyl]-3-
aminopropionic acid (74, R=H) by integration in IH-NMR.

APPENDIX FOR CHAPTER SEVEN:

Time (h) Mt (Lmol/cm?2)
cell-1 cell-2 cell-3 "
1 0.0420 0.0287 0.0161
2 0.0743 0.0783 0.0675
3 0.1410 0.1512 0.1249
4 0.2031 0.2308 0.1922
5 0.2790 0.2738 0.2413 u
e 0.3095 0.3421 0.3271 |
I 0.3566 | 0.3817 0.3445 |

Table 7.1A: Transport of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-aminopropionate
(107) through the silicone membrane in 10% propylene glycol in water at pH 6.5 in

recelving compartment.
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Time (h) Mt (umol/cm?2) "
cell-1 cell-2 cell-3 "
1 0.0377 0.0442 0.0291 "

2 0.1091 0.1222 0.1084
3 0.1877 0.2121 0.2038 I
4 0.2694 0.2952 0.3081 "

“ 5 0.3528 0.3814 0.3968
6 0.4372 0.4686 0.4845 |

7 0.5304 0.5478 0.5824

8 0.6172 0.6308 0.6678

Flux 0.083273 0.084404 0.092520

Table 7.2A: Transport of ethyl N-[2'-(3" ,4"-dipivaloyloxyphenyl)-2'-hydrox yethyl}-3-aminopropionate
(107) through the silicone membrane in 10% propylene glycol in water at pH 3.0 in
receiving compartment
[mean flux is 0.086732 + 0.005 umol/cmZ/h).

Time (h) Mt (umol/cm?2) "
pH 3.0 pH 5.0 pH 7.0 u
“ 1 0.0000 0.0000 0.0000
2 0.0361 0.0411 0.0491 |
" 3 0.0980 0.1111 0.1327 %’
4 0.1646 0.1829 | 0.2196
T 0.2470 0.2751 0.3272 I
“ 6 0.3108 0.3449 0.4067 I
7 0.3845 0.4338 0.5122
I s 0.4351 0.5147 0.6009
L Flux 0.068436 0.079579 0.092911

Table 7.3A: Cumulative transport data for ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-hydroxyethyl]-3-
aminopropionate (107) across the silicone membrane at different pH in the donor
compartment [flux in (umol/cmzlh)].
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[ Time (h) Mt (umol/cm?2) |
cell-1 cell-2 cell-3 |
E 0.0003 0.0005 0.0005 H
4 0.0013 0.0017 0.0015
5 0.0018 0.0032 0.0020 |
6 0.0027 0.0048 0.0033 "
H 7 0.0028 0.0059 0.0036
L s 0.0041 0.0077 0.0052 |
“ Flux 8.886 x 104 1.4343 x 10°3 6.971 x 104 "
(umol/cm?/h)
| K, (cm2m) 8.4227 x 10°5 13595 x 104 6.6076 x 105
lagtime () | 2.50 2.80 2.40

Table 7.4A: Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at buffered pH 3.0 in 10% propylene glycol in water
in the donor compartment.

Time (h) Mt (umol/cm2)
cell-1 cell-2 cell-3 " F
3 0.0010 0.0014 0.0013
u 4 0.0025 0.0030 0.0027 |
5 0.0054 0.0064 0.0061 ”
T 0.0100 0.0119 0.0109
7 0.0146 0.0180 0.0168 u
8 00177 0.0210 0.0185
Flux 4.230 x 103 3.9600 x 10-3 47600 x 10-3 "
(umol/cm2/h) 7
K, (cr2/h) 4.0095 x 10 37536 x 104 45118 x 104 |
lag time (h) 3.20 315 3.10 |

Table 7.5A: Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-

in the donor compartment.
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Time (h) Mt (umol/cm?) q]
cell-1 cell-2 cell-3
1 0.0117 ] i |
u 2 0.0207 0.0227 0.0217 "
3 0.0246 0.0260 0.0287
I 4 0.0312 0.0311 0.0316
'l 5 0.0364 0.0383 0.0402
6 0.0414 0.0433 0.0436
IE 0.0473 0.0474 0.0501 |
8 0.0528 0.0556 0.0538
Flux 5.3964 x 10-3 5.4893 x 103 5.4250 x 103
(umol/cm?2/h)
| K, (com2/h) 5.1151 x 104 5.2030 x 104 5.1420 x 104
| 1ag time (b) 1.60 1.80 2.0

Table 7.6A: Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at buffered pH 5.0 in 10% propylene glycol in water
in the donor compartment.

[ Time (h) Mt (pmol/cm?2) i
cell-1 cell-2 cell-3 \
” 3 0.0015 0.0014 0.0015 ‘
4 0.0035 0.0036 0.0043 ‘-
5 0.0085 0.0101 0.0096
6 0.0141 0.0178 0.0172
7 0.0211 0.0244 0.0263
E 00283 | 00317 | 00307 |
Flux 6.9500 x 10-3 7.0500 x 10-3 6.2200 x 103
(mol/cm?2/h)
K, (cm?/h) 6.5877 x 104 6.6825 x 104 5.8957 x 104
L lag time (v 3.15 320 3.20

Table 7.7A:  Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at buffered pH 6.0 in 10% propylene glycol in
water in the donor compartment.
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Time (h) Mt (umol/cm?)
cell-1 cell-2 cell-3 I
n 3 0.0033 0.0015 0.0017 I
4 0.0090 0.0062 0.0124 4,
5 0.0175 0.0174 0.0206
6 0.0261 00282 0.0293 |
R 0.0329 0.0375 0.0416 "
T 0.0420 0.0488 0.0507
“ Flux 9.7514 x 103 9.7486 x 10-3 7.8229 x 103 “
(umol/cm?/h)
K, (cm2/h) 9.2430 x 104 9.2404 x 104 7.4151 x 10-4
| lag time () 2.90 310 2.75 |
Table 7.8A: Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'-
hydroxyethyl]-3-aminopropionate (107) at buffered pH 7.0 in 10% propylene glycol in
water in the donor compartment.
Time (h) Mt (Lmol/cm?2) '
cell-1 cell-2 cell-3 %“
E 0.0015 0.0015 0.0013
I 4 0.0086 0.0072 0.0104
I 5 0.0205 0.0180 0.0223
H 6 0.0323 0.0274 0.0283
7 0.0439 0.0370 0.0423
8 0.0585 0.0487 0.0554
Flux 1.06340 x 102 1.15060 x 10-2 9.5657 x 103 |
(tmol/cm2/h) 7
Ky (cm2/h) 10080 x 10-3 1.0906 x 10-3 9.0670 x 104
lag time (h) 3.00 3.15 3.10
Table 7.9A: Silicone membrane transport data of ethyl N-[2'-(3",4"-dipivaloyloxyphenyl)-2'- i

hydroxyethyl]-3-aminopropionate (107) at buffered pH 8.0 in 10% propylene glycol in E
water in the donor compartment. |
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POSTERS PRESENTED:

1. Poster and oral presentation at The UK Association of Pharmaceutical Scientists
Conference in April, 1993 at Exeter University, Exeter, UK entitled
"SYNTHESIS AND PRELIMINARY STABILITY STUDIES OF SOFT-DRUGS AS
B-ADRENOCEPTOR AGONISTS FOR THE TREATMENT OF PSORIASIS".

Hardyal Singh Gill, Sally Freeman, William J. Irwin.

2. Poster presented at the 208" American Chemical Society National Meeting at
Washington D.C., August 21-25, 1994 in the Medicinal Chemistry Division, entitled
"SYNTHESIS AND STABILITY STUDIES OF SOFT-DRUGS AS f-
ADRENOCEPTOR AGONISTS FOR THE TREATMENT OF PSORIASIS". Hardyal
Singh Gill, Sally Freeman, William J. Irwin.

3. Poster presented at the 1315t British Pharmaceutical Conference at London, 16-19
September, 1994, entitled
"B-ADRENERGIC ACTIVITY OF SOFT DRUGS FOR THE TOPICAL
TREATMENT OF PSORIASIS". Hardyal Singh Gill, Keith. A. Wilson, Sally

Freeman, William J. Irwin.
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