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SUMMARY

The chemistry of some novel derivatives of Thietan—3-ones has been studied.
These thietanones have been prepared by the treatment of certain ketones
with thionyl chloride in the presence or absence of pyridine. The
stereochemistry of the thietanones was studied using nuclear magnetic
resonance spectroscopy. The intermediates found during the formation of
the thietancnes have been shown to be the g-ketosulfinyl chlorides or

the B-ketosulfenyl chloride depending on the nature of the ketone.

A certain new compounds, dithiolanone and thiolanone were synthesized
by the treatment of dibromoketones with sodium sulfide and by the
treatment of the g-ketosulfinyl chlorides with thionyl chloride
respectively. Cyclization of the g-ketosulfenyl chlorides and
g-ketosulfinyl chlorides was attempted using pyridine or triethylamine.

The nucleophilic reactions of the chlorothietanones have been studied
using pyrrolidine, morpholine, piperidine, methanol, benzylmercaptan
and hydrazine derivatives.

The hydrazine derivatives have been shown to attack both the C-2 and
C-3 carbon of the thietanone. The other nucleophiles used only attack
the C-2. When water is used as the nucleophile, carbon-sulfur cleavage
occurs. It was found that the case of the nucleophilic reactions_of the
chlorothietanone may be correlated with the basicities and the sp2
character of carbon -2. The reduction of the 2-chlorothietancne was
investigated using different reducing reagents.

Treatment of the thietanone with sulfuryl chloride was shown not only
to chlorinate the former but also to cleave the carbon-sulfur bond of
the thietanone.

Treatment of the benzylidenethietanone with thionyl chloride did not
give a dichloro-adduct as previously reported. In fact the product
was found to be a- chloro-g-chloro echlorosulfenyl thietanone.

The mechanism of the reactions has been studied and discussed using both
chemical and spectroscopic evidence.
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CHAPTER ONE
INTRODUCTION

1 - a: The reactions of thionyl chloride with acids, alcohols,

ketones and unsaturated campounds.

The reactions of thionyl chloride with organic campounds have long been
recognised and large numbers have been reported in the literature.

The most important reaction of thionyl chloride is the replacement of a
hydroxyl group by chlorine in alcohols and carboxylic acids.

R-OH+SOC12——'—> RCl 4+ SO, + HC1

2
The replacement of hydroxyl groups may occur by three different paths.

It may proceed with retention of configuation by a chlorine atam

entering the site previously occupied by the hydroxyl group.

Replacement may occur with partial or camplete inversion of

configuration or molecular rearrangement may take place. Bartletts group i
has shown that the reaction proceeds via a sul fite intermediate,

which affords chloroswlfinate when attacked by chloride ions.

2ROH + SOC1 =8 (ko) ,80 ——> 2ROS0CL

2
SOC12

In the absence of added base the chlorosul finate slowly dissociates

into an ion pair and the halogen attacks the carbecation formed by

a SNi Irechanism(z).
0 ®©
[ + 0
LI \S
RO-§-Cl— R =O—)RC1+802
Cl/

However, the intermediate carbocation itself rearranges to give the

tertiary chloride 3) s



SN - oH - —y o G, W
3 OH 3 osocl
\i/
= [=]
S L : S g
0socl C -0 - CH -CH - CH, O socl
& 2 3 e 3
CH; cH,
c1
c:{3\l
- R T R
CH

Aliphatic and aramatic carboxylic acids react with thionyl chloride
in an analogous way to alcohols. The reactions of carboxylic acids
with thionyl chloride have been studied by Beg and Singh (4’ -

They suggested the rate of the reaction increases with an increase in
the dielectric constant of the medium, the reactivity of the acid
decreases with increased electronegativity of groups adjacent to the
acylprotons, and the reactivity of the acid decreases even more with

increased steric bulk of the acid.

0 a1 0 H Gl
Il 1 | Ye
R-C-0H + §=0 —3 R~C 50 - 8 —0
+
I
c1 L (o
0
I
R-C. - Cl + HC1 +SOZ-'F- S—O0H + p¢ =-C1
X | I
v c1 0

Gerrard and Thrush{e} have suggested another reaction pathway.

0 0 cl
[l . 1 (\
R-C—OH =+ >s= Oty - CLO%'S =a 0 Wbl
c1 g
RC -Cl + 50
f 2



Mandelic acid afforded the chlorosulfite as an intermediate,

which then decamposed to benzaldehyde(7) .

0
socl, N
CGHS-(,:H - OO —tiy CGHs—-?‘H-————OSOCl — CgHy - C - H
-S0
OH cocl 2

Carre and Liberma:mta) showed the formation of a-chloro-a-phenylacetic

acid chloride and benzylidene dichloride when mandelic acid was treated
with thionyl chloride.

socl, /OSOCl
CH. - CH - COOH —> C.H. - CH
65 65 %
o cocl
Cl 0
| ¥
CH -CH -~ C-Cl + CcH.CH CL,

Simon et al.(g),Oka and Hara(lO} have remorted a reaction in which carboxylic acid

containing activated protons i the a-position to the carbonyl group

give a a-chloro-o-sulfenyl chloride on treatment with thionyl chloride.

OCH, :
OCH (oF]
/J\ ” &> C cocl
=~ 5
< (j)/ socl A [ \SCL
CHy 2 5ON =l
OCH,
scl C.H
socl, | i 65
Ph, - CH - CH, - COH Ph.CH - C—COCl +
2 2 _ 2 [ I/ ”/\\\
cocl Cl %/\s/ Cog,

- Ph2C =C-Cl

3



The carboxylic acid 1 with thionyl chloride gave a benzo(b)thiophene 2_ (11,12)

c1
soCL, \ socl, AR
PhCH,CH,CO0OH ——> PhCH, - /c - COCL s I 5 L N
S oY
sc1
1 2

The reaction of the monosubstituted acetic acid 3 with thionyl chloride

in the presence of a tertiary amine produced the a-chloro-a-sulfenyl
chloridal (13-15). The ketone 5 with thionyl chloride also gave an

a-chloro-a-sul fenyl chloride 6.

(]:l
R—CH2—C02H R- C - (CoCl
3 SCl
et L
R R ;
e [
e P = 8
” (Saber s ’ I\SC;
\/\/ 30C12 \\/\/
5

The reaction between thionyl chloride and ketones gives a variety of

products depending both on the structure of the ketone and on the

(16) formulated two basic rules |

reaction conditions. Pizey anc Sym=onides

explaining the reactions.

I : The reactivity of a—-protons followed the sequence tertiary >
secondary >primary.

IT The extent of reactivity of a-protons towards thionyl chloride:

a-protons of aliphatic acyclic ketones react with thionyl chloride
provided two alpha tertiary groups are not formed as a result
of the reaction, rule 2 does not apply to ketones containing

a phenyl group in the alpha-position i.e. aryl ketones.

-



The ketones are classified according to the mumber of a, o protons
Present in the molecule.

A : The presence of one proton in the g-position in a ketone 7
= (16 :
produces the a-sul finyl chloride 8 ; .

Me

_Me I
CGHS—q - CH = SCClz :I‘_'I‘CT) CGHE_—C R g i
N LG I |

0 0 Me

7 8

s
B : The presence of two protons, one o and one o ; in a ketone gives

a sulfinylchloride e.g. di-isopropyl ketone with thionyl chloride gave

the sulfinyl chloride 9

o @4
(@] h
ma\ 1 S socl, CHa\ i |
CH =C=cx e s CH - = Qo s0cl
5 5 o ‘
<, CH, CH, g
aol Gy <]
CH = 9
3 c 9
St \c/
e LV
. & T ,
3
10

but di-isopropyl ketone on treatment with thionyl chloride even in

the presence of pyridine and on heating did not give the
tetramethylthietan—-3-one 1O.

C : The presence of two protons in the-a-position in a ketone has not
been investigated, but it has been anticipated that the a-chloro—g-
chlorosulfenyl  would form, simij|arjy to carboxylic acids containing the
e-methylene group.

D : The presence of three protons in the a-position in a ketone

gives a variety of products. Acetophenone - has been reported to give



an a-keto-acid chloride 11 on treatment with thionyl chloride at
47

SOCL

2
C6H5 e B CH3 e CGHS - CO—-COCl

30

The reaction of acetophenone derivatives with thimyl chloride has been
studied by Pizey and Symeonides (lB)and Voss and szther(lg). Voss and
Gunther (%) have proposed the structure of 12.

o

o socl, = ‘]31
Ar - C —CI-13 _— Ar-—ﬁ-c —SZ—CH—C-Ar
| I
(0] Gl @
OCH, 22
. T
o N2
Ar=“ ‘
T

Oka and Ha:ca(zé) studied the reaction of acetophenone with thionyl chloride.

Thus acetophenone with thionyl chloride in the presence of pyridine gave
a mixture of 13 and 14.

The a-chloro-a-sulfenyl chloride 13 can be easily dehydrochlorinated to
thicacyl chlorides 14.

0 0 o1 0O s
[ socl sl I
CsHS—-C-CH:a——-—-Z% CH ~C-C=R “gcp ~c-croel
pyridine f -
SC1
13 14

E The presence of three protons, two a and one o, €.g.benzyl isopropyl

ketone produces a thietanone 16.



) 0 M
" S0Cl, T [
CGHS-C}Iz-C—C}I\ ——=5GH.CH, - C -(l: -~ 5001
He Me
15
0 socl
. I 2
65 c
N TN A é
o
L Sl
c1 = :
16

The intermediate of this reaction is a sulfinyl chloridel5which then

cyclizes to the chlorothietanonelé. 2-Methyl-5-phenylpentan-3-one with

three protons, two in a position and one in o position gave thietancne 17

@]
Il
S s
2 3
g \@13 | \ / S
CzH
65

7

P The presence of four protons, three a and one o ,eg. ketonel8

gives the chlorothietancne 19 (2‘1)

0]
IJ
CH H CH
F0n Tl \ B
CI-ITE—CH =+ SOCl2 _ /C C
(@] \(1-13 el \S / \CI-I3
= 19

We studied the reaction of diethyl ketone with thionyl chiloride.
Diethyl ketone on treatment with thionyl chloride gave the

a~chloro-a—-sulfenyl chloride20.



The o-chloro-a-sulfenyl chloride 20in the presence of pyridine and on

heating gave the dichlorothietanone 21.

c1
l
@13cz12-ﬁ-m2-a-:3+soc12 — C[-I3—CI-I2-?‘.'-—T1 = G,
0 9 sc1
0
I 20

CH, c cH,
S P
c c

i
e N
Cl CL
21
s
G : Ketones possessing two a-protons and three o protons on

treatment with thionyl chloride at roam temperature give the
a-chloro-o-sulfenyl chloride 22. The a-chloro-a-sulfenyl -chloride 22
with excess of thionyl chloride and a small amount of pyridine gave the

chlorothietanone 23 .

?c1
C[-Ié—tl’.;-CE-IzR+SOC12 pi -3 cHBICI-?:——R
o) 0 SCl
22
R = CH, R = Me,CH
R = Et 0
1
scl /c\
| L H R
dine B L
CH—C- C - R +socl, EYEicine, C ¢
BTN 2  -HQ e L R 5
o ™ H S C
23

2
Krubsack and Higa (2")prepared a number of. thietan-3-ones 23 from the reactior
of 4-substituted butan-2-ones with thionyl chloride. IfR in 23 has

a proton, it will lose hydrogen chloride to form 24 .



R
/
o) 0 R=CH 2
K éll op
H C R H
Al e S 5
/C c HCT /c C = CrR'R
5 \S/ N0 § H \S/
23 24

This reaction was studied (18,20 ) with the following Rl and R2 groups
e SO
RM=R = CH3
3 &
Rl = Ph R2 = Ph
1 2

RP=H R =Ph

Krubsack et al.{23)attenpted to study the mechanism of the reaction,
by treating the ketone 25 with thionyl chloride

0
o o3 S A
I soc1 Ll i
AXCH, - CH, - C - G, —> AICHz-Cl -C-CHy — Arcw = a,
Ax = 3-0N CH, Ar=3-FCH, Ar=d4- ONCH,

H : The presence of 6 protons, three a and three ¢ , in a ketone givestzq)
caomplex polymeric products, possibly due to the availability of six
protons all equally active. Finally the cyclic ketone —2,6-dimethyl

cyclohexanone with thionyl chloride gave (8) the disulfinyl chloride 27.



(18)

Pizey and Symeonides isolated the monosulfinyl chloride 26.

The monosulfinyl chloride 26 with excess of thionyl chloride gave

the disulfinyl chloride 27. 0 -
I I

Cl—-S O S—Cl
H H H

oLt

26 27

Addition of thionyl chloride to unsaturated campounds gives a variety
of products, depending upon the structure of the alkene and the

conditions employed. A number of enol ethers have been reported to

produce g-chloro sulfoxides 28 (25)
SOCl
ZHC—CH —-—-—)RO CH - mz—ﬁ—cniz—cm-cm
I |
OR er 0 Cl

28

Patai and Patchomﬂ((26’2?) have studied the reaction of -1,l-diarylethylenes

with thionyl chloride. The 1,1-diarylethylene 29 with thionyl chloride

gives the 1,l-diarylvinyl chloride 30.

Ar2C=C‘.I-12 +SOC12—-——9 Ar.C = CHCl

2

2]
o

30

10



Treatment of maleic anhydride with thionyl chloride in the presence

of pyridine gave dichloramaleic anhydride (28 )
Cl Cl
CSHSN \-—-——-/
' I L -, Ty e L
\
O/\O /\O O/ 0 Ny

Gladshtein et _al.(zg)have studied the reaction of 1,l-dichlorothylene

with thionyl chloride.

CCl
g <
CH2 = CCl2 + SOC12 —5—-? CClj—CHf-SOCl

l-Db : Preparation and stereochemistry of the sulfinyl chlorides

Sulfinyl chlorides have been prepared by a number of different

(30-34) (30)

methods Barnard has prepared benzenesulfinyl chloride

‘fram the reaction of benzene with thionyl chloride.

C6H6 # SOC.'J.2 B C6H5 SOCl

Primary and secondary alkylsulfur trichlorides (RSCl,) were treated

3)

under controlled conditions with water to yield alkanesul finyl chlorides (34) :

The sulfonyl chlorides 3] with thionyl chloride gave sulfinyl
chlorides 32

SOCl2

R SO,C1 = RS

31 32

—_— 7

11



Treatment of 1,l-dichlorodimethyl sulfoxide 33 with chlorine

gave sulfinyl chloride 34 32

CH,Cl

Cl.CH - SOCH, —>25 CH.SOCI 75% + CH.SO.Cl 1%
2 3 3 350,
cl,
ES 3

Steeter et al .(33)prepare:1 adamantane-l-sulfinvl chloride from the reaction of

adamantane with thionyl chloride.

e socl,
\

IR7 el =

King and Beatson (4]

reported that l-chloroethanesulfinyl chloride

at roam temperature shows a nuclear magnetic resonance spectrum
typical of a mixture of two diastereoisamers, due to the presence of
two asymmetric centres. This was the first evidence of optical stability

for the sulfinyl chloride group.
Soc1

Me - CH - SOH £ Me - CH - SOCL
cl Cl
Canalini et al$35) have studied the nuclear magnetic resonance of
the sulfinyl chlorides35.
RCX2 - S0CY I x= C‘H3 R = H
35 I¥ x=§ R = CHB
IIT x=8H R = C6H5

They have found non-equivalence of the CHB’ H group in isopropane I

and ethane ITI sul finyl chlorides.

12



The property of non-equivalence is solvent and temperature dependent.

The isopropyl-g-ketosulfinyl chlorides 37 were prepared in high yields

by treating the isopropyl ketores. 36with thionyl chloride under mild

conditions (36).
o Fd
R O Me R 6] Me
[ | bt
R =0 C ~H+ S0, ssesdy R ~"CC 0 - 80CL
| | -HC1 I !
H Me H Me
36 3
R = CHS R =CH3
7
R = H R =H
”
R CGHS R =H
R = CI-I3 R =H

The formation of the isopropyl-g-ketosulfinyl chlorides 37 appears to
depend on the presence of the keto group or enol function. Thus
isobutyronitrile and isopropyl acetate do not react with thionyl chloride
under similar mild conditions. This suggests that the reaction proceeds
via an enolic structure rather than via a carbanion type intermediate.

(37)

The S-O stretching frequencies are known to differ in different

compounds. The sul foxide absorption of sulfinyl
(36, 38)

(VSO) in infrared
to be a strong band at 1150 3 5an

The nuclear magnetic resonance spectra (NMR) of isopropyl-pg-ketosulfinyl

spectra has been reported *

chlorides 37 has been studied using variable temperature techniques

and various solvents (39) .

The nuclear magnetic resonance (NMR) spectra
studied showed that the relative chemical shifts of both the possible

diastereotopic R and Me groups are temperature and solvent dependent and
hence are due not only to the intrinsic diastereomerism of the group but

also to conformational preferenc:es(39} .

13



R-C -C-C =-S0Cl
l ]
H Me

R = H

R = o

The reaction of the sulfinyl chlorides with amines was studied by

Sheppard and DieanaIm(4O),G1pta and Pizey[.‘m. Treatment of the sulfinyl

chloride 38 with triethyl amine gave 39.
(0]
f it
R-CH -85 ~-Cl +Et3N-——-—-€- Cc = 8 =0
. A

38 39

The sulfinamides were obtained from the reaction of sul finyl. chlorides
with amines. The aliphatic, cyclo-aliphatic and aromatic ketones
containing an a-isopropyl moiety could readily be converted to the -
sul finyl chloride on treatment with thionyl chloride and then the

sul finyl chloride gave the B - ketosul finamide on treatment with

. e(4l).

l - ¢ : The chemistry of thietan-3-ones

Since 1961, there have been unsuccessful attempts to synthesize
thietan-3-one and derivatives of thigtan-3-one in good yields. The
reason for the difficult synthesis may be due to the high ring strain
associated with these campounds. Claeson et al-{423h0wever,has reported
the synthesis of-2,2,4,4-tetramethylthietan-3-one He found the
reaction of a, a - dibramodi’ - isopropyl ketone with sodium hydrosulfide
gave—2,2,4,4-tetramethylthietan-3-one not the a-mercaptoketone as
al42)

expecte
14



0
I

cH cH _ C
O e SN
Gy =C-C-C-CH, + NasH— e
P b
Br 0 Br H /S g 8

10

This method is not reported to be a general method for the synthesis
of derivatives of thietan-3-one. Using this method he was not able
to synthesize other derivatives of thietan—:i-one(d'm- For example, when
dichlorolevulinic acid 40 was treated with sodium hydrosulfide the

dithiol 41 was obtained 3

NaSH
G, - C- - G, = C - G - Q0008
! P 1" —oNaca . '
cl Cl  oooH SH SH

40 1

The treatment of dichlorolevulinic acid 40 with sodium sulfide gave the

thietanone 42 in low yield.

0
I
H c
Na,S NN
CH, - CO - CH - CH,COOH ——— C CH - CH,COCH
2 2 7
l r W N
€l ) S
40 42

Luhmann et al. (44)have reported the synthesis of the thietanone 44 in low

vield from the reaction of the a, o dibramoketone 43 with sodium sulfide

0
I
CH,
[ H\ / X /CH
s o B HRELS
£ty T o /\ 7" s
0
Br Br T
43 44
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2, 4-dimethyl- 2, 2, 4-trimethyl- and-2,2, 4,4-tetramethylthietan-3-one
have been synthesized in low yield fram the reaction of the o, e¢-dibromo

5, 45} JFohlisch and Czaudenla(%]

ketones (45,46, 47) with sodium hydrosulfide
found the unsubstituted thietan-3one and its—2-methyl derivative could

not be obtained fram the corresponding dibromo-ketones.

cH B 5 9
5N | | CH C CH
/c-c-$~H+NaSH—-—-—> Sx. Al 2R
c c
H Br
H B
45
o C’?a X
g CH CH
Gly-C=C = C = B +Nasn—y 3\0/ \C/ 3
Br Br CHB/ \S/ \H
46
o
C'Hsﬁ ?*3 CH, c cH,
Gy -C -C - C -Gl +NaSH—) \c/\c/
Br Br /\ /\
ca, 2 i,
47
10

The reaction of the o, d-dibramoketone 48 with sodium hydrosulfide can
proceed by three different routes a, b, and ¢ depending on the structure

of the ketone.

16



R R R 0 R
=) 3 | , NasH y | ¥ |
R= € = € = € =UR —a—>- R =€ = € = € = Br
| [ [ |
BY Br SH J R4
43
e R2 _ R3
fai gt Sy 4
_ Rl-C— C—('.'--R“'1 4 C 1
b [ ! + \ /\/
SH SH
/\ /\
R R
3
R® » R R2 R R 3
Vo -1} ] O | I I '
R-C-C-C- R—-—-—-)R-C—C-C—E -Cc-C- }
: | NasH ' | S IC C C SH
Br Br SH R RZO R4

Irradiation of the 1:3-dithiacyclohexan-5-one in acetonitrile produced

thietan-3-one in 21% yield(”) .

2
-0 A
)

(18, 36)

Pizey and Symeonides were able to isolate same derivatives of

2-chlorothietan-3-one from the reaction of certain ketones with thionyl
chloride . Ketones containing three protons,one in a o and two ing position
usually give 2-chlorcthietan-3-cne . The minimum number of a, o -protons
for the formation of thietanone must be three protons for example

benzyl isopropyl ketone with thionyl chloride gave the 2-chlorothietan-

3-one _J_L_g.
17



0

C.H c
g 5 CH,
CHGCH - C - CH + socL, ——> \c/ \c/
N
& b WAL \CH3

16

The electrophilic reaction of the thietan-3-one 49 with benzaldehyde

yielded the thietan-3-one 50 45) .

0 0
11 I
s e
N\ /H NaQH i
PhCH = C c + PhCHO ———> PhCH= C C = Cih
T
S S
49 50

Nucleophilic reactions of thietan-3-ones have been investigated by
Seitz and Hofﬁr\ann(49)and Fchlisch and ("-ottste:i_n(so) . Seitz and Hoffmann(ég)
studied the reaction of the thietan-3-cne with hvdrazine hydrate and concluded

that 51 is produced by the attack of hydrazine on the carbonyl group (C-3) of
the thietan-3-one.

H H H H
. A b #

H e & &
¥ 2K AN
Scheme a 2 CH2+ NH2N1-12,H20 — 8 C= N-N=C S
Vi ol e Nl
H S C\ e :
H/ H H/\H

5]
(50)

Fohlisch ad Gottstein found that the four-membered ring of 52 is cleaved

by using triphenylphosphine in methanol and gives 53.

0O

- . -

H o R
\
Scheme b \c/ c< FERE RN S \&6
AT Rab” ><n’

2 18



S ——
] Rl ~R3PO CHi,S =0
Rgh el /S .

Scheme a and b described above may be rationalized in terms of
nucleophilic attack of the hydrazine on the carbonyl (scheme a) and of
the triphenylphosphine on the sulfur of the thietan-3-one (scheme b).

This behaviour conforms with the hard and soft acid and base rule.

Treatment of the 2-chlorothietan-3-one 16 with sodium hydroxide gave the
unsaturated carboxylic acid 54 o)

0
I} T
C._H c CH HOOC cH
S PR B 3 o 1
/c /c\ + NaOH —> (ol
Mo N\ 7 i
o & S CH Cets \CH
3 3
0
16 I 54
—_— C s
Mo AN/
e e
2R s
s

The nucleophiles can attack carbon-2 or carbon-3 of the 2-chlorothietan-3-
one 16. Sodium hydroxide is a hard base and therefore prefers to attack
a hard acid (acceptor) according to Pearsontsz" 23 - Pearson(53} has
shown that donor atams with high electronegativity, small size, low
polarizability and low oxidizability are hard bases. 1In contrast hard
acids are those molecules which lack unshared electron pairs in their

shell, have a small size and possess a high positive charge. The

19



mechanism of the reaction of sodium hydroxide with 2-chlorothietan-3-one |§

is believed to follow the pathway suggested by Conia and'RipOll(Smfor the
reaction of 2-bramocyclobutan-l-one with hard bases.
0
(4 e CH CoaH CH C_H CH
S 2 AT R o 0y Pl S e N o
C & R /C i e ¢ =
N e e N / =
Cﬁh5 S CH3 65 . ‘C&-I3 HOOC CH3
' 16 54

The ring planarity of cyclobutane, cyclobutanone, oxetane, oxetan-3-one,
thietane and thietan-3-one has been investigated(sshs?’)- Far infrared

and microwave spectroscopy were used to determine the structure of
thietan-3-one. The effect of carbonyl substitution on the ring planarity

and ring-puckering vibration has been analyzed by Meinzer et al .(sé)who found
that when a carbonyl group was present in a four membered ring planarity
increased - This effect was rationalized in terms of strain energy for

the planar conformation in which torsional repulsion and torsional
interaction energy are at a minimum. Hence oxetan-3-one and thietan-

3-one are more planar than oxetane and thietane.

The chemistry of four membered rings is almost unknown. The behaviour
and the reactions of this class of compounds seem to be different fram

camparable linear molecules.

The object of this work was to study the chemistry of some novel
derivatives of 2-chlorothietan-3-one. 2-Chlorothietan-3-ones have
three reactive centres and so are useful intermediates for the
preparation of a large number of new compounds which are difficult to
synthesize by other methods. The reactions of derivatives of

2-chlorothietan-3-one with different nucleophiles have been studied.

20



The chlorination and reduction of the 2-chlorothietan-3-ones was also
investigated. The structuresof products were identified using infrared,
nuclear magnetic resonance,mass spectroscopy and elemental analysis
methods. The mechanisms of these reactions were studied by a variety

of methods including nuclear magnetic resonance, electron spin resonance
(esr) and chemical reactivity. The stereochemistry and planarity

of these campounds was interpreted using nuclear magnetic resonance

spectral techniques.
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CHAPTER TWO

SYNTHETIC EXPERIMENTAL

INTRODUCTION

This chapter deals with the experimental details of the preparative
and synthetic chemistry, and includes the preparation of the ketones,
dibromoketones, sulfinyl chlorides, sulfenyl chlorides, chloro-

thietanones, thiolanone, dithiolanones and aminothietanones.

The nuclear magnetic resonance spectra were run using 30, 60 or 90 MHz
spectrometers, and tetramethylsilane (TMS) was always employed
internally as the standard. The infrared spectrawere recorded on a
Perkin Elmer 237 spectrometer. Mass spectra were obtained using an
AETI M59 mass spectrometer. Unless otherwise stated, general purpose
reagents and solvents were employed. Uncorrected melting and boiling

points have been recorded.

2 - Preparation and reactions of nitrile, ketones and dibromoketones

2 - a: Preparation of isobutyronitrile.

Iscbutyronitrile was - prepared from the reaction of 2-chlorcbutane

with sodium cyanide in dimethyl sulfoxidews) .

Dimethyl sulfoxide was dried over a molecular sieve before use.

Sodium cyanide was kept in an oven for two nights at 60-70°.
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Sodium cyanide (60g)in dimethyl sulfoxide (300 ml) was heated to 90°.
2-Chlorcbutane (92 ml, 1 mole) was slowly added to the solution of
sodium cyanide in dimethyl sulfoxide . The reaction mixture was
refluxed for three hours in an oil bath. The flask was then cooled,
the reaction mixture was poured into water and the product was
extracted using diethyl ether. The ethereal phase was washed several
times with saturated sodium chloride solution, dried over calcium
chloride, and the product was distilled after the diethyl ether was

evaporated off to give isobutyronitrile.

b.p. = 40 - 42°/25 mmy/Hg
(Lit. b.p. = 125 - 126°)%°/760m/MHg  vield = 698.

IR (thin film)

2980(3) 2940(m) 2880(i) 2240(s) C =N
1460(s) 1380(m 1330(wW) 1090 (W)

=
1010(w) 965(m) am

MR (CCl,) 60 MHZ

8 multiplicity groups integrals
0.7-2:0 multiplet two methyl 8 protons
and methylene
2.3-3.2 maltiplet methine 1 proton

23



2 - b: Preparation of the Ketones.

2 -b-1: Benzyl isopropyl ketone,

The ketone (benzyl isopropyl ketone) was prepared by a method of

Hauser and F!Er"lfrov&b&}.n\folvmg the reaction between a Grignard reagent

(1 mole) and iscbutyronitrile (1 mole).

A solution of benzyl chloride (1 mole) in anhydrous diethyl ether

was slowly added to a mixture of magnesium metal (1.2 mole) in dry
ether (60 ml). When the reaction had ceased iscbutyronitrile (1 mole)
was added slowly to the reaction mixture, and the resulting mixture

was kept overnight at room temperature. It was then hydrolysed with
excess 10N sulfuric acid. The mixture was then steam distilled.

The organic layer was extracted by diethylether. The ether solution was
dried with anhydrous sodium sulfate and the ether was removed using a rotary
evaporator. The weight of the product was 120g. The product was then
distilled under reduced pressure b.p. = 54°/0.05 mu/Hg yield = 75%.

Lit b.p. = 220 - 221°/760myHg. 67 -

I.R. (thin film)

3075 (w) 3040 (m) 2980 (w) 2980 (s) 2940 (w)

1710 (sXCO) 16o0o(w) 1495 (m) 1455 (m) 1380 (w)

1040(s)  730(s)  690(s) am -
NMR (in CCl 4)
§ | multiplicity integrals groups
0.9 doublet 6 protons methyl
2.4 septet 1 proton methine
3.5 singlet 2 protons methylene
P2 singlet 5 protons phenyl

24



2 -b - 2: 3-Methvl-l-phenylpentan-2-one .

The reaction was carried out in a similar way to that described in

2-b-1. b.p. =76 - 7°/0.08mMHg. Lit b.p. = 87 - 88°/3myHg. ‘8
I.R. (thin f£ilm)
3500(w)  3060(s)  3040(m) 2970 (s)
2930(m) 2880 (m) 1710(s) (C=0) 1600 (w)
1500 (s) 1450(s)  1380(m) 1200 (m)
- 6 7
1050 (s) 750(m) am 2 CH2C1-13
/
i e W
y 20 -% 3
5
NMR of 3-methyl-l-phenylPentan-2-one in CCl 4 and 90 MHz
S groups multiplicity integrals
0.814 ‘methyl (7) triplet 3 protons
1.018-1.095 | methyl (5) doublet 3 protons
1.450 methylene (6) multiplet 2 protons
2.548 methine (4) multiplet 1 proton
3k methylene (2) singlet 2 protons
7.200 phenyl multiplet 5 protons

Figures 1, 2 and 3 show the lH and 13

spectrum of 3-methyl-l-phenylpentan-2-one from a Jeol FX-90 instrument.

25
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2 - b - 3: 2-Methyl-5-phenylpentan —3-one.

2-vethyl-5-phenylpentan —3-one was prepared by a similar method to that

used for benzyl isopropyl ketone (2-b-1). B.P. = 127/0.lmm/Hg.

An infrared spectrum showed a carbonyl group at 1710cms T,
NMR (in CCl 4 ) 30 MHz
8 groups multiplicity integrals
12 Phenyl.cgl-l5 Singlet 5 protons
2.7 Methylene.C Hy CH,CHs | Singlet (b) 4 protons
1-0.8 Methyl Doublet 6 protons
2e7 = 1.6 Methine Septet 1 proton

2 = ¢: Preparation of the dibromoketones,

2 - ¢ - 1: 1,3-Dibramo—-3-methylbutan-2-one -

Bromine (254g, 1.55 mole) was slowly added to isopropyl methyl ketone
(69g, 0.8 mole) in carbon tetrachloride (300 ml) at room temperature.
The mixture was stirred overnight. Hydrcbromic acid was removed by
blowing a stream of nitrogen through the reaction mixture. Carbon

tetrachloride was then evaporated andthe resultant liquid was distilled

to give 1,3-dibramo-3-methylbutan-2-one. b.P. = 86 - 880/12rrm/Hg.

(=]
Lit.b.p. = 99/18&m, Hg'®®

©
Lit.b.p. = 115/15mn,Hg "

Yield = 70%
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calculated for CSHSBrZO

C: 24.59 H: 3.2

found
C: 24.3 H= 3.2%
IR (Thin f£ilm)
2980 - 2920 (mi) 1720 (s)(C=0) 1450 (m) 1370(s)
1270(¢) am -
NMR (in CCl4) 60 MHZ
8 group miltiplicity integrals
149 Methyl Singlet 6 protons
4.4 Methylene Singlet 2 protons

Rl Rt l'B"Dibrmo‘3'“‘Ethyl-l—phenylbutan—2—one(71-?3).

Bromine (64g, 0.400 mole) was slowly added to benzyl isopropyl ketone
(33.4g, 0.201 mole) in carbon tetrachloride (100 ml) at room
temperature. The mixture was stirred for three hours. Hydrobramic
acid was removed using nitrogen gas. The carbon tetrachloride was
then evaporated off and the resulting solid was re—crystallizd from

methanol, to give 1,3-dibromo-3-methyl-l-phenylbutan-2-cne.



m.p. = 53 - 55°  vyield = 85%

calculated for C..H, .Br.O

=2
@Al 25 He 3275
found
C: 41,50 H: 3.30 %

The mass spectrum showed a molecular ion peak at 320 mass units

(table 1 ) -

IR. (KBr disc)

3080 (w) 3020 (s) 3000 (w)
2920 (w) 1710(s)C=0 1580 (w)
1450 (s) 1430 (w) 1370(s)
1200 (m) 1170 (m) 1100 (s)
1000 (m) 700(s) cm -

NMR (CCl,) 60 MHZ

2980 (w)
1495 (m)
1300 (m)

1050 (s)

8 groups multiplicity integrals
1.8> Methyl Singlet 3 protons
2.05 Methyl Singlet 3 protons

6.10 Methine Singlet 1 proton

7.40 Phenyl Singlet 5 protons
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(Table 1)

Mass spectrum: 1,3-dibramo-3-methyl-l-pheny lbutan-2-one.

o|3

Fragments Relative intensity

318,320,322 CGHSICH—C—(!:—CH LS 2L

Br Br

239,241 C

170,171 CGHS_CH 4 &

149,150 kel il 5

91 C6H5—CI-I- :

2~- 4 : Purification of thionyl c:hloride(?é)

Triphenyl phosphite (80 ml) was slowly' added to thionyl chloride
(500 ml) and the mixture was distilled using a fractionating column.
The main fraction distilled between 75° and 76° at room pressure, yield=

82%.
IR (thin film)

1343 (w) 1232(8) am *
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2 -e; '- Reactions of  ketones with thionyl chloride .

2 - e~ 1: Isopropyl methyl ketone.

Thionyl chloride (22 ml, 0.3 mole) was added dropwise to isopropyl methyl
ketone (8.6g, 0.1 mole). The reaction mixture was stirred for

eighteen hours at room temperature. Excess thionyl chloride was removed
using a rotary evaporator.

The product was distilled to give 3-chlorosulfinyil-3-methylbutan-2-one

° 0 (21)
b.p. = 56-58/0.15mm/Hg yield = 80%, Lit. b.p. = 80/3.5mm/Hg 5

IR (thin film)

2980 (w) 2930(w) 1700 (s ) (c=0) 1463 (m) 1420 (m)

1390 (mi) 1365(s) 1250 () 1155(s)S=0 1110(s)
1015 (w) 965 (m) cmn
NMR (0(214) 30 MHz
8 multiplicity groups integrals
2.3 Singlet Methyl 3 protons
L5 Singlet Methyl 6 protons

The mass spectrum of 3-chlorosulfiny)-3-methylbutan —2-one did not
give a molecular ion peak at 168 but showed peaks at n;ezm, 218, 181 1833

91, 85. (Table 2).
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(Table 2)

Mass spectrum of 3-chlorosulfinyl-3-methylbutan-2-one.

m/e Fragments
ICHB
216, 218 &ia—ﬁ—ciz—s—s—s—u
(0] CI-I3
C]Hs
216, 218 C&-I3~ﬁ—c-8025-Cl
|
0 CH3
CH
| 3+
181 CH.,~C~C-S
3 1 } 3
O CH,
ﬁHa
+
149 CH.-C-C-S
O CH,
91 C=8
|
i
/CH3
85 CIHB(EF—C +\
0
CHy
¥
70 CHB—ﬁ—CI-IdIIHz
0
43 CH, —C+
I




2 -e=-2: Di-isopropyl ketone .

Di-isopropyl ketone (1l.4g, 0.1 mole) was treated with thionyl chloride

(22 ml, 0.3 mole).

The reaction mixture was stirred overnight at roam

temperature. Excess thionyl chloride was removed using a rotary

evaporator. The resultant liquid was distilled to give 2-chloro -

sulfiny] =-2,4-dimethylpentan—3-one. (19.45g).

b.p. = 74 - 76°/0.8 my/Hg yield = 78%

o
Lit. b.p. = 90-91mm/Hg

IR (thin film)

(21)

2980(s) 2940 (m) (2880 (w) 1695(s)C=0 1462.5)
1385 (i) 1155 (s) (5=0) 1080(s) 1020(8) cm
NMR (CC1 4) 30 MHz
5 multiplicity groups integrals
110 Doublet Methyl 6 protons
1.65 Singlet (b) Methyl 6 protons
35 Septet Methine 1 proton

35
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2 = e = 3: Diethyl ketone.

Diethyl ketone (8.6g, 0.1 mole) was slowly added to thionyl chloride

(30 ml, 0.3 mole) at -50. The reaction mixture was stirred at room
temperature for one night. Excess thionyl chloride was then e\iaporated
off using a rotary evaporator. The product was distilled to give 2-chloro-

2-chlorosul fenylpentan —-3-one b.p. = 780/4.5 mm/Hg yield = 70%.

IR (thin film)

2990 (m) 2940 (m) 1720(s)C=0 1440 (m) 1370 (m)
1340(¢)  1160(s)  1080(s) 960 (W) cm
NMR (CCl 4) 30 MHz
$ groups maltiplicity integrals
3.00 Methylene Quartet 2 protons
2.15 Methyl Singlet 3 protons
1015 Methyl Triplet - 3 protons

2 - e - 4: Diethyl ketone in the presence of pvridine.

Diethyl ketone (8.6g, 0.1 mole) and pyridine (15 drops)were slowly
added to thionyl chloride (22 ml, 0.3 mole) at room temperature in

the dark under nitrogen gas.
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The mixture was stirred at 35 - 40° for one day. The excess of
thionyl chloride was evaporated off using a rotary evaporator at 30°.
Ether (30 ml) was added to the resulting liquid. The precipitate was
filtered off and the ether was then evaporated. The product was

distilled to give 2,4-dichloro-2,4-dimethylthietan-3-one. m.p. = 40-42°

yield = 20%. The majority of the product decomposed during distillation.

IR (thin film)

2930 (m) 2985 (m) 2860 (w) 1795(s) C=0
1620 (b) 1440 (s) 1380(s) 1170 (w)
1070(s) 970 () 800 (s) 750(s) am -
NMR (CCl 4) 30 Mz
(] groups multiplicity integrals
23D Methyl Singlet 3 protons
2.20 Methyl Singlet 3 protons

The relative intensity of the two singlet peaks at § = 2.35 and &= 2.20
pem in the nuclear magnetic resonance spectrum was almost 3:2. The
mass spectrum of 2,4-dichloro-2,4-dimethylthietan-3-one showed molecular
ion peaks at 184, 186 and 188. - When the reaction mixture was heated for
5 days at 350, the product was collected at a pressure of 0.001 mm/Hg

at 22° and the melting point was 47 -50°, and the relative intensity of
the two singlet peaks at &= 2.35 and 2.2 ppm was 7:3 in NMR spectrum.
T™wo peaks at = 2.35 and 2.2 ppm are due to methyl protons of cis- and

trans- isomers of 2,4-dichloro-2,4-dimethylthietan-3-one.
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(Table 3)

Mass spectrum of 2,4-dichloro-2,4-dimethylthietan-3-one

Mass ions Fraagments
0 +
E_:I
184, 186, 188 CHB\ / ! /’CH3
C C
N AT S
Y / S Qi
+
156; 158; 160 CH CH
f 3\C ("/ 3
N I o
c1/ g cl
0 3
! I
152, 154, 136 CH CH
c 1o O e
—
c1/ \01
0
Il
/C\
149, 151 C'H3\c 7 C/C[-I3
+
/ e 7
Cl S
0
I
122, 124, 126 c
7 N,
Dy =
c1/ \c1
0
Il
C
114 CH, / > CH,
\S
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Mass spectrum of 2,4-dichloro-2,4-dimethylthietan-3-one showed the
intensity ratio of peaks 184, 186, 188 to be 10 : 6 : 1 which confirmed

the existence of two chlorine atoms in the molecule.

Accurate mass spectra of 2,4-dichloro-2,4-dimethylthietan-3-one cf

ions atm&l84, 186 and 188.

m/e | molecular formula | calculated given error
molecular wt. | molecular wt.

35

184 | CH,cLO S 183.95000 183, 95163 3.5 pom
35,37

186 | coc1’’clos | 185.94920 185.94868 2.7 ppm

188 05H637<:12 08 187. 94551 187.94573 1.1 ppm

2 -e = 5: Ethyl isopropvl ketone.

2 - e - 5a: Ethyl isopropyl ketone in the presence of pyridine at -50°-

Ethyl isopropyl ketone (8.6g, 0.1 mole) and pyridine (10 drops) were
slowly added to thionyl chloride (22 ml) at -50°. The mixture was
allowed to stand at O° for eighteen hours. The excess of thionyl
chloride was evaporated off at room temperature under vacuum. The

product was kept at -80° for four days.
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The solid compound was dissolved in carbon tetrachloride and the
solution was then filtered. The carbon tetrachloride was evaporated
at room temperature under vacuum. The red thick oil was kept in the
cold (-80°) for a few days. The solid was filtered off and collected

to give 2-chloro-2,4,4-trimethylthietan-3-one. m.p. = 35-40° yield = 30%

IR (CCl 4)
3080 (w) 2980 (m) 1780 (s) (C=0) 1640 (m) 1490(m)  1260(s)
NMR (CCl 4) 30MHz
8 multiplicity groups integrals

2.00 Singlet Methyl 3 protons

1.85 Singlet Methyl 3 protons

1.58 Singlet Methyl 3 protons
|
2 - e-5b: Ethyl isopropyl ketone in the presence of pvridine at o°.

Ethyl isopropyl ketone (8.6g, 0.1 mole) and pyridine (0.2 ml) were
slowly added to thionyl chloride (22 ml) at O°. The mixture was
stirred at room temperature for one day. The excess of thionyl
chloride was evaporated and the product was then distilled to give

2,2-dimethyl-4-methylenethietan-3-one.  b.P. = 60°/0.1m/Hg.

TR (thin film)
3080 () 2870(wW) an t  1760(s) (C=0)

NMR (CC14) 30 MHz

8 maltiplicity groups integrals
165 Singlet Methyl 3 protons
1.85 Singlet Methyl 3 protons
4.00 Singlet Methylene 2 protons
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2 - e - 6: Benzyl isopropyl ketone.

3-Methyl-1-phenyl bu-tan-2-one (benzyl isopropyl ketone) (30g, 0.18 mole)
and pyridine (0.2 ml)were added dropwise to thionyl chloride

(65 ml, 0.6 mole) and the reaction mixture was stirred for one week at
27 - 30° in the dark. The excess of thionyl chloride was removed under
reduced pressure in a stream of nitrogen gas. Pyridine (0.5 ml) was
then added to the resulting compound and ether was then added to the
mixture. The pyridine hydrochloride was filtered off and the ether
was then removed at room temperature using a rotary evaporator to give
an 80% yield of 2-chloro-4,4-dimethyl-2-phenylthietan-3-one.

This reaction has been reported by Pizey and Syméonides(?’s)in the absence of
pyridine. The mass spectrum of 2-chloro-4,4-dimethyl-2-phenylthietan—
3-one showed a molecular ion peak at 226 (Table 4).

IR (thin film)

3060 (w) 2980 (m) 2520 (m) 2860 (w) 1780(s) (C=0)

1500 (w) 1450 (m) 1365 (m) 1380 (w) 1120 (m) 1050 (1)

950(w) 860 (i) 790 (m) 740(s) o
NMR (CCl,) 3O0MHZ
6 maltiplicity integrals groups
l.40 Singlet 3 protons Methyl
ST Singlet 3 protons Methyl
135 Multiplet 5 protons Phenyl
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(Table 4)
Mass spectrum of 2-chloro-4,4-dimethyl-2-~phenylthietan-3-one.

m'e. l Fragments
|
226,228 0 T
I
C.H G CH
P S A
Cl S CHy
0 7
192 [
C_H - s
T o
c L
191 P
I
¢ C.H CH
65 c 3
g \s/ \CHB
164 +
/C i C\
H \S/ CH3
163 i C/CHs
(i ol
C.H S 3
6D
132
D R
65 CH +
\ / 3
/C—."_"" @
77,74 i \C“3
= e
65 cH '
=3




2 - e=-T7: 3-Methyl-l-phenylpentan-2-one.

3-Methyl-1-phenylpentan - 2-one (8.8g, 0.05 mole) and pyridine (3 drops)
were added to thionyl chloride (12 ml) at room temperature.

The reaction mixture was stirred for eight days in the dark at 35 - 45°,
The excess of thionyl chloride was removed under low pressure and nitrogen

gas to give 2-chloro-4-ethyl-4-methyl-2-phenylthietan-3-one. Yield of
the crude product = 95%

IR (thin film)

3080 (w) 3040 (W) 2980(s) 2940 (m) 2880 (m)
2810(W)  1790(S)C=0 1600 (W) 1490 (m) 1450 (s)

1380 (m 1280 (W)em L

NMR (cc14) 60 MHz

y maltiplicity ; groups
0.75 = 1,35 Multiplet Ethyl
1.50 Singlet Methyl (1)
1l.90 Singlet Methyl (2)
7.30 Multiplet Phenyl

The relative intensity of protons of methyl(l) to methyl(2) is 82/ 77 =
1.06.

Figures 4 and 5 show the lH and 13C nuclear magnetic resonance spectra
of 2-chloro-4-ethyl-4-methyl-2-pheny]thietanone-3-one fromaJeol FX-90

instrument.
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The mass spectrum of 2-chloro-4-ethyl-4-methyl-2-phenylthietan-3-one
gave the ions at '% 408, 341, 294, 238, 205, 177, 178, 143, 121, 105

The possible structure of some mass ions have been worked out in Table 5.

Mass spectrum of 2-chloro-4-ethyl-4-methyl-2-phenylthietan-3-one

(Table 5)
n/e Fragments
205 9
C.H CH..CH
BT N A 2B
il C
N N
5 3
177 CgHsg CH,CH,
o8 Al W, 2
+ C
SR
s CH
3
178 0
A >
Coble c’/—-;\, 6Ol
S
143 |o|
¢
el
CHly - C——C=
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2 - e - 8: 2-Methyl-5-phenylpentan-3-one.

2-Methyl-5-phenylpentan —3-one (10g, 0.06 mole) was added to thionyl
chloride (18 ml). The mixture was stirred overnight at room
temperature. Pyridine (1.5 ml) was added to the reaction mixture.

The mixture was heated for four hours at 50-55°. Pyridine (0.5 ml)

was added, the reaction mixture was heated for a further two hours.

The excess thionyl chloride was evaporated off. The pyridine hydro-
chloride was quickly filtered off and the product was allowed to stand
at 50° overnight. The resulting solid was kept for thirty minutes at
room temperature. Then cold petroleum ether (40 - 60°) was added to the
crystals. The crystals were filtered off and washed with cold
petroleum ether (40 - 60°). The yellow crystals were 4-benzylidene-2,2
-dimethylthietan-3-one, m.p. = 50 - 53° yield = 65%.

(it mp. = 46 - 4718

IR (ccy, )
2980 (m) 2920 (w) 1755 (s) (C=0) 1610(m) 1490 (w)
1450(m  1250(w)  1120(s) 1090(s) 950 (w)cm *
NMR (CI'.‘14 ) 30 MHz
5 multiplicity groups integrals
7.45 Multiplet Phenyl and 6 protons
Methine
.75 Singlet Methyl 6 protons
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The mass spectrum of 4-benzylidene-2,2-dimethylthietan-3-one showed a

molecular ion peak at 204 mass units (Table 6).

(Table 6)
Mass spectrum of 4-benzylidene-2,2-dimethylthietan-3-one.
m/e Fragments
0 +
i .
e CIH3
O
204 CGH5CH=C &
(1 CI‘I3
0]
¢ cu
3
189 CH CHC < N +/
S
0
11
/C
143 C6H5—CH=C & e H
CH=C=CH
115 CeHy 1
+
i C6H5—~(}I=C'—CH
Accurate mass spectrum of an ion at "Jé 204
m/e | Molecular formula | calculated molecular | given error
weight molecular wt.
204 Cy,Hy,08 204.05143 204 .06088 2.6ppm
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2 == 9 Dibenzyl ketone.

Dibenzyl ketone(10g, 0.05 mole) and pyridine (0.2 ml) wereheated to
60°. Thionyl chloride (15 ml, 0.2 mole) was added to the dibenzyl
ketone at 60°. The reaction mixture was stirred for three days. The
excess of thionyl chloride was then evaporated off and the resultant
products were distilled.

b.p. = 90-100°/0.07mm/Hg.

Two fractions were obtained by redistillation.

Fraction(l) :

Fraction (1) was 2,4-diphenylthietan-3-one. Yield = 17%

IR (thin film)

3080 () 3040 (m) 1800 (s)(C=01790(s) C=01735 (w)
1600(s) 1580 (m) 1500 (m) 1450(s) 1400 (w)

1320 (w) 1250 (w) 1200(s) 1280 (m) 1075 (w)

100(w)  1000(w)  870(s)  780(m) cm
NMR (CC1 4)' 30 MH2
5 multiplicity groups integrals
16D Multiplet Phenyl 10 protons
4.10 Singlet Methine 2 protons
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Mass spectrum showed a mass ion at 226 m/e.

The product (1) decomposed after a few hours. The melting point of the
decaomposition product was 70°. A mass spectrum of the decomposition
product showed a molecular ion peak at 226 mass units.

The infrared spectrum of decomposition product is -

IR (KBr disc)

1700(9)C=01500(m  1450(m)  1410(s)  1380(s)  1340(m)
1240(s) 760(s) 700 (s) am -
Fraction (2)

Fraction (2) was identified dibenzyl ketone.

]

70~-90° /0. 05mm/Hyg

48-52° vield 40%

D.pe

m.p.

IR (KBr disc)

3300-2850 (b) 1700 (s) (CO) 1600 (m) 1580 (m)

1500 (m) 1450(s) 1420(s) 1330(9)
1290(s) 1180 (m) 1130(m) 1070 (m)
1030 () 930(s) 810 (m) 710(s) cm +
NMR (CCl 4) 60MHZ
$ multiplicity groups integrals
7.25 Singlet Phenyl 5 protons
3.60 Singlet Methylene 2 protons




2 -f: Reactioris of dibramoketones -

2 -f =1: The reaction of 1,3-dibramo-3-methyl-1-phenylbutan-2-one

with sodium hydrosulfide .

A solution of sodium (2.3g,0.1 mole) in methanol (50 ml) was saturated
with hydrogen sulfide at (10-15°). 1,3-Dibromo-3-methyl-1-phenyl—
butan-2-one was added dropwise with stirring with the continuous passage
of hydrogen sulfide. During the reaction the temperature was kept

below 20°. The reaction mixture was left at room temperature under a
hydrogen sulfide atmosphere overnight, then poured into water (200 ml)

and extracted with diethyl ether. After drying the ethereal solution over
anhydrous sodium sul fate , the solvent was removed using a rotary
evaporator. The resulting yellow liquid was distilled to give the

dithiol and a dimercapto-tetraketone, the structure is discussed on page 148.

Fraction (1)

b.p. - 82-88/0.05mm/Hg Yield = 45%

IR (thin film)

3100-2840 (m, w) 2560 (w)&-H) 1715(s) (C=0)
1600 (m) 1500(s) 1450 () 1370 (m) cm -
NMR (CDCl3) 60 MHzZ

8 miltiplicity groups integrals
1.20 | Singlet Methyl 6 protons
3.15 | Singlet Thiol 2 protons
3.80 | Singlet Methine 1 proton
7.20 | Singlet Phenyl 5 protons
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The mass spectrum of 1,3-dimercapto-3-methyl-1-phenylbutan-2-one
did not give the mass molecular ion 226 as expected but showed ions

at 99222, 221, 210, (Table 7).

Fraction(2)

o]
b.p. = 90-98/0.05mm/Hg

IR (thin film)

3060-2820(s,m) 2560 (w)S—H 1715(s) (C=0) 1600 (m)
1480 (m) 1450 (m) 1360 (m) cm *
NMR (Cth) 30 MHz

s mualtiplicity groups

1.30 Singlet Methyl

1.55 Singlet ' Methyl

3.20 Singlet Thiol

3.90 Singlet Methine

4.00 Singlet Methine

725 Singlet Phenyl

The mass spectrum gave a parent ion at "% 576
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(Table 7)

Mass spectrum of 1,3-dimercapto-3-methyl-l-phenylbutan-2-one

e Fragments
e
I +
222 CHC = €~ ——(H .
6°5 2
i 2, 2
S. 0 s/
+F_12
221 s = ¢ - C c,
S 0 Ng
H
210 crz—é—c—c—c:a "
65| N, 3 :
e DS
)
+ f
189 CRE~¢ =pa'e
' IR
s © \CH
2
g
187 cH.-c-C-"¢c |
654 ~ g
S 0
?{3 +
180 CHsf = C - CH,
0 &8
0
5 -
o 3
+ £ SN
159 Celie='C c\
o
CH
| P
131 CSHS—S;-——C\
Gy

B3



2 —FE-2: The reaction of 1,3-dibramo-3-methyl-1-phenylbutan-2-one with

sodium sulfide -

Sodium sulfide nonahydrate (25.1g, 0.1 mole) was dissolved in water
(250 ml). 1,3-Dibramo-3-methyl-1l-phenylbutan-2-one (32g, 0.1 mole) in
ethanol (200 ml) was slowly added to the sodium sulfide solution. The
reaction mixture was then stirred for three hours at room temperature.
The organic layer was extracted with methylene chloride. After drying
the combined extracts over anhydrous sodium sulfate ,the solvent was .
removed using a rotary evaporator. Diethyl ether was added to the
resulting thick oil. The solid was filtered off and the liquid was

distilled after removing the diethyl ether.

Fraction 1 Solid

m.p. = higher than 200°

IR (KBr disc)

3080--3000 (W) 2960 (m) 1700(s) (C=0) 1500 (m)
1450 (8) 1300(m) 1140(w) 1080(m) 1050(s)

840 (m) 750(s)  700(s)cm +

The mass spectrum showed mass ion peaks atm/e 351, 317, 281, 235, 224,
191, 178, 160, 162, 164, 153, 154,

The structure of fraction 1 was not identified.

The liquid was distilled to give two fractions -

e
Fraction 1 b.p. = 92-98/0.05mm/Hg

Fraction 1 was identified as a mixture of benzyl isopropyl ketone and

probably 3-bramo-3-methyl-l-phenylbutan-2-one.
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IR (thin film)

3500 (b. m 3100-2860 (s) 1720(s) (C=0)

1

1600 (s) 1450(s) 970 (m)cm

The mass spectrum of fraction 1 showed mass ion at M 4,
e &

NMR (CDClB) 30 MHz
) multiplicity groups
31,1 poubtlet ¥ Methyl ¥
1.3 singlet X Methy1 X)
2.8 Septet (K) Methine (K)
3.7 Singlet(.K) Methylene (K)
3.9 singlet (%) Methylene X
7.3 singlet (%) (K) Pheny1 (K (X)
K = benzyl isopropyl ketone
X = might be 3-bromo-3-methyl-l-phenylbutan-2-one.
Fraction (2)

o
b.p. = 100-123/0.05mm/Hg
Fraction (2) was identified as a mixture of 3-bromo-3-methyl-l-phenyl-

butan-2-one and probably 3,3-dimethyl-5-phenyl-1,2-dithiolan-4-one.

IR (thin film)
3050-2900 (M, W) (C~H)

=]

1725(s) (C=0) 1600 (W) 1490(m) 1450 (m) cm

ke



NMR (CDC13) , 60 MHz

) Multiplicity Groups

1.3 Singlet Methyl (BK)
1.5 Singlet Methy1 (D)
1.6 Singlet Methyl P
3.9 Singlet Methylene (&5
3.7 Singlet Methine (P)
7.1 Singlet Phenyl X
7.2 Singlet Pheny1 (P

D = 3,3-dimethyl-5-phenyl-1,2-dithiolan-4-one

BK = 3-bromo-3-methyl-l-phenylbutan-2-one

The mass spectrum of fraction 2 showed ions at m/e 224 .and 240,

242 respectively due to D and BK (Table 8).
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(Table 8)

Mass spectrum of 3,3-dimethyl-5-phenyl=-1,2-dithiolan-4-cne

n/e Fragments
=
|
240,242 CGHSCHZ -Fl. - (;3 = CI-13
o Br
(@]
. I CH3
224 el ]
C6h5— e CH3
g el WIS
196 C.H CH
65 L
Nw—c 4
| | e
g — §
0
I
&
T
182 CEHSCH S
Ala W
S
0
I
v /N s
160 CeHe N i
C —— C\
g
B £t
132 Cetlg o - e
C=¢C
H ™S

57




2 - f -:3: 'The reaction of 1,3-dibromo-3-methylbutan-2-one with
(44)

- sodium ‘sulfide

Sodium sulfide nonahydrate (109.7g, 0.457 mole) was mixed in water

(250 ml) with ethyleneglycol (100 ml) and diethyleneglycol dibutylether
(150 ml) at 80°.  1,3-Dibromo-3-methylbutan-2-one (110g, 0.451 mole)
was added dropwise to the mixture under nitrogen gas. The reaction
mixture was stirred at 80° for two hours. The mixture was cooled and
the organic layer was extracted with ether. After drying the ethereal
phase over anhydrous sodium sulfate , the solvent was removed using a
rotary evaporator. The resulting liquid was distilled and two

fractions were obtained.

Fraction (1)
o
b.p. = 70 - 125/22mm/Hg
(o]
Lit. b.p. = 50-75/25my/Hg

(44)

IR (thin film)

1760(m (C=0) 1710(s) (C=0) 1450(s) 1350(s)cm

Fraction 1 was identified as a mixture of 2,2-dimethylthietan-3-one

and 3,3-dimethyl-1,2-dithiolan-4-one in low yield 6%.

Fraction 2: was identified as a -3,3-dimethyl-l,2-dithiolan-4-one.

b.p. - 120-130/22my/Hg

IR (thin £ilm)
1715(s) (C=0) 1450(s)  1360(m)  1100(S) cm *
NR (CCl,) 30 MHz
$ multiplicity groups
3.6 Singlet Methylene
1.45 Singlet Methyl
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CHAPTER 3

PREPARATION COF SULFENYL CHILORIDES
AND THE REACTTIONS OF SULFINYL CHLORIDES



CHAPTER 3
.
- el
R J O
D= =2
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T 5 ¥
Si="b =]
S By w9
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3i=b.~4
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chlorides
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of aluminium chloride
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one with aluminium chloride
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triethylamine
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CHAPTER THREE

3: Preparation of sulfenyl chlorides and the reactions of sulfinyl
chlorides.
3 - a: The reaction of ketones with sulfur dichloride.

3 - a - 1: Benzyl isopropyl ketone.

Sulfur dichloride (1.26 ml, 0.02 mole) in dry carbon tetrachloride (15 ml)
was added to benzyl isopropyl ketone (3.24g, 0.02 mole) in dry carbon
tetrachloride at 5°. The reaction was run over several days and analyzed

at various times using infrared spectrum.

stirred at room for three hours, the product was a mixture of benzyl
isopropyl ketone,3-chlorosulfenyl-3-methyl-l-phenylbutan-2-one and 2-chloro-
4,4-dimethyl-2-rhenylthietan-3-one.

1780(s) (CO)  1710(s) (CO)  1600(m) 1580(m)  1500(s)
1470(s)  1380(s) 1360(s)  1000(m)  850(m) 800 (m)cm >

8 multiplicity groups
1.3 - 0.8 | Doublet Methy1®
1.5 Singlet Methyl °/T
3.5 Singlet Methyl®
7.3 Multiplet Pheny1 /57K

K = benzyl isopropyl ketone
S =-3-Chlorosulfenyl-3-methyl-1-phenylbutan-2-one
T = 2-Chloro-4,4—-dimethyl-2-phenylthietan-3-one
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3 -a - 2: Benzyl isopropyl ketone in the presence of aluminium

chloride.

Aluminium chloride (0.5g) was added to benzyl isopropyl ketone
(16.2g, 0.1 mole) in dry chloroform (100 ml) at room temperature.
Sulfur dichloride (64 ml, 0.1 mole) was then slowly added to the
mixture at room temperature. The reaction mixture was refluxed for
eight hours. Chloroform was evaporated off and the resulting licuid

was distilled.

Three fractions were obtained.

Fraction 1

b.p. = 40-80°/0.12mm/Hg

Fraction 1 was identified as benzyl isopropyl ketone
Fraction 2

(o]
b.p. = 8-82/0.12mm/Hg

IR (thin film)

1720(s)c=0 1610(m) 1500(s) 1470(s) 1390(m) 1050(s)

1000(w)  740(s) cm *

Fraction 2

Fraction 2 was a mixture of the ketone and 3-chlorosulfenyl-3-methyl-1-

phenvlbutan=-2-one.
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NMR (Ctl4) 30 MHz

s multiplicity groups
3.55 Singlet Methylene
3.85 Singlet Methylene
300 « 1,90 Septet Methine
1.55 Singlet Two Methyl
116-0.80 Doublet Two Methyl
1.20 Singlet Phenyl
Fraction 3

Fraction 3 was a mixture of the ketone, sulfenyl chloride(p 60)and 2,2~

dimethyl-4-phenylthietan-3-one.  b.p. = 90-96/0.12m/Hg

IR (thin film)
3100(w) 3080(m) 2990(s) 2940(m) 1765 (m)(C=0) 1720(s)C-O

1670(s) 1605(m) 1500 (s) 1460 (s) 1070(s)  940(m)

850(W) 750(s)  700(s)cm *
NMR (CCL,) 30 MHz
8 maltiplicity '~ groups
7120 Multiplet Phenyl
3.95 Singlet Methine
3485 Singlet Methylene
3.55 Singlet Methylene
1.80 Singlet Methyl
150 Singlet Methyl
1-1-08 Singlet Methyl
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3 = a = 3: Benzyl isopropyl ketone in the presence of pyridine.”

Pyridine (0.3 ml) was added to benzyl isopropyl ketone (4g, 0.025 mole)
in dry chloroform (25 ml) at room temperature.

Sulfur dichloride (1.7 ml), 0.025 mole) was slowly added to this
solution and the mixture was refluxed for six hours. Chloroform was

evaporated off to give 3-chlorosulfenyl-3-methyl-1-phenylbutan-2-one.
The sulfenyl chloride decomposed under distillation.
IR (thin film)

3100-2850(s) 1700(s) (C=0) 1600 (m) 1490(s) 1450(s)

1040 (s) 730 (s) 690(s) am *

MR (CClp) 30MHz

8 multiplicity groups integrals
l.40 Singlet Methyl 6 protons
3285 Singlet Methylene 2 protons
7.20 Singlet Phenyl 5 protons

Ji=la = 4; Ethyl isopropyl ketone in the presence of pyridine.

Pyridine (0.5 ml) was added to ethyl isopropyl ketone (9.9g, 0.1 mole)

in chloroform at room temperature.
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Sulfur dichloride (6.6 ml 0.1 mole) was added to this solution at

30 - 38°.

The mixture was then heated for one hour at 34°. The chloroform was
evaporated off and the pyridine hydrochloride was then filtered off.
The resulting green liquid was a mixture of 2-chloro-2,4,4-tri-

methylthietan-3-one, ethyl isopropyl ketone and the sulfenyl chloride.

IR (thin film)

1790M) ()  1700(8) (CO)  1450(S) cm *

3-Db The reactions &f sulfinyl chlorides -

3 - b = 1:3-Chlorosulfinyl-3-methylbutan-2-one with aluminium chloride.

Aluminium chloride (0.4g, C.002 mocle) was added to 3-chlorosulfinvl-
3-methylbutan-2-one (5.07g, 0.03 mole) -
The reaction mixture was stirred for one hour at 40 - 50° under nitrogen.
The resulting thick oil was distilled under vacuum to give a colourless
liquid, b.p. = 40-5(:?/rrm/Hg. The colourless liquid was 3-chloro
sulfinyl-3-methylbutan-2-one. Yield 80%.
IR (thin film)

2980 (@) 2940(m) 1700(s)ICO). 1460(m) 1360(s)  1250(m)

1150(s) (5=0)  1110(S)  960cm -
NMR (CCl 4) 30 MHz
& maltiplicity groups integrals
1.65 Singlet Methyl 6 protons
2430 Singlet Methyl 3 protons
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3 = b = 2:  2-Chlorosulfir¥l-2-,4-dimethylpentan-3-one with

aluminium chloride.

Aluminium chloride (10g, 0.08 mole) was added to 2-chlorosulfinyl-2,4-
dimethylpentan-3-one (7g, 0.04 mole) in methylene chloride (35 ml) at
room temperature for one day. The mixture was hydrolysed by hydrochloric

acid (eN).

The organic layer was extracted with methylene chloride. The methylene
chloride was then removed to give 2-chlorosulfinyl-2,4-dimethylpentan-3-

one. Yield 73%.

NMR (CCl4) 30 MHz

§ multiplicity groups integrals 3
1=1.25 Doublet Methyl 6 protons
1.7-1.80 Singlet Methyl 6 protons
2:4=3.5 Septet Methine 1 proton

3 - b - 3: 3-Chlorosulfinyl-3-methylbutan-2-one with triethylamine.

Triethylamine (4.6g, 0.032 mole) was slowly added to 3-chlorosulfinyl-3-
methylbutan-2-one (5.54g, 0.032 mole) in diethyl ether (30 ml) at 5 - 10°.
The reaction mixture was then heated at 30° for three hours. The
precipitated triethylamine hydrochloride was filtered off. Diethyl ether

was further added to the precipitate.
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The solution was heated and the precipitate was filtered off immediately.
The ethereal layer was then stirred overnight at room temperature to allow
further precipitation of the hydrochloride. The ethereal solution was
collected and concentrated to 200 ml.The ethereal solution was kept in

the cold (-50°) for two weeks. The yellow solid obtained was collected

and recrystallized from carbon tetrachloride and petroleum ether, (40 - 600)

The possible structure of the product was explained in Page 164.
m.p. = 11t

IR (KBr disc)

2980 (m) 2920 (w) 2680 (w) 1690(s) C=0O 1460 (w)

1360 (m) 1300(w) 1260 (w) 1220 (w) 1145(s) (S=0)

1070(m)  980(m)  920(m) 870(s)  770(m) cm -
NMR (C.DClB) 30 MHz
5 maltiplicity groups integrals
2 E Singlet (b) Methyl 19 12
2.30 Singlet Methylene 5 3
T.50 Singlet 1.7 1

An expansion of the peak atg-1.5 ppm showed two lines -

found
C=550 H= 7.7 S = 14.6%

Cal-fo;CmHmogs C=558 H= 7.4 S = 14.8%

The mass spectrum at 70 ev gave ions at ”% 298 266, 234, 223, 391,124,556,
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Accurate mass spectrum of ions at m/e 298, 266

m/e | calculated molecular | given molecular | molecular error
weight weight formula
266 266.0457 266.04688 ?C10H180253 4.2ppmm

298 | 298.01875 298.01896 2C;oH1g0-54 | O.7ppm

The mass spectrum at 15 ev gave ions at ..2_123, 124, 148, 151, 165, 175,
255.

Hydrolysis of the precipitate, which was insoluble in ether, gave
triethylamine. The weight of the resultant triethylamine hydrochloride

was (4.3g. 0.03 mole).

NMR (CC1,) 30 MHz

8 multiplicity groups integrals
et Triplet Methyl 3 protons
B Quartet Methylene 2 protons

3 =-b - 4: 2-Chlorosulfinyl-2,4-dimethylpentan-3-one

with thionyl chloride -

Thionyl chloride (18 ml, 0.25 mole) was slowly added to 2-chlorosulfinyl
-2,4-dimethylpentan-3-one (9.8g, 0.05 mole) at room temperature.
Pyridine (1 ml) was added to the mixture. The mixture was refluxed at 70

- 85° for four days. The excess of thionyl chloride was evaporated off
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e

and on distillation the resultant liquid gave two fractions.

Fraction 1 b.p. = 80-82/4mm/Hg Yield = 40%

The Fraction 1 was identified as a mixture of fraction 2 and unknown
compound .

3500 (W) 2985 (s) 2930(s) 2860 (m) 1750 (8) (C=0)

1680 (s) 1450 (s) 1380(s; 1130(s) 1070(s)

1010(8) 850(s) 780(s) cm -
NMR (cc1 4) 60 MHz
) multiplicity groups
1.45 Singlet Methyl
1.65 Singlet Methyl
1.75 Singlet Methyl
1.95 Singlet ' Methyl

Mass spectrum showed molecular ions at ™M 246,248, 250, 252 (Table 9).
&

Fraction 2
b.p. = 84-86/4mm/Hg
IR was similar to Fraction 1.

NMR (cc14) 60 MHz

5 multiplicity groups integrals
1.95 Singlet Methyl 3
1.80 Singlet Methyl 3

Singlet Methyl 3
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Mass spectrum show ions

at %" 246, 248, 250, 252.

The resulting liquid was thought to be4,5,5-trichloro-2,2,4 tri-

rrethyl-l-thi.acyclo pentan-3-one.

Table (9)

Mass spectrum of 4,5,5-trichloro-2,2,4-trimethyl-l1-thiacyclopentan —3 —one
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m/e Fragments Relative intensity
246, 248, 250, 252 ©
E 4 § CH é:' CH+ 100 : 99 : 33 : 3.8
=) \ / \ / 3
Ccl— C e
1 - S
Ol —0 ===
|
(28
(0] -
i
20Q, 212, 214 CH2\ e e \ /CH3
b
L
| L
CH,
i O ===
|
Cl
983, 135 S1.87 CH3 CH
SO 3
L
| I cH,
Gl e
|
S
0O +
1 2
176, 178 CH3\ e C\ /CI[-13
C C
| |
3
Cl—C ——' B




Table (9) - continued
m/e Fragments
0
610163 I
CH
C/C\C/ 3
+ ~CH
| a2
e S
/
Cl.
0
ol
141 CH3\ I /G-I3
& € 4
1 2y
e B
G
132 CH3 -C=C+
I
Cl - C=S

The existence of three chlorine atoms in the molecule was confirmed by

measuring the relative intensity of peaks M, M + 2, M + 4, M + 6.

The accurate mass spectrum Of an ion at m/e 246.

m/e | molecular forrula | calculated molecular | given error
weight molecular wt.
246 | C,HgCI308 245.94431 245.94396 1.4ppm
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CHAPTER 4

THE REACTIONS OF THIETAN-3-ONES



Page

The reactions of thietan-3-ones

4= 5 =
48=ra =
e o
4 = a=
di= g =
4 = g=
4d=a=

10:
41z
L2
13z
14:
15

16:

The reaction of 2-chloro-4,4-dimethyl-2- 70
phenylthietan-3-one with various reagents
Piperidine 70
Morpholine 73
Pyrrolidine 76
Hydrazine hydrate 79
Phenylhydrazine 91
Methylhydrazine 93
Methanol ag
" Sodium methoxide 1nl
Benzyl mercaptan 101
Water 103
Water in the presence of acid 104
Water and oxygen of air 106
Magnesium 1n8
Magnesium in tetrahydrofuran 109
Zinc 110
Sulfuryl chloride 16 .
The irradiation of 2,4-dichloro-2,4- 114
dimethylthietan-3-one
The reaction of 2-chloro-4-ethyl-4- 114
methyl-2-phenylthietan-3-one with
morpholine
The reaction of 4-benzylidene-2,2- 118

dimethylthietan-3-one with thionyl
chloride in the presence of pyridine.



CHAPTER FOUR

4 - The reactions of thietan-3-ones

4 - a: The reaction of 2-chloro—-4,4-dimethyl-2-phenylthietan-3-one with

various reagents

4 = a = 1: Piperidine

Dry piperidine (2.1g, 0.025 mole) in dry diethyl ether (15 ml) was added
dropwise to 2-chloro-4,4-dimethyl-2-phenylthietan-3-one (2,26g, 0.0l mole)
in diethyl ether (25 ml) at 20 - 25°. The reaction mixture was stirred
at room temperature for two days. The precipitated piperidine hydro-
chloride was filtered off and washed with dry diethyl ether several times.
Piperidine ( 0.1 ml) was added to the ethereal part and the reaction
mixture was then heated at 30° overgwater bath for sixty hours. The
precipitated piperidine hydrochloride was filtered off and the ether was
removed by evaporation under reduced pressure. Methanol (0.5 ml) was
added to the resulting thick oil whereupon white crystals were formed.
This precipitate was filtered off and recrystallized from methanol to

afford 2,2-dimethyl-4-phenyl-4-piperidinothietan-3-one.

mp. = 50° ¥ield = 32%.

The elemental analysis for molecular formula C, _H,.NOS is :-

16721
5 H N S
Calculated 69.81 7.63 5.09 11.64 %
Found 69.70 7.80 5.00 12.00 %

70



IR (KBr disc)

3030 W) 2940(5s) 2860 (m) 2810(m) 1760 (s) (C=0)
1590 W) 1445 (s) 1380 (m) 1360 () 1310 (m)
1250 (m) 1230 (m) 1200 (m) 1170 (w) 1110 (w)
1060 (m) 1035 (m)y 985 (s) 910 (w) 860 (m)
840 (m) 820 (m) 7706 ) 750(s) 710 (w)
690(m) cm s
o [ I
0
T i
NMR (CCl,) 30MHZ G LR e R
4 /
/ 3 S CH3
4 N 1
N
3 2
5 multiplicity groups integrals
1.35 S Methyl
1.35~1.80 b.S Methylene(3,4,5)| 12 protons
160 S Methyl
25570 b.S Methylene(2,6) 4 protons
1 35=1+/0 m Phenyl 5 protons

The mass spectrum of 2,2-dimethyl-4-phenyl-4-piperidinothietan-3-one gave

a molecular ion peak at m,e 275 (Table 10).
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(Table 10)
Mass spectrum of 2,2-dimethyl-4-phenyl-4-piperidino thietan-3-one

m/e Fragments
275 IOI 5
C.H. N c CcH
2 i S 2 C\
C6H5 5 CH3
243 o
o+
CSHlON\ o C\ /CHB )
C c\
Cshs it
0
H. N c
Cstho S
228 > c c,~ CH,
Ce's
215 o' = B
c —c 4
/
CePs \CH3
+
e - o :
198 CHy N = C = C=C 3
()]
1
C CH,
Y,
158 CHig= € —— C
g
CHy
e +
117, 84 CgHg - E BC =0 Y a To
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Accurate mass spectrum of 2,2-dimethyl-4-piperidino—-4-phenylthietan-3-one

of an ion at m/e 275.

m/e | molecular formula | given molecular | calculated molecular | error
weight weight
275 | C,H,,NOS 275.13438 275.13416 0. 7opm
4 - g - 2 Morpholine

Morpholine (2g, 0.023 mole) in dry diethyl ether (10 ml) was slowly added
to 2-chloro-4,4-dimethyl-2-phenylthietan-3-one (2.26g, 0.01 mole) in
diethyl ether (25 ml) at room temperature. This reaction mixture was
stirred for one day. The precipitated morpholine hydrochloride was
filtered off. - The ethereal layer was collected and the ether was
evaporated off. The resulting solid was recrystallized from methanol to

give 2,2-dimethyl-4-morpholino-4-phenylthietan-3-one.

O

mps — 221 Yield = 95%

Elemental analysis of C._H,.NOS

16 21
c H N S
Calculated 64.98 6.86 5.05 11:50
Found 65.10 120 5.00 11.80
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IR (KBr disc)

675 (w) 700 (m)
830 (w) 860 (W)

990(w)  1010(m)

1150 (vw) 1160 (w)
1390 (vw) 1440 (s)

1755 (s)c O) 2820 (m)

3060 (W) cm L

725 (m) 760 (s) 800 (s)
875(s) 925(s) 965 (W)
1065 (w)  1080(vw) 1112(s)
1190(m)  1360(m)  1375(m)
1485(m)  1575(W) 1590 (Vw)

2826 (m) 2900 (vw) 2962 (m)

NMR (CC14) (30 MHZ)

$ multiplicity integrals groups
.3 Singlet 3 protons -CH3
L5 Singlet 3 protons _CHB
2.3 Triplet 4 protons -CH2 = - CHE_
3.6 Triplet 4 protons —CI-12 - Q- CHZ_
Va3 =755 Multiplet 5 protons CGHS

Accurate mass spectrum of2,2-dimethyl-4-morpholino-4-phenylthietan-3-one

of an ion at m/e 277.

3571972

m/e | molecular formula | given molecular | calculated error
weight molecular wt.
277 C, -H. .NO_S 277.11364 277.11398 1.2ppm
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The e.s.r. spectrum of the reaction mixture was taken in the presence of

a spin trap (nitrone). The e.s.r. spectrum did not show the presence of
a radical.-

Table (11)

Mass spectrum of 2,2-dimethyl-4-morpholino-4-phenylthietan—-3-one.

m/e : Fragments

0

C H,NO

c CH
277 48\C/ \C/ 3
5
CGHS/ s/ 1S

3

0
[l
229 C H C
e SR
e €
Cell: $
CH :
3
217 C4HgNO N i
C.H 4 s CHy
65
172 cqﬁaNt\ > CH,
TERP C\
N\s / CH,
144 /C \:—:/C -+
i
1
C.H, “H© CH,

o]



4 - a - 3: Pyrrolidine

Pyrrolidine (15.4g, 0.22 mole) in diethyl ether (30 ml) was added to
2-chloro-4,4-dimethyl-2-phenylthietan-3-one (22.6g, 0.1 mole) in dry
diethyl ether (20 ml) at 0°. The reaction mixture was stirred at room
temperature for three days. Pyrrolidine hydrochloride was filtered off..
The ether was removed using a rotary evaporator and the resulting red

liquid was then distilled under reduced pressure to give 2,2-dimethyl-4-

phenyl -4-pyrrolidinothietan=-3-one.

b.p. = 90-100°/0.0lmm/Hg.  Yield = 50%.

The mass spectroscopic data is given in Table (12).

IR (KBr disc)

3080 (W) 3040 (w) 2980(s)  2940(m) 2880 (m)

1760(S) (C=0) 1730(W) 1630(m) 1600(W) 1500 (m)

1450 (w) 13806w)  1365(w) 1350 (w) 1265 (m)
1170 (w) 1120(m) 1070(m) 1020 (m) 750 (iv)
700 (m) 720 (m) cm +
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H C CH
s 6’5 o B ~ 1o 3
L /\ o
N iy e 5 ' i CH,
j\/
2
IMR (CC1l 4) 30 MHZ
S multiplicity groups integrals
1235 Singlet Methyl 3 protons
1555 Singlet Methyl 3 protons
2.60 Multiplet Methylene 4 protons
(2,5)
1.20 - 1.90 2.broad Singlet Two Methyl and | 10 protons
Methylene
(3,4)
Fa2 O Multiplet Phenyl 5 protons

Accurate mass spectrum of 2,2-dimethyl-4-phenyl-4-pyrrolidinothietan-3-one

of an ion at m/e 261.

error

m/e molecular formula | calculated molecular |given
weight molecular wt.
261 C15H19NOS 261.11837 261.11873 1. 3ppm
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Table (12)

Mass spectrum of 2,2-dimethyl-4-phenyl-4-pyrrolidinothietan-3-one.

m/e Fragments
ﬂ +
261 C_.H C CH
6 5\ ZoN J
C c
s W
C,HoN S CH,
+
229
C4H81\\ CH,
e
v \c/ b
Cels i Gy
0
201 C.H CHB
65
. o & +
P C\CH .
A .
C HgN
191 ﬁ
CH
s DA
CHe S CH,
0
i +
7\ :
176 O i}
P N
€l | 8 CH,
+
Ce{s /CH3 :
126 B=
N o
W
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4§ =@~ 43 Hydrazine Hydrate

Hydrazine hydrate (2.21g, 0.04 mole) was added to 2-chloro-4,4-dimethyl-
2-phenylthietan-3-one (4.25g, 0.02 mole) in dry diethyl ether (70 ml).
The reaction mixture was stirred overnight at room temperature and
diethyl ether was added to the resulting mixture. The ethereal layer
was separated from the aqueous layer, diethyl ether was then removed and
the solid product was recrystallized from benzene +to give3~(l-mercapto

-l-methylethyl) —4——I:mheny'l:a.‘l'1 -1,2-diazetin-3-0l.

m.p. = 120 - 128° vield = 67%

Elemental analysis of CyH 4N0S

c H N S

Found 59.61 6.20 12,60 14.10 %

Calculated 59.46 6.30 12.60 14.41 %

IR (KBr disc)

3420(s) 3285 (i) 2960 (W) 2900 (w) 2850 (vw)
2575 (w)lS—H)1645 (s) 1600 (rd) 1590(m) 1550( s )
1480 (w) 1440 (W) 1380 (m) 1360 (w) 1325(<)

1235(m)  1190(w)  1130(w) am -
IR (CHCJ.3)

3465(s) 3305 (m) 3200 (w) 2980 (w) 2910 (w)

2860 (W) 2580 (w) 1660(s) 1605 (m) 1565(s)
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NMR(CDClB) 60 MHz
s multiplicity groups integrals
1.75 Singlet Methyl 6 protons
3.05 Singlet Thiol 1 proton
6.15 Singlet Amine 2 protons
DD Maltiplet Phenyl 5 protons

The nuclear magnetic resonance spectrum of the product was taken at

various

concentrations in CDC:l3

W/V Conc. of Solution & of NI12
0.053/0.5 10.6% 6.05
0.053/1 5.3% 5.85
0.053/1.5 3.5% T

W = The weight of the resulting compound of the reaction (4-a-4)
V. = The volume of CDC!l3
u.v. (cyclohexane)

(A) = 0.0l11llg of the resulting compound of the reaction (4-a-4) was

dissolved in cyclohexane (25 ml).

cyclohexane (10 ml).

Cg/lit =

C mole/1

0.3 x 0.011] x 1000/10 % 25

it = 0.01332/,,, = 6 x 107>

80

= 0.01332

0.3 ml of (A) was dissolved in




The u.v. spectrum of (7-a-4) shows—

A= 270nm A = 0.514 L=1am
A = EIC E = 865 molar extinction coefficient.
NMR {('_‘IZ)CJl3 + shift reagent) 60 MHz
8 multiplicity groups
71.35 Multiplet Phenyl
6.10 Singlet (b) NH, OH?
3.00 Singlet Thiol
13/S Singlet Methyl
J.1<1.20 Two Singlet Shift reagent
NMR (C:DC.‘L3 + D;0 + shift reagent) 60 Miz
: multiplicity groups
I Multiplet Phenyl
6.10 Singlet(b) OH?
4.65 Singlet Thiol?
£ Triplet NH
g0 Singlet Methyl
1.19-3.20 Two singlet Shift reagent
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Figures 6, 7 and 8 show the 1(3_, NON and NOE nuclear magnetic resonance

spectrum of (4-a-4).

The mass spectrum of (4-a-4) showed a molecular ion peak at 222 mass

units (Table 13, 14, 15).

Accurate mass spectrum of (4-a-4) of an ion at m/e 222,

m/e molecular formula | given molecular | calculated error
weight molecular wt.
222 CllHl 4N205 222.08301 222.08268 1.4ppm
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Table (13):
Mass spectrum of

3- (1-Mercapto-l-methylethyl) ~4-phenyl-A“-1,2-diazetin-3-ol.

m/e Fragments
OH  cH,
|
222 C6H5—([:‘J-(|I3-(IZ-SH
e O
T
205 +
CgHg - C <’: C - CH,
N —NH SH
PRz
190 CH ~C~0C~-C~-CH
e T 3
N— N, H
o
178 CH. ~-C=C-C~-8H
T T T
e e
T
119 +C - C- SH
I |
N CHy
104 CeHs - Eam
+
103 Cells - €= :
CH
3 -
-
CH,
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Table (14)

Mass spectrum of 2-hydrazono-2-mercapto-3-methyl-l-phenylbutan-1-one.

m/e Fragments
e 1
222 o tah . I o
Ce's (I:J CI:| (1: &3 ’
O N sH
N,
T *
205 Cells = C = C - € - CH,
0 NS
s
190 CeHs ﬁ - ﬁ < g~
0 N-NH,
119, 103, 104 2
75, 71 CH,
\ +
C,- SH CH)
b :
o5
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Table (15):

Mass spectrum of

4-(1-mercapto-1-methyjethy| ) -3—phenyl—;34—1 ,2=diazetin-3-ol.

m/e Fragments
B—x cx
e e *
222 csﬂs—cl:—c—cl-c:i3
OH SH
‘fﬂa
&
205 C6H5-]—(I'_‘J—(I3-(1{3
NH—N SH
190 Csﬁs"‘f‘ﬁ"?'cﬂa
HN-N SH
160 CsHS'T=C'CH=S +
N
104 SRR
NH
119
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Determination of the chemical shift of the amino group (NHZ) in the

hydrazono compound.

Prepa.ra.tion of 2-hydrazono-3-methyl-1-phenylbutane. (75)

Hydrazine hydrate (4g, 0.08 mole) was added to barium oxide (15.3g, 0.1
mole) in ethanol (10 ml). Benzyl isopropyl ketone (13g. 0.08 mole) was
slowly added to the mixture at (10 - 150) . The reaction mixture was then
stirred for two days. The organic fraction was extracted with diethyl
ether and the diethyl ether was then removed using a rotary evaporator,

to give 2-hydrazono-3-methyl-l-phenylbutane.

IR (thin film)

3325(s) 3190(wW 3040 (w) 3000 (w) 2900 (s)

1580 (s) (C=N) 1440(s)  1370(m)  1020(s) cm *

NMR fCCl4) 60 MHz
8 multiplicity groups integrals
l.oo Doublet Methyl 6 protons
3.45 Singlet Methylene 2 protons
5.05 Singlet Amine 2 protons
7.20 Singlet Phenyl 2 protons




Detection of carbonyl group of (4-a-4).

The campound resulting from reaction (4-a-4) 0.lg was dissolved in

ethanol in hydrochloric acid. The mixture was allowed to stand at room

temperature overnight.

m.p. = 180-182°,

The crystals were filtered off.

NMR (CDCl 3) 30 MHz
8 multiplicity groups
1.55 Singlet Methyl
2.3b Singlet Thiol
Db Multiplet Phenyl
NMR (C6D6) 30 MHz
) multiplicity groups
=0 Singlet Methyl
2,35 Singlet Thiol
T 9D Multiplet Phenyl
8.30 Singlet (b) Amine
IR (KBr disc)
3500-3000 (b) 1700(s) (C=0) 1590 (m) 1450 fm) e+
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The reaction of (4-a-4) with 2,4-dinitrophenylhydrazine sultate ..

(76)

Brady's method - A stock solution of 2,4-dinitrophenylhydrazine

sulfate in methanol was prepared as follows.

2,4-Dinitrophenylhydrazine 2g was treated with concentrated sulfuric
acid (4 ml) and methanol (30 ml) was added cautiously with cooling.
After warming to effect complete solution, water (10 ml) was added to the
solution. The compound resulting from reaction (4-a-4) (0.lg) was
dissolved in the minimum amount of the methanol.

The solution was treated with (3-5ml) of stock solution (dinitrophenyl-
hydrazine solution) and the mixture was refluxed for ten minutes. The
solution was cooled. The precipitate was filtered off and collected.
m.p. = 135-145°4.

IR (KBr disc)

3260 (m 3100-2940(b) - 2660 () 1615 (s) (C=N)

1590 (w} 1570 () 1500(s) 1420 (s)

1340 (8) 1320 (m) 1220 (w) 1180 (w)

1060 (s) 10006 ) 920 (m) 790(s) cm L
4 -3a->5: Phenylhydrazine

Phenylhydrazine (.05 mole, 5.45g) in dry diethyl ether was added to
2-chloro-4,4-dimethyl-2-phenylthietan-3-one (0.025 mole, 5.56g) in dry

diethyl ether at 15 - 20°

The reaction mixture was stirred for one week
at 30°. The phenylhydrazine hydrochloride was filtered off. The ethereal

solution was allowed to stand at room temperature for three weeks and then
evaporated to dryness. The product was recrystallized from a mixture of

chloroform and methanol to give 4,4,4,4,-tetramethyl-3,3-dioxo-2,2—-diphenyl-

2,2-bithietanyl. m.p. = 137-139°, vield = 20%.
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Another method used for the purification of the product was
chromatography on an alumina - colum, using 5% benzene in petroleum
ether (40 - 60°).

The mass spectrum of the product showed a molecular ion peak at 382 mass

units (Table 16).

IR (KBr disc)

3060 (w) 2980 (m) 2920 (m) 2850 (w) 1770(g) (C=0) .

1490 (s) 1440(s) 1360 (m) 1380 (m) 1330 (w)

1235 (W) 1135(s) 1060 (m) 1030 (W) 910 (m)

740(s) 700(s) cm
NMR (CC14) 60 MHZ
8 multiplicity groups integrals

1.30 i Singlet Methyl 6 protons
1:52 Singlet Methyl 6 protons
20 Singlet Phenyl 10 protons

An e.s.r. spectrum of the reaction mixture was taken using different

conditions in the following manner.

Phenylhydrazine (0.02 mole) in diethyl ether was added to 2-chloro-4,4-

dimethylthietan-3-one (0.0l mole) in diethyl ether.
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The reaction mixture was stirred for one day. The e.s.r. spectrum of the
ethereal fraction was run at room temperature, at 0° and in the presence

of a spin trap. The detection of a radical was possible using a spin trap.
The e.s.r. spectrum of the starting materials, phenylhydrazine and 2-chloro-

4,4-dimethyl-2-phenylthiet an -3-one, was taken using the same conditions.

Figure 9 shows the e.s.r. spectnum forthe reaction mixture

93



LI |
p2in—
U

it 1
[N
(=]

L]
—o
v

ocoo

Lk
=i
(5]

++ 4+

—Na
O

e ok e

=L
=

+++
Ao
=

+

Fig. 9

94

LA}



Table (16)
Mass spectrum of

4,4,4,4-tetramethyl-3, 3-dioxo-2, 2-diphenyl~2, 2-bithietanyl

m/e Fragments
.
CH s C.H
382 3\ o
( /C\ /C
CH, : 2
o) 0
318 CH o C.H é:' CH
B, e, B SN R S
C Q c —C
VA N B
CHy Cells Gy
0 0
I Il
302 CH3\ L /cGH5 /c\ X
C C C C=CH
Vs 7 2
CH, CeHe
o) o)
Ir |
C C CH
2N CER el
275 cC —Cc—C C
ol T \S/
S CeHg
i
0 o
I JC! CH +
/C\ & oo s
210 oM N o S
# P B
H CcHe CH,
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Table (16) continued

m/e Fragments
C.H gf CH
191 i Tt
8
R
S/ \CH
3
(0]
(B
C.H C CH
B S5 "L TN, 3
178 C C\/
P
H \S/ H
O
y
C.H e H
65 N
163 C/ +/
g5/ Ng”
{I)H
H 24 CH
e
147 C ——C
3 ™
CcHs H
0
[
&
AT
129 /C Bnceme i)
Cots
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§ =a = Methylhydrazine

Methylhydrazine (0.92g, 1.2 ml, 0.02 mole) in dry diethyl ether was
slowly added to 2-chloro-4,4-dimethyl-2-phenylthietan-3-one (2.26g, 0.01
mole) in dry ether (50 ml), at -50°. The precipitated methylhydrazine
hydrochloride was immediately filtered off. The ether was evaporated.
The products were separated using colum chromatography on an alumina
81,0,) colum with 5% benzene in petroleum ether (40 - 60°).

Fraction (1)

Fraction 1 was thought to be 2,2-dimethyl-4-methylazo—-4-phenylthietan-3-one

IR (thin film)

3060 (w) 3020 (vw) 2960 (m) 2925(s) 2860 (w)

1765(s) (C=0) 1600(w) 1480(w)  1445(s) 1360(w) 700(s) cm

NMR (CCl 4) 30 MHz
5 multiplicity groups integrals
452 Singlet Methyl 3 protons
L5 Singlet Methyl 3 protons
1.6 Singlet Methyl 3 protons
i Multiplet Phenyl 5 protons °
Fraction 2

Fraction 2 was thought to be 3,3,6-trimethyl-1-phenyl-2-thia-5,6-diazabicyclo
(2.2.0) hex-4-ene.
IR (thin film)

3300 (w,b) 320(w) 2980 (m) 2930(s) 2860 (W)

1655 (s) (C=N) 1550 () 1450 (m) 1480 (m) 1380 (W)

1100 (m) 940 (m) cm *
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4 -a-17: Methanol

Dry methanol (50 ml) was slowly added to 2-chloro-4,4-dimethyl-2-
phenylthietan-3-one (2.26g, 0.1 mole) and dry pyridine (0.3 ml). The
reaction mixture was stirred for four days at room temperature. The
excess methanol was removed using a rotary evaporator. Dry ether (50 ml)
was added to the resulting liquid. Pyridine hydrochloride was filtered
off and the ether was then removed. The product was distilled to give

4-methoxy-2,2-dimethyl-4-pheny1lthietan-3-one.

b.p. = 98 /0.06mm/Hg Yield = 60%.

IR (thin film)
3030 (W) 2980 (m) 2940 (m) 2820(w) 1770(s) (CO)
1680 W) 15004W) 1450(s) 1370 (W) 1385 W)
1190 (m) 1100 (m) 1060 1030 (vw) 980 (8)
920 (W) 860 () 830(W) 760 (M 720(%) cm -
MR (CCl 4)6(:) MHz
8 multiplicity integrals groups
l.40 Singlet 3 protons Methyl
1.7 Singlet 3 protons Methyl
3.40 Singlet 3 protons Methoxy
7.45 Multiplet 5 protons Phenyl
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The mass spectrum of 4-methoxy-2,2-dimethyl-4-phenylthietan-3-one
did not give a molecular ion peak at 222 as expected, but showed peaks

at2194, 191, 190, (Table 17).
Table (17)
Mass spectrum of 4-methoxy-2,2-dimethyl-4-phenylthietan-3-one.

m/e Fragments
194 CeHs Gl +
o Pl
e
K R
CH,0 S CH
3
0
191 CH c CH
¢tls 3
S ” ya \C 7
4
NS
s cH
3
190 C.H 0 CH, y
W IICRL
c c
S
CH.0 cH,
162 65\ Vi +
R 4
R
CH.0 cH,
152 CeHs £
o C=S 5
CH,0
131 CeHs s
c:c\
+
CH,
. /2 :
CeHe- C = C - CH,
0
I
c
e +
129 cﬁl-g &




The accurate mass spectrum of 4-methoxy-2,2-dimethyl-4-phenylthietan-3-one

of ions at ’j} 194, 190.
€

m/e | molecular formula | given molecular | calculated error
weight molecular wt.

194 CllHl 4‘C}S 194.07653 194.07615 1.9%ppm

190 CleJ: 402 190.099373 190.09953 1.00ppm
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4 a - 8: Sodium Methoxide -

Sodium methoxide (1g, 0.0l mole) was added to 2-chloro-4,4-dimethyl-2-
phenylthietan-3-one (3.4g, 0.015 mole) at 20°. The reaction mixture was
stirred overnight at 30°. Dry diethyl ether was used for the separation
of the product fram sodium chloride. The ether was removed and the

resulting yellow liquid was distilled to give 4-methoxy-2,2-dimethyl-4-

rhenylthietan-3-one. Yield = 50% b.p. = 88/0.05mm/Hg.

IR (CCl;l)

3000 = 2900 (m) 1760(s) (C=0) 1450(S) 1270 (8) 1230(S)

1050cm *

MR (CCl) 30 Mz

6 multiplicity groups integrals

1.65 Singlet Methyl 3 protons
1.45 Singlet Methyl 3 protons
3.35 Singlet Methoxy 3 protons
T+:30 Multiplet Phenyl 5 protons

4 -a-29: Benzylmercaptan

Anhydrous pyridine (1.1 ml, 0.0l mole) was dissolved in 2-chloro-4,4-
dimethyl-2-phenylthietan-3-one (0.015 ml, 3.398g). Benzylmercaptan

(0.015 mole, 2,1g) was added dropwise to the mixture. The temperature of

the reaction was controlled between 35-400. The reaction mixture was stirred

for three days at room temperature. Dry diethyl ether (46-60 ml) was
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added to the resulting solid and the solution was then heated at 400.
The precipitated pyridine = hydrochloride was filtered off and the ether
was removed using a rotary evaporator. The solid product was recrystallized

from petroleum ether (40-60°) to give 2-benzylmercapto-4,4-dimethyl=-2-

phenylthietan-3-one.

n.p. = 50-55° Yield = 64%

The reaction was carried out under three conditions.
(1) without solvent.

(2) in diethyl ether.

(3) in pyridine.

The third condition was the best, and was subsequently used to isolate

the product.

Elemental analysis of c18H18052

(& H S
Calculated 68.78 Bel3 20.38 %
Found 68.20 5.90 20.80 %
|

IR (thin film)

3080 (\w) 3060 (w) 3020 (m) 2970 (m) 2920 (m)

2850 (w) 1760 (s) (C=0) 1600 (w) 1495(s)

1450 (s) 1380w)  1360(m)  1240(w)  1120(s)

1065 (w) 1030 (w) 960 (i) 800 (w) 750 (s)
700(s) cm >
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MRSl ) ROCHE
é multiplicity groups integrals
1.50 Singlet Methyl 3 protons
.75 Singlet Methyl 3 protons
3.70= 3.40 Doublet Methylene
2 protons
4.10- 3.80 Doublet Methylene
7.20 Multip|et Pheny| 5 Protons
4 '="ai="10¢ Water

Water (25 ml) was added to 2-chloro-4,4-dimethyl-2-phenylthietan-3-one
(0.01 mole, 2.26g). The reaction mixture was stirred at 50° for seven
days. The organic layer was extracted with diethyl ether. The ethereal
fraction was collected and dried over anhydrous sodium sulfaie The ether
was evaporated and the resulting compound was distilled under reduced
pressure. The yellow liquid obtained was 3-mercapto-3-methyl-}-phenyl-i,2-

-]
b.p. = 65 - 67/0.12mm/Hg.

butanedione. Yield = 81%.

The mass spectrum of 3-mercapto-3-methyl-l-phenyl-l,2-butanedione gave a

molecular ion peak at 208 mass units (Table 18).

IR (thin film)

3075(w)  3030(W) 2980(s) 2940(m) 2860 (w)
2565(w) (SH) 1715(s) (C=0) 1675(s) (C=0)
1600(s)  1585(m)  1500(w)  1455(s)  1390(w)
1370(m)  1320(W)  1290(s) 1220(s) 1180 (w)
1130(w)  1090(S)  1000(w)  930(m)  880(s) cm -
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NMR (CI.‘14)

60 MHz

8 multiplicity groups integrals
l.60 Singlet Two Methyl 6 protons
2.10 Singlet Thiol 1 proton
7.10 Multiplet Phenyl 5 protons
4 - a=i)- water in the presence of hydrochloric acid -

Hydrochloric acid (25 ml) IN was added to 2-chloro-4,4-dimethyl-2-

phenylthietan-3-one.
days and the product was then extracted several times with ether.
ethereal solution was washed with water, ocollected and dried over anhydrous
sodium sulfate .
resulting yellow liquid was distilled to give 3“ﬂemapto—3—methyl-l—phenyl-
1,2-butanedicne. b.p. = 65-67°/0.12m/Hg

The reaction mixture was stirred at 500 for four

The ether was removed using a rotary evaporator.

Spectroscopic data were similar to thoseof (4-a-10).
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Table (18)

Mass spectrum of 3-mercapto-3-methyl-1-phenyl-1,2-butanedione -

m/e Fragment
i
- LS e 0 <+
208 CGHSﬁ ﬁ ? SH :
°o o a
175 c
CHEC & 1 ot -on
65 1 1 3
0 (0] CH3
= = e = +
174 CSHSrCI s
6 0 ‘o
3
+
161 CH~ € -C-C~CH
[ N =
0 O
147 CGHS-—iCI—?=éH
O OH
CH
3
131 CH,-C -C-C +
ARE T
SH 0 O
?H:-r,
103 eﬁ'f'SH
o' on
5
105 3
CeHy - C+
79 c:H3-E—c—-s
|
Sy
+
77 CHe
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4 - a-12: Water and Oxygen of air

Oxidation of 3-mercapto-3-methyl-l-phenyl-l,2-butanedione.

3 = Mercapto-3-methyl-1-phenyl-1,2-butanedione in water was heated at 40°
for two months. The solid was filtered off and recrystallized from

petroleum ether (40 -60°) to give a yellow solid, bis butanedione disulfide.

m.p. = 80° Yield = 98%.

Elemental analysis of 'c2'2_H22O4S2

¢ H S
Calculated 63.82 5.31 15.45 &
Found 63.50 5.40 15.40 %
IR (KBr disc)
3100 W) 3070 (w) 2985 (VW) 2940(w) 2860 (m)
1705 ( 8)C=0) 1675 (s) 1600 (m) 1580 w)
1470 (W) 1450 (9) 1435 (W) 1390 (M)
1305 (w) 1320(m) 1305(w) 1285(s)
1220(s) am *
NMR (cCl 4) 60 MHz
8 maltiplicity groups integrals
1.6 Singlet Four Methyl 12 protons
7.4 Multiplet Two Phenyl 10 protons

The mass spectrum gave a molecular ion at M 474 (Table 19).
e
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Table (19)

Mass spectrum of bis-butanedione disulfide

Fragment

3
I
0

-c-C-C=-S-8~-C-C+

T
CH
3 |

CH

|

|
L
=
l
o
cH
|

I
0

1l

= O O =005
I
0
I
o O

(CGHS
Cels
Ceile

I
D)

Cels

-C-C-C— CHg
|
CH

:CI-I.,_
=

L

B R B
i

CGHS

00&«13

mn/e

414
280
207

175

174

146

130

115

105
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4 - a~-13 Magnesium

2-Chloro-4,4-dimethyl-2-phenylthietan-3-one (2.26g, 0.0l mole) in dry
diethyl ether (15 ml) was added to magnesium (0.37g, 0.012 mole) in

dry diethyl ether (15 ml). The temperature was controlled between

27 - 30°. Dry methanol (16 ml) was added to the reaction mixture after
thirty minutes. The reaction mixture was stirred overnight at rocm
temperature and the precipitate was filtered off, and the ether was then
removed to give a mixture of a solid and a liquid. The solid was filtered
off to give fraction 1 and the remaining liquid (Part 2) was found to be
benzyl isopropyl ketone.

Part 1

The solid was recrystallized fram methanol to give-4,4,4:4:tetranethyl—3,3:
dioxo-2,2-diphenyl-2,2-bithietanyl.
m.p. = 137 - 139°  yield = 55%

IR (KBr disc)

3080 (w) 2980 (m) 2920 (m} 2840 (w) 1760(s) (C=0)

1580 (w) 1450 (s) 1500(s) 1380 (m) 1360 (m)

1130(s) am *

NMR (OCl4) 30 MHz

é maltiplicity groups integrals
1.30 Singlet Methyl 3 protons
1.55 Singlet Methyl 3 protons
7.10 Singlet Phenyl 5 protons
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Fraction (2)

IR (thin film)

1710(s) (C=0) cm *

NMR (OC14) 30 MHz

8 integrals multiplicity groups
0.9 = 1.2 6 Doublet Methyl
1.6 - 3.0 1 Septet Methine
3.9 2 Singlet Methylene
7.2 5 Singlet Phenyl
4 - a-~-14: Magnesium in Tetrahydrofuran (THF)

2-Chloro-4,4-dimethyl-2-phenylthietan-3-one (7.75g, 0.034 mole) in

THE (30 ml) was slowly added to magnesium (1.4g, 0.058 mole) in THF

(30 ml). Methanol (7 ml) was added to the mixture after refluxing for
one day. The reaction mixture was allowed to stand at room temperature
for two days. Sulfuric acid (1N) was slowly added to the solution at
such a rate that the reaction was kept steadily refluxing. The organic
compound was extracted using ether and the resulting liquid was distilled
after removing the diethyl ether. b.p. = 63°/O.lnm/Hg.

The product was benzyl isopropyl ketone.

IR (thin film)

3075 (w) 3040 (m) 2980 (s) 2940 (w) 1710(s) (C=0)

1600 (w) 1495 (m) 1455 (m) 1380 (w) 1040 (s)

730(s)  690(s) cn *
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NMR (CC14} 30 MHz

8 multiplicity groups integrals
l.o Doublet Methyl 6 protons
1.6 = 3.9 Septet Methine 1 proton
3.5 Singlet Methylene 2 protons
T2 Singlet Phenyl 5 protons
4 =g =153 Zinc

2-Chloro-4,4-dimethyl-2-phenylthietan-3-one (2.63g, 0.011 mole) in dry
ether was added to zinc (2.71g,«042 mole). The reaction mixture was
stirred for fifteen minutes. Methanol (4.5 ml) was then added to the
reaction mixture which was then stirred overnight at room temperature.
The organic compound was separated using diethyl ether. The spectroscopic

data of the resulting compound vere similar to those of (4-a-13).

4 - a-l16: Sulfuryl chloride.

Sulfuryl chloride (0.28 mole, 30 ml) was added to 2-chloro-4,4-dimethyl-
2-phenylthietan-3-one (0.04 mole, 10g) at room temperature.

Pyridine was slowly added to the mixture and the reaction mixture was then
heated at 45-50° for one day (24 hrs). The excess of thionyl chloride
was removed using a rotary evaporator. Pyridine hydrochloride was
filtered off and the resulting thick oil was eluted from a silica gel

colum using chloroform.
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Fraction 1 was a mixture of fraction 2 and some impurity (side

reaction) in low yield.

Fraction 2

The chloroform was removed under reduced pressure. The resulting

colourless oil was kept at (-200) overnight. The white solid was

filtered off in the oold to give 1,1, 3,4-tetrachloro-3-methyl-l-phenylbutan-

o

2-one. m.p = 35 Yield = 55%
IR (CC1,)
3080 (m) 3040 (W) 2980 (m) 2940 (m) 2880 (w)
1730(s) (C=0) 1600 (w) 1500 (m) 1445 (g)
1420 (m) 1380(s)  1180(m) 1030(s) cm -
Elemental analysisof C,;H, C1,0
C H
Found 44.9 3.5 %
Calculated 44.0 3:30%
MR (CCL) 30 MHz
5 multiplicity groups integrals
1.9 Singlet Methyl 3 protons
3.7 = 4.4 Two Doublet Methylene 2 protons
7.6 Multiplet Phenyl 5 protons
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The mass spectrum of 1,1, 3,4-tetrachloro-3-methyl-1-phenylbutan-2-one

showed a molecular ion peak at 298 mass units (Table 20).

The relative intensity of chlorine isotopes in the molecular ion in

the mass spectrum showed the presence of four chlorine atoms in the

molecule.

Accurate mass spectrum ofl,1, 3, 4-tetrachloro-3-methyl-1-phenylbutan-2-

one of an ion at m/e 298.

m/e molecular formula | given molecular | calculated error
weight molecular wt.
298 Cy1H,,C140 297.94857 297.94879 0. 7ppm
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Table (20)

Mass spectrum of 1,1, 3,4-tetrachloro-3-methyl-1-phenylbutan-2-one

139, 141, 143

m/e Fragments
S
: [
aa 2 o
T
263, 265, 267, 269 CH " =0wp - =Ch
c1 c1
e
228, 230, 232 65 e e
c1
?*3
t
193, 195 o) et
o
c1
0
5 I
161 CH: - & -C=am,
H
159, 161, 163 CH & -l
675 |
cl
CH
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4 =D : The irradiation of 2,4-dichloro-2,4-dimethylthietan-3-one.

For this experiment a daylight cabinet fitted with a U.V. fluorescent
lamp was used. The maximum energy given to the sample is over the range
360 - 380 nm and corresponds to ~700 mw/m2/nm of mean radiant £lux.
The sample was dissolved in cyclohexane and placedin a quartz tube and

periodically analyzed by infrared spectroscopy.

1=V The reaction of 2-chloro-4-ethyl-4-methyl-2-phenylthietan-3-

one with Morpholine

Morpholine (1.76g, 0.02 mole) in diethyl ether (20 ml) was added to
2-chloro-4-ethyl-4-methyl-2-phenylthietan-3-cne (2.4g, 0.01 mole) in
diethyl ether (20 ml) at (15 - 200) . The reaction mixture was stirred for
three days at room temperature and the morpholine hydrochloride was
filtered off. The ether was evaporated off using a rotary evaporator.

The following spectroscopic data were taken before distillation.
The product was 2-ethyl-2-methyl-4-morpholino-4-phenvlthietan-3-one.

IR (thin film)

3060 (m) 2980(s) 2860(s) 1760(s) C=0
1670 (w) 1630 w) 1600 (W) 1490 {m)

1440 (s) 1370 (m) 1270(s) 1110(s)
800(s) cm
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NMR (CC.lé) 60 MHZ

8 multiplicity groups
0.8 = 4.1 Mualtiplet Ethyl
1.45 Singlet Methyl (1)
1.7 Singlet Methyl (2)
AT
2.9 ME-1:.1'1ylene--CI-I2 CH.?_
Triplet (d)
2,95 Singlet (b) Methylene—CE-IZC:[-I3
~9%
3.65 Triplet (d) 1*~‘.iethylene-(:[—l2 CIHZ-
175 Multiplet Phenyl

The ratio of protons of Methyl (1) to Methyl (2) is 0.73. The resulting
yellow oil was eluted from an alumina (A1203} ocolum using carbon

tetrachloride.
Fraction 1 IR and NMR spectra were similar to the above.
Fraction 2

IR (thin film)

1760(s)(CO) 1670 () 1600 () 14401s) em -
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NR (CC1) 60 MEz

) multiplicity groups
0.8-1.2:0 Multiplet Ethyl
1.50 Singlet Methyl (1)

o N N
2.:50 Singlet (b) Methylene—CHz C‘Hz—
2.95 Singlet (b) Methylene—CI-I2—CS{3
P R N

3.65 Triplet(d) Methylene -CHz C‘.I-Iz-
1:75 Multiplet Phenyl

Comparing the NMR spectra before chromatography with fraction 2, showed

the disappearance of some of the peaks at 0.8 - 1.1 ppm and a peak at

1.7 ppm (Methyl 2). Figure 10 shows the -°C nuclear magnetic

resonance spectrum of 2-ethyl-2 -methyl-4-morpholino-4-phenylthietan-3-one

ard mapholine.
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4 - 'ds The reaction of 4-benzylidene-2,2-dimethylthietan-3-one

with thionyl chloride in the presence of pyridine

4-Benzylidene-2,2-dimethylthietan-3-one (2g, 0.0l mole) was refluxed

for eight days with a large excess of thionyl chloride (10 ml) and a small
amount of pyridine (0.1 ml). The excess of thionyl chloride was
evaporated off. A thick oil was eluted from a silica gel colum using
petroleum ether (40 - 60°) and diethyl ether in a 10:1 ratio. The
resulting fraction 1 was kept at -20° overnight and at room temperature for
two days. The yellow solid was washed with a small amount of cold

petroleum-ether (40 - 60°) to give 2-chloro-2-(a-chloro-a-chlorosulfenyl—

benzyl) -4 ,4-dimethylthietan-3-one. m.p. = 65 - 67°. Yield = 50%

IR (KBr disc)

3075 (vw) 2985 (W) 2940 W) 2860 (vw) 1780(s) (C=0)

1450(s) 1370 w) 1190 (m) 1130(s) 950 (m)

770(S) 7306)  7006)  650(M cm t
NMR (CCl 4} 60 MHz
) multiplicity groups integrals

Jsas Singlet Methyl 3 protons
1.85 Singlet Methyl 3 protons
765 Singlet Phenyl 5 protons

The mass spectrum of 2-chloro-2-(a-chloro-a~chlorosulfenylbenzyl) —4,4-

dimethylthietan-3-one showed a molecular ion peak at 340 mass units (Table 21).
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Accurate mass spectrum of ions atm/e340 and 308

m/e | molecular formula | calculated molecular given error
weight molecular wt.

308 C12H11C13OS 307.96082 307.95961 3.9%ppm

340 C]_ZH]_lClBOSz 339.93305 339.93168 4 .Oppm

The existence of three chlorine atams in the molecule was confirmed by

measuring the relative intensity of peaks at M, M{2, M+4 and M+6.

5



Table (21)
Mass spectrum of 2-chloro-2-(a—-chloro-a-chlorosulfenylbenzyl)-4,4-

dimethylthietan—-3-one.

m/e Fragments

340,342,344, 346

308, 310, 312, 314

& B
a7 NG v i
305,307;309 C H--C S

270, 272 CH-CT=C c
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(Table 21) continued

m/e Fragments
cl CH,
A A
c—=c
2 B AN
245, 247, 249 H & S CH
65 3
c1
0
I
L CH,
238, 240 C.H~-C =C c

203

175
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CHAPTER 5

PREPARATION OF SULFINYL CHLORIDES AND
THIETANONES AND THE REACTIONS OF KETONES
AND SULFINYL CHLORIDES
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DISCUSSION

CHAPTER FIVE

Introduction -

In this part the structures, stereochemistry of the products and the

possible mechanism of the reactions will be discussed.

5 = Preparation of sulfinvl chlorides and thietanones and the reactions of
ketones and sulfinyl chlorides.

5 - a : The sulfinyl chlorides -

Ketones on treatment with thionyl chloride give a variety of products
depending upon the number of «, c;—-protons present. Ketones containing
one alpha proton afforded g-ketosulfinyl chlorides. g-Ketosulfinyl
chlorides are intermediates in the reaction between certain ketones and
thionyl chloride. Ketones with three protons, two in the a-position
and one in the af—position, e.g. ethyl isopropyl and benzyl isopropyl
ketone when treated with thionyl chloride give the chlorothietan-3-ones
as a final product and g-ketosulfinyl chlorides have been proposed 18 as
intermediates. Isopropyl methyl ketone with four protons, three in the
a-position and one in the a-position, and di-isopropyl ketone with two
protons, one in the a-position and one in the o-position gave the

g-keto sulfinyl chlorides. The B-ketosulfinyl chlorides of these
ketones are stable enough for isolation before further reaction with.
thionyl chloride. In all the sulfinyl chlorides studied the sulfoxide
absorption in the infrared gave a strong band at 1150 £ cm-l.

The proton magnetic resonance spectra of sulfinyl chlorides provided
much information for the assigmnment of the structure. In most of the
sulfinyl chlorides the gem—dimethyl group absorbed as two singlets
instead of one, this doubling is due to a diastereotopic effect. The
pattern of the spectrum changes with changes in the polarity of the

solvent arployed(?’g) . The optical stability of the chlorosulfinyl group
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(77,34,35).

has been studied The tetrahedral sulfur atam of the

chlorosulfinyl group S O'Cl can Induce magnetic nonequivalence of the

(39)

geminal groups Thus the sulf?nyf chloride group acts as an

asymmetric group and causes nonequivalence in the molecule.

Vandervlies (78)

concluded that two structural requirements are necessary
for the "doubling effect" to take place in same isopropyl esters.

Firstly the molecule should possess an asymmetric centre and secondly
it should possess a phenyl ring or alternativelv an aramatic solvent
such as benzene should be used. Gupta et al.(39) have found that these
conditions are umnecessary. Thus in certain cases quite large shifts
are found for purely aliphatic sulfinyl chlorides in the absence of

any solvent.,

The mass spectroscopy of sulfinyl chlorides does not appear to have
been reported in the literature.pmeyerson et ai(.n)and his ¢z workers
sucgested that cyclic sulfoxides usually lose sulfur monaxicde in the
masz spectrum. The mass spectrum of the g-ketosulfinyl chlorides
does nct generally show a parent ion, e.g. the mass spectrum of
3-chlorosulfinyl-3-methylbutan-3-cne does no: show a parent ion.

Tre majcr fragmert produced is ketone (C) 2nd peaks at "%216,2].8 anG 18]

ars possibie due to A and B respectively, X is 52 ox 502. Thers is
no firm evidence to support the existence of 802 or 82 .

123



-
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X=8, or SO A
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CH
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CH3'-C—C—S-X
- IOI I
e
v B
Uil
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|
CH, >

Analysis using gas-liquid chromatography was not successful for the
determination c;f the purity of the g-ketosulfinyl chlorides because of
the high reactivity of these compounds. Finally g-ketosulfinyl
chlorides decompose very quickly at room temperature in a similar

(80)

manner to alkanesulfinyl chlorides However, g-~ketosulfinyl

chlorides can be stored for several months at low temperatures (-20°) .

5-Db : Thietanones .

Certain ketones with thionyl chloride give the four-membered ring of

the 2-chlorothietan-3-ones. The carbonyl absorption of these carpot;rlds
has a band at 1780 am T in the infrared spectrum. The increase in
frequency occurs because the carbonyl vibration in the 2-chlorothietanone
is strongly coupled to the C-C single bond vibrations. A carbon-carbon
bond adjacent to a carbonyl group has almost sp2 character. According
to Baeyer when closed chains or rings were formed, the valence bonds

of carbon atoms become diverted from their normal tetrahedral direction

and therefore possess angle strain.
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The ring strain shifts the absorption value to a higher wave number.
Smaller rings require the use of more p-character in making the C-C bonds
meet the requisite small angles (recall the trend sp = 3.85, sp2 = 1200

sp3 = 109g, sp)?’ =< 109.«.: ). This removes p-character from the sigma

bond of the double bond, but gives it more s-character, thus strengthening
and stiffening the double bond. The force constant k is then increased

and the absorption frequency increases.

increased p character
due to angle requirements

m system.

= C increases s character
6@;3 strengthens s bond of

(0]
ll\ OJ.
\/ / ,——-.. ' \/\/o
3y L1
C CI strain and electron
R IA X RSN At withdrawing effect raises
C C c C C= o frequency.
s U et Ngv N

1715 — 1760

strain raises T = O freguency
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5 =-Db -1 : 2-Chloro-4,4-dimethyl-2-phenylthietan-3-one -

The treatment of benzyl isopropyl ketone with thionyl chloride gave the

2-chlorothietan-3—-one ] 6.

¥ e 0 ?*3
CH 11
BB 2 = . =iCH +SOC12—>C6H5—CH2-C-C
I e |
0
Gy Gy
15
0
N
C.H C CH
s
% /\c/3
/\S/\
)
Gl C:[-I3
16

Spectroscopic data confirmed structure }s. Infrared spectra showed

a peak at 1780cm *

due to the carbonyl group. Protons of the two
methyl and phenyl groups absorbed at § = 1.4, 1.75 and 7.35ppm
respectively in the nuclear magnetic resonance spectrum. The mass
spectrum of the 2-chlorothietan-3-one|s gave molecular ion peaks

at 226 and 228 mass units confirming the formation of the 2-chloro-
thietanone js. The relative intensity of peaks 226 and 228 was 1:3

which showed the existence of one chlorine atom in the molecule.

The intensity ratio of molecular ion clusters due to halogen isotopes

may be calculated by the expansion (a + b)T (a is the abundance of the

lighter isotope, b is the abundance of the heavier isotope and n is the

number of the halogen atoms)
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5-b-2: 2-Chloro-2,4,4-trimethylthietan-3-cne .

The treatment of ethyl isopropyl ketone with thionyl chloride gave 55.

0
C.'L'I3 CE C CH3
# e
Gy = CHH < € = CH +SOClz--4,-C C 55
3 2 & by 35
O cH, @i, WS CH,

The position of the carbonyl gréup of the chlorothietancne 55 is at
1780cm L in the infrared spectrum and the chemical shifts of the protons

of the three methyl groups are at § = 2, 1.85 and 1.58 ppm in the

nuclear magnetic spectrum.

The structure of the unsaturated compound formed from the reaction of

ethyl isopropyl ketone with thionyl chloride in the presence of pyridine
at 0° (see Page 40) is thought to be 2,2-dimethyl-4-methylenethietan-3-
one. However, the anamalous NMR spectra (Page 40) showing two peaks for

the two methyl groups must cast some doubt on this.

Ethyl and benzyl isopropyl ketones with thionyl chloride give the
g-ketosulfinyl chlorides in the first stage. The reaction might go by

scheme a or b.

Scheme a : Electrophilic attack at the hydroxyl group of the encl.

?*3 ?{3
= = - ) - - = +
Cells CH, ﬁ ? i ooees, CH, (4: cl: Socl,
ci, OH G,
BJ/
=
]
cH, CH,
| b of
CGHS—C}Iz—FI-iC-CH3-E—-_C6H5 cH, o twie <uch,
o soc1 o n il
u\ﬁ - L
0
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Scheme b : Nucleophili¢- attack¢f the carbon-carbon double bond.

CH
0 b T
Csﬂs—C}iz-C-CH\ —-————»CGH5~{I-12—C=C\
CHB CI-I3
CH (o CH
s | /3
Cot- et O =~ HiCS =" = ClHe = CH, = C. = C
2
65 / 0 s 2 AR
CH, S CH,
o \‘0
1N\ i
aa , c /
O 5l B
Ll
HEl + CHe =G, - C = £=150C1
I
L G-I3
#1) suggested the formation of the g-ketosulfinyl chlorides occurs
Gupta

via the enolic form. Evidence which supported the theory that attack
Occurred at the enol form came from the treatment of isobutyronitrile
and isopropyl acetate with thionyl chlorideuﬂ . However, in both
scheme a and b the enolic form has an important role and the existence
of a carbonyl group attached to the isopropyl group is essential for
the formation of the sulfinyl chlorides, but there is no firm evideqce
to support scheme a or scheme b. The g-ketosufinyl chloride 15 cyclizes
to the chlorothietan-3-one 16. Cyclization probably proceeds via the
Cyclic sulfoxide which is thus converted to the chlorothietan-3-one by

an Hel1-Volhard-Zelinsky process[8l' B2) :
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CH jo' X
3

C.H o C.H C CH
s 65\/\/m3soc165\/\/3
Clg- G, ~C=C-80ck ——, "¢ c 2 c c :
f / /N / P
CH s cl E
3 s
Ao i
15 o)
56 16

Bordwell and Pitt(al) examined the reaction of sulfoxides with thionyl
chloride. Thiacyclopentane l-oxide with thionyl chloride gave

2-chlorothiacyclopentane. They suggested the reaction goes via
mechanism a or b.

/\ /\+SOC12—-——> \f " \ B /\‘/\ +802C12
_ o ?j S

a7y

Gy = th
(]
’_J
0
|
(@]

8

129



We tried to prepare the cyclic sulfoxide 56 by methods I and II so that
the mechanism could be further studied.

I. 2An attempt was made to prepare 56 by treating the sulfinyl chloride 15

with aluminium chloride, triethylamine or pyridine.

Gt iy
R Ll Phe G E00l S K Cells € CH,
65 2 | 3 ) \ AL
: C
CH . Kot
3 (CH) M H/ 4 \CH3
I
CHN
15 56

II. It was also envisaged that the cyclic sulfoxide 56 could be formed
by oxidation of 2, 2-dimethyl-4-phenylthietan-3-one 57. Several methods
were used for the preparation of the thietanone 57 and they are discussed
below.

1 - The reaction of 2-chloro-4, 4-dimethyl-2-phenylthietan-3-one with
magnesium followed by adding methanol to the mixture, the product was
the dithietanone 58 instead of thietanone 57. (The structure of the

thietanone 58is discussed in P.19g ).

0

11

CH &
65\/\/31%91 \/\C
/\/\ methanol /\/‘)r
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The treatment of the dibromoketones with sodium sulfide or sodium

hydrosulfide did not give thietanone 57 (see page 148 )

I

CH. € CH
CIH3 Na,S ’ 6\5 BN 7

’ C C

- -C-0C - +

o Wi el S R e ik
| o I NaHS 7 H s o
Br Br 3

57

5 = b = 3 :2«chloro-4-ethyl-4-methyl-2-phenylthietan-3-one.

3-Methyl-1-phenylpentan-2-one was treated with thionyl chloride. The

resulting campound could be the 2-chlorothietan-3-one 59.

0
I
CH. = C_H 2 CH.,-CH
CGH—CHZ—C—CE-I + SOCl, —— e C
: U g ? BR

0 CH3 & 8 cH
: 3

59

The infrared spectrum of the resulting campound showed a band at

1790 c:m-l due to a carbonyl group. The position of the carbonyl group
in the infrared spectrum confirmed the formation of a four-membered ring.
The carbonyl absorption of 2-chlorothietanone 59 is shifted about 70am™*
to a higher wave number when compared with the absorption of the carbonyl
group of benzyl ispropyl ketone (starting material) because of the
effect of strain in small rings (Baeyer theory) and a halogen atam on

carbon-2. The product59 was expected to have two isamers5%and 59.

i 0 ¢
. | g
C.H C CE,CH CH o CH
i e PN
Cz &4C i C c
e S A AR
cl S CH cl s CH.~ CH
i 0% w3
2% 59b
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The stereoisamer assignments can be made from nuclear magnetic resonance
spectra. The nuclear magnetic resonance of the product showed a
miltiplet at & = 0.75 - 1.35ppm due to the ethyl group, two singlets

at § = 1.5 and 1.9 ppm due to methyl protons (C-5 and C - 8) and a peak
at § = 7.3 pem due to the phenyl group. The chemical shift of methylene
protons (C-6) seems to be the same as that of the methyl at (C-7) and the
chemical shift of the protons of the methyl (C-5) was down field compared
to that of the methylene (C-6). These resulting shifts were unexpected.
The relative ratio of peaks at 1.9 and 1.5 is almost 1l:1. This evidence
shows that an equal percentage of both isomers is present. However,
proton nuclear magnetic resonance spectra of the product did not distinguish
sufficiently between the ethyl chemical shift for 5% and 58b (carbons 6,
7, 9 and 10). This information, however can easily be obtained from lBC
nuclear magnetic resonance spectroscopy and hence the presence of the
isomers can be verified. The 3¢ chemical shift (in parts per million)
of carbons in structure 59 are in pagei33z . There are different chemical
shifts for carbons 5, 6, 7, 8, 9 and, 1O respectively which is evidence

for the presence of two isomers.

1 0 5,8 5
(N} s
C6H5 o CH3 thietanone ketoneo C'H3
» Cg : \CJ/ C CHZ' IC! CH /
4 - =
65
e LN N
Cl S CI-12CH3 1 2 3 4 CHZC}B
6 7
50 9 10 By
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The chemical shift of the carbons in the ketone and thietanone (ppm)

13{2 Ketone Thietanone
1 129.49 129.93
2 47.03 33.085
3 211.74 190.17
4 48.54 31.97

(S ( 16.03 ( 18.96

( ( (

(8 (. = ( 18.64

(6 (25,9 ( 25.79

( ( (

(9 ( - ( 24.49

(7 {159 { 19.75

( ( (

( 10 L { 9.53

It was not possible to separate the two isamers fram the mixture by
distillation because of their instability to heat or by column

choramatography because of their instability to air.

The alkyl substituted aliphatic ketones whether acyclic or cyclic have

(83-85) -

carbonyl chemical shifts in the range 200-220 ppm a-BSubstitution

by a halogen atom results in a marked shielding of carbonyl resmances(ss'w) :

Placement of an gp2 centre o to a carbonyl function causes a shielding

of as much as lOppm(Bsﬁsa) .

The chemical shift of carbonyl carbon in
3-methyl-1-phenylpentan-2-one is 211.74ppm and the chemical shift of

carbonyl carbon in 2-chloro—-4-ethyl-4-methyl-2-phenylthietan-3-one is 190ppm.

By a-Substitution by halogen and sulfur causes a shielding of 20ppm
as expected. The mass spectra of chlorohydrocarbons has been studied
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by a number of mrkersgsg) . It has been found that tertiary alkyl

chlorides can lose the chlorine atam very easily and the relative abundances
of the mass ion of mM-Cl is 100%. Identification of the parent ions

in alkyl chlorides is not usually possible. The mass spectrum of
2-chloro—-4-ethyl-4-methyl-2-phenylthietan-3-one did not show a parent

ion at 240 mass units but gave a peak at 205 mass units due to structure

60 formed by the loss of a chlorine atam.

0 0
11
0 CH C.8 <L CH
6.5 3 65 3
\c/ \c/ AR \c/ \c/ 60
P Tk Ak, N AR =
cl 8. 10 0, S CH,CH,
240 m/e 205 m/e

5-b-4 : 4-Benzvlidene-2, 2-dimethylthietan-3-one

Treatment of 2-methyl-5-phenylpentan-3-one with thionyl chloride in the

presence cf pyridine gave 4-benzylidene-2, 2-dimethylthietan-3-one 17.

CH ©

3 3
: 1 |
X - » o idine ¥ i 33
CH. - OB, - G, C - cu + 80Cl, E’r—>C6H5CI-12CI'12 C ¢ socl
o \CI-I c,
3
0 0 5 &
o CH CH-HC C CH
e /3 65520 J 3
= c ~— @ (g
65 =
T 2 25 N
S c, ey cH,
17 62

The first stage gave the sulfinyl chloride 61 which was then converted
by further thionyl chloride to the chlorothietanone 62 and then
dehydrohalogenation could ensue to give the unsaturated compoundl? .'
The thietanone 62 has not been isolated but is presumed to be an

intermediate in the formation of thietanonel7 . Bands found at
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1610 818 1755cm  are due to a carbon-carbon Gouble bond (C=C) and a

carbonyl group respectively. The conjugation effect in the
benzylidenethietanone 17 lowers the carbonyl wave number. The C = C bond
adjacent to a carbonyl group results in delocalization of the

electrons in the carbonyl and double bonds. This conjugation increases
the single bond character of the C = O bond and, hence, lowers its force

constant, resulting in a lowering of the frequency of carbonyl abscrption.

co e
@ CH c CH
ek WU A R S S A
\C =/:'3 C/ A e C-—-C/ G
7 A g e N
S C!H3 S C}I3

17

A nuclear magnetic resonance spectrum showed singlets at § = 1.75 and
7.45ppm. The relative ratio of the two peaks was 1l:1. The peak at

§ = 1.75ppm was due to the two methyl groups and the peak at § = 7.45ppm
was due to the protons of the benzylidene group. The accurate mass

spectrum of the product confirmed the formation of the thietanone 17.

5-b=-5: 2,4-Dichloro-2,4-dimethylthietan-3-one.

Diethyl ketone in the presence of pyridine gave 2,4-dichloro-2, 4-

dimethylthietan-3-one 21.
0] 0

CHB @ C'.H3 i 8 ij CH3

pyridine ° / \ / o Ml

(CI'13CH2)2- C + SOCl2 _ s C = + & 2

o X =N LT
Gl S Cl CH3 3 Cl

21A 21B

— —

The infrared spectrum showed a peak at l?95cm-l due to the carbonyl group

of a four-membered ring. The mass spectrum of the product showed
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molecular ion peaks at 184, 186 and 188 mass units. An accurate mass
spectrum gave a molecular formula of C5H6C1208 which is in agreement with
the proposed structure. Two singlet peaks at § = 2.2 and § = 2.35 ppm
in the nuclear magnetic resonance spectrum were due to the methyl groups
in the isomers A and B. Two singlet peaks in the nuclear magnetic
resonance spectrum confirmed the formation of the cis - and trans-isamers.
The mixture of cis- and trans-isamers could not be separated by
distillation or chramatography. The question is which of the two peaks
at 6 = 2.2 and 2.35 ppm belongs to which isomer. Stereochemical studies
of many cyclic (four, five membered rings) and olefinic (disubstituted

ethylenes) campounds can be found in the literature (02 ~ 100)

From
these studies it has been concluded that the protons of trans-isomers
are generally downfield campared to the protons of the cis-isamer

e.g. the chemical shift of the methyl protons of cis- and trans-

1, 3-dichloro-1, 3-dimethylcyclobutane are at § = 1.69 and 1.86 ppm

respectively “O0) |
H \ e 3 S z H
E’: / \ p @3 5 =1.690m CH3\ /C\ =
/ . / i3 /C\ /C\
N Rl @’ e W or
B \H A e § = 1.86 ppm
cis trans

Thus the chemical shift of the cis- and trans-methyl protons of

2, 4-dichloro -2,4-dimethylthietan-3-one are probably at ¢ = 2.2 and 2.35 ppm

respectively.
o a
CH 2 CH § = 2.2ppm cl CH s
C C C C
LS LN AR
Cl S Cl CH S Cl

cis 136 trans



The percentage of each isamer was determined by the relative intensity

of the two peaks. The relative ratio of the peaks at § = 2.35 and

§ = 2.2ppm could be changed by using different conditions for their
preparation (experimental 2-d-4). In the first condition (at roam
temperature) the relative ratio of peaks at § = 2.35 to § = 2.2 ppm

was 3:2 and the melting point was 40 - 42°. In the second condition
(using heat) the relative ratio of peaks at ¢ = 2.35 to 6 = 2.2ppm was

7:3, melting point was 47-50°. In general the melting and boiling points
of trans-compounds are usually higher than cis-compounds (IRe-103) »
The higher melting point (using the second condition) suggested

a larger percentage of the trans-isamer and the nuclear magnetic resonance
spectrum of the product in these conditions showed an increase in the
intensity of the peak at § = 2.35ppm which suggest the peak at & = 2.35ppm
was due to the trans-isomer. However, cis- and trans-2, 3-dichloro-2 ,
3-dimethylbutene 2have been separated but there is no difference between
the chemical shifts of the trans- and cis- methyl protons ‘103

6cis = 2.2ppm atrans = 2.2ppm.

When the mixture of the cis- and trans- isamers was photo-irradiated,
Cis and trans isamerisation did not take place and the light catalyzed

the decomposition of the thietanone.

Ketones containing two protons in the o-position on treatment with thionyl
chloride gave the a-chloro-a-sulfenyl chloride derivatives. Higa et

4 - (104-106)

studied the reaction of certain ketones and carboxylic
acids with thionyl chloride. The carboxylic acid 63 and the kKetone 66
with thionyl chloride gave the a-chloro-a-sulfenyl chlorides 65 and 68

respectively.
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The sulfinyl chlorides 64 and 67 have been pmposed(loq-loa} as

intermediates in the formation of the sulfenyl chlorides 65 and 638

A lot of work has been done which confirms the reduction of sulfoxide

(107, 81) (107)

by thionyl chloride , e.g. the g-ketosulfoxide below

SOC12
R-C-CH, -8 ~-CH, —8— R-C-CH-8-CH
8 2 8 3 RR 3

Cl

Krubsack et al.(23) have investigated the mechanism of the formation of
the thietan-3-one. There are three possible routes for the formation

of the thietanone(23) .
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B : If for some reason electrophilic addition occurred at the methyl
carbon rather than at the methylene carbon then the following route

would be possible.
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C : The third possibility is.

socl 0
AR-Q{z—CH“C-CH]: E o
Ar-CH,~CH,~ C - Gy — '- \ c/ \c/
7% 5 \ Ar-Cil, Lol
= S H
Ar-mz-mz-ll—?xz
© soc1 72

2—s 71

Route A has been found to be correct. The mechanism of the reaction was
detected by chemical reactivity. The reaction of certain ketones with
thionyl chloride gave benzothiophene. If the chlorosulfenyl chloride
70 was the intermediate, it was not cbvious how a benzothiophene could
be formed. Hc.::weve.r, if the chlorosulfenyl chloride 69 was the
intermediate then it should be possible to explain the formation of the
thiophene.

(23)
XKrubsack et al. found that benzothiophenes form readily in a thionyl
chloride reaction when (a) there is an electron - withdrawing substituent
at the benzylic carbon atam (8 to the carbonyl group) or (b) there is a
strongly electron-donating ring substituent that can interact through
resonance with sulfur atam of the sulfenyl chloride group in a

nucleophilic displacement reaction.
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Finally the absence of thietanone formation in the case of the
3-hydrcxyl-derivative suggests the exclusive operation of the first (a)
rather than the second (b) mechanism. Pizey and Symeonides(la) have
studied the reaction of certain ketones containing two protons in the
a-position.Treatment of the propiophenones 73with thionyl chloride rapidly
gave the .sulfinyl chlorides 74 which.were slowly converted to the
a-chloro-a-sulfenyl chlorides 75. The preparation of the a-chloro—-o-

sulfenyl chloride confirmed the views of Krubsack et al.(23).'

Cl
R-ICI—Cl}I2+SCﬂz————»R-FI—C}I-I—R,—————-—)»R-—(I:'—(::-R/
(@) R’ 0 S0C1 0] sc1
3 7 5
R = C6H5 R’ = Me
R =M-02NC6H4 Rl el e

On these grounds, we were able to suggest a mechanism for the reaction
of the diethy| ketone with thionyl chloride. This reaction gave the
a~chloro-a-sulfenyl chloride in the first stage which then underwent
conversion to-2, 4-dichloro-2, 4-dimethylthietan-3-cne. The mechanism

of the reaction might be by route A or B.
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The evidence below supports the theory that the reaction goes by route B.
I: It is found that thionyl chloride is able to chlorinate methyl,

methylene or methine protons attached to sulfur atom (see p.161).

II: 2-Chlorosulfinyl-2, 4-dimethyl pentan-3-one with thionyl chloride
in the presence of pyridine did not give-2, 4-dichlorosulfinyl-2,
4-dimethylpentan-3-one hence, it is less likely to form the intermediate

of -2-chloro-2-chlorosulfenyl-4-chlorosulfinylpentan-3-one 76 .
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5-b-6: 2, 4-Diphenylthietan-3-one

Dibenzyl ketone was treated with thionyl chloride in the presence of
pyridine. The product was expected to be the dichlorothietanone 7,
since the treatment of diethyl ketone with thionyl chloride gave

2, 4-dichloro-2, 4-dimethylthietan-3-one 2| (see section (5-b-5)

(0]

C_H & E-H
(C HSQ-IZ) C & 80312 -—‘—) c C
: ANt X
Cl S Cl
7

A peak at 1790cm T in the infrared spectrum supported the idea of the

formation of a four-membered ring. However the nuclear magnetic
resonance spectrum did not agree with the structure of the dichloro-
thietanone 77. According to structure 77 phenyl protons should appear
at § = 7.3 ppm and there should be no other protons in the system.
However, in the spectrum recorded, there were two methine protons at

= 4.1 ppm, in addition to the ten phenyl protons at § = 7.65 ppm
(The chemical shift of methine protons attached to three different
electron-withdrawing group, carbonyl, sulfur and phenyl group is at
§ = 4-4.5ppm, e.g.the methine proton of thietan—3—one—l—dio:d.de(108) 2
Therefore the product obtained fram this reaction could be either of the
structures 782 or 78b. The mass spectrum of the product did not give a
parent ion at 240 mass units as expected, this fact was rationalized

in terms of the instability of the product.

0 o)
I
¢ CH. A H
Q\/\ﬁ O
(CEHsCH,), C + SOCL, ———> + C C
5 /\ /\ LN N
CE. B H CeH: S CeHe
7182 78b
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The product is unstable,and the colourless liquid changed to a white
solid in a short period of time. The melting point of the white solid

is TOOandtheinfra.redspectrmnofthe solid campound showed a peak

at l?OOcm-l. The appearance of a peak at l'?OOcm_l and disappearance

of a peak at 1790cmml showed the decamposition of the four membered ring.
The mass spectrum of the product (colourless liquid) gave mass ions
similar to these of the solid campound (decamposition).  Steric hindrance
prevented the chlorination and formation of a a=chloro-a-—chlorosulZenyl

campound as an intermediate.

5~-Db=-7 : Investigation of the planarity of thietanone and

thietanone derivatives.

Thietan-3-one was prepared by MaYer and FunS}Og) and the planarity of

this campound was studied using the far infrared and microwave region(63) 5

Investigation of the nuclear magnetic resonance spectrum of thietan-3-
one confirmed the planarity of the thietanone. The nuclear magnetic
resonance spectrum of thietan-3-one gave a singlet at o = 4.2pp‘n(110) §
If the ring was not planar, there would be a chemical shift difference

between the two gem protons A and B of the thietanone.

0
I
H 24 H
\/\/A
& C
e A
H S

i

If the ring was planar the chemical shift of the protons A and B

would be equivalent.

144



The nuclear magnetic resonance spectrum of 2-chloro-4, 4-dimethyl
2-phenylthietan-3-one showed two singlet peaks for the methyl protons
which is agreement with ring planarity. If the ring was not planar
protons of the thietanone 16 in the nuclear magnetic resonance spectrum
should show four singlet peaks, two singlets for structurel6éa and two

singlets for structure 16b. (Figures 11 and 12).

0 0
17 27
Cl C CH C_.H C CH
e Sl N AT
& Cc = 2
RN 4 Noumibe
CGI-I5 s C'H3 Cl S CH3
1l6a 16b

For further evidence the thietanone 17 was studied. This has only

one group attached to carbon—4 .

(@]
I
(02
VE S 3
CHCH = Cé4 2C
- \'/ \
S CH3
17

The nuclear magnetic resonance spectrum showed only one singlet
corresponding to the six methyl protons thus confirming that this

molecule is planar. (Figures 11 and 12).
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Fig. 11

Photograph of a model of 2,2,4,4-tetramethylthietan-3-one.




Fig. 12

Photograph of a model of 2-chloro-4,4-dimethyl-2-phenylthietan-3-one.




5 - c : The reacticn of a dibramoketone with sodium

sulfide and sodium hydrosulfide.

5-c=-1 : Dibromketone with sodium hydrosulfide

The reaction of 1, 3-dibramo-3-methyl-l-phenylbutan-2-one with sodium

hydrosulfide gave a mixture of the dithiols 72 and &0,

Clﬂa T
C i o et R - ey
(Hs C}‘.H c ? CH, + NaSH — CH, C]IH cI:I ci CH,
Br ° =Br Si O SH
79
o 5 0 ?‘3
|
CH -C-C=t S-C=C~C~ SH
| | I | |3
SH cH, Gl cH,
€0

The mixture was separated by vacuum distillation and two fractions were
collected with boiling points of 82-88° and 90-98°/0.05mm/Hg.  The
fraction boiling at (82-88°) was found to be the dithiol 72 and the
fraction boiling at (90-98°) was found to be the dithiol 80.

Analysis of first fraction :

The infrared spectrum showed peaks at 2560 and 1715am - due to thiol

(S - H) and carbonyl groupsrespectively. Proton nuclear nﬁngétic
resonance analysis showed that the chemical shift of the methine proton
of the dithiol 79 had shifted to high field at § = 3.8 ppm when campared
with the methine proton of the dibramoketone. The S - H proton appeared

at § = 3.15 ppm. The relative intensity of the peak at 3.8 to the peak at
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3.15 ppm is 1:2 which made it easy to differentiate ketween the methine
and thiol proton. The mass spectrum of the dithiol 79 is expected to

(111)

be similar to those of other thiols. ILevy and Stahl have

studied the mass spectrum of thiol campounds. Fragmentation of these

campounds gave ions A, B and C in high abundance.

+
R-CH,-QL,-SH— (i, = SH+ .GLR A
b 2 R
R-CH,-CH -S8— (i, = Ci~-8H, +R B
SH
! +
Gl = CrCfgs =% B8 = M-CH * .CH €
H

Loss of hydrogen sulfide is another probable fragmentation mode in

thiols (111 . The mass spectrum of the dithiocl78 was found to be
dissimilar to the general patterns of thiols. In this campound the major
fragments are D, E and F. However, the dithiol 7¢ did not show a parent
ion peak at 226 but the existence of fragments D, E and F suggested

the formation of the dithiol79

0
3 - i
! ™2 P -
CGHS—C!:H-IC{-?—G'I3H—2!‘ C6H5—ﬁ. (f—/Q'I2+H
s 2 enm CH,
K7
78 %J,I' D m/e = 189
0
I
CH CH
& 3 i
+/ \ / =) + /
Gells — ¢ —¢ ——— CcH -C=C
\ \
iy Gy
E m/e =159 F m/e = 131
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Analysis of the second fraction :

The infrared spectrum of this fractionshowed peaks at 1715 and 2560 an *
due to the carbonyl and thiol groups respectively. The nuclear magnetic
resonance spectrum showed two different methyl peaks at 6§ = 1.3 and
1.55 ppm, two different methine peaks at 6 = 3.9 and 4 ppm and a phenyl
ring at § =7.25 ppm. At first sight this information suggests there

is a mixture of dithiol 79 and dithiolanone 81

0 (Iﬂa 0
|
CH -CH - C -C- cy, NS, cnca—c—c—c:ﬁ %
65§ ; 3 675
Br Br SH S_—s

795 8l
but further information suggested that this campound was in fact pure
and is neither of these. The dithiolanone8l was prepared by the
reaction of a dibromoketone with sodium sulfide, the chemical shift of
the methyl and methine protons of this campound was different to that
shown in the nuclear magnetic spectrum of fraction 2, (see 5-c-2).
The mass spectrum of fraction 2 gave an ion at rﬂe 576 and the
fragmentation patterns were different to those of the dithiol 7% and the
dithiolanone 8l. The high mass ion in the mass spectrum suggested
polymerisation occurred during the reaction. The product therefore could
be a polymer containing a thiol group, two different methine and methyl

groups. This polymer might be the dithiol 80.

e ok o'
06H5~c|11—ﬁ—c|:—m3+waﬂs——> csﬂs—ﬁﬂ—c-c-&s—cu-c—c)-SH
)
Br Br SH CHy CgHy CH,
80 n=3
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The existence of ions at ’Dé. 576, 224, 192 and 191 in the mass spectrum

is due to A, B, C and D.

0 ?*3 0 C;H3
11
CGHS-?%—C-? s-ﬁni-c—?+3SH
SH CH, CeHs CH,
/ \ O
I .
0 ?H3 Se s Gl
CH -C=C=C~0H /
T + 3 /
S B by L C[-I3
A m/e = 191 \ _]gm/e=224
= ik
0 +
CcH & c:lj ks
65/ 3 Io| 8
SH, + >\ - S~-CH-C-~-C.
| |
H S CH, - CeHs CHy, |3
cm/e =192 ~ D,mle =576 J

5 — ¢ - 2 : Dibromoketone with Sodium Sulfide

i 3-Dibramo-3-methyl-1-phenylbutan-2-one was treated with sodium
sulfide. Analysis of the product suggested the presence of a mixture of

the ketone  bramoketone and dithiolanone @_

Sefs O

CH3 | CH3
; \/\
C.H -CH-C~-=C~-CH, + Na,S, 95,0 —> /
65 | (™t 3 2 2 /\ /\
Br 0 Br i g 3 CH3
81

——
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The carbonyl group of dithichnone 8l gave a peak at 1725 an © in

the infrared spectrum. The two methyl groups in dithiolanone 81

have different chemical shifts at 6§ = 1.5 and 1.6 ppm in the nuclear
magnetic resonance spectrum as expected. A single peak at § = 4.7 ppm
is due to methine proton. The mass spectrum of the dithiolanone 81
showed a parent ion at 224 mass units in high abundance. The ions

M~ SZ' .M-CDandM-Sz-CDweredetectedmthespectrm‘nofthe

dithiolanone 8L

(@]
.+

65 CH, /CH3
-Co
H \CH3 ! CGHS'CH“C\
— | | CH,
i o
81 = -
0
) cHi o cH
A 65 3
\ /C——C\
H CH,
H CHBT
e >l
C = C
v . ¢
Ce's CH,y

5 -d : Preparation of the g-ketosulfenyl chlorides

Several conditions have been used for the preparation of 3-chlorosulfenyl

=3-methyl-1-phenylbutan-2-one.

I : The treatment of one equivalent of benzyl isopropyl ketone in

carbon tetrachloride with sulfur dichloride at rcom temperature

152



probably gave a mixture of starting material, the sulfenyl chloride 82

and the thietanonel.g.

CH cH
< 3 |3
CGHS-C‘BZ—iCI-—CH L s c6H5-c:i2-c|:|—ci:-sc1
0 S cH o &
3 0 CH, 82
C_H s CH
o 65\/ N P
C c
Vi o, A
c S CH,
16

In this reaction the rate of cyclization is slower than the rate of

formation of sulfenyl chloride.

¢
|
CH, Cl C CH,
| \ # \ Vi
0 )
CH, Cefg, ~ ° CH,
32 16

The position of the carbonyl group of the thietanone 16 and the
sulfenyl chloride 82 were at 1780 and 1710am * respectively. The
separation of the mixture is not possible by distillation. This

could be due to reaction of the thietanonel€ with the sulfenyl

chloride 82 .
0
11
B 31 @ CH Cl C
(& & + R= SClL — CGHE-C-C-C-S—S-R
S A | |
(6 | S CH3 €l C.:-13
16 82
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R = CH -4, ~C-0Cr

* IT : Harris and feisst(-lm)have prepared the sunfenyl chloride 83 in low
yield by treating di-isopropyl ketone with sulfur dichloride in the

pPresence of aluminium chloride.

i, CH, ’ cH,
| A1CL, ¢ ]
CHy - CH-C-Qi+SClL, —> CH-C-C-scl
; l i
(8] =
& Gy Hy S
83
cH ‘ol CH CH CH CH
A, 0. s ' 52 2.0 T
M-C-C-8-8=S=-C=C=C=H #H €=C=C=8§=8
o l R TR 7 | i
CH, cH, CHSO i, CH, CH, c1

The same conditions were used for the preparation of the sulfenyl

chloride 82 . This reaction gave several campounds. Analysis of one
of the fractions showed the presence of a mixture of thietancne 57 and
the sulfenyl choride 82. The formation of the thietanone 57was found
after distillation. 1In fact some of the sulfenyl chloride 82 chanhged

to thietanone 57 during the distillation.
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The carbonyl absorption of thietanone57 is at 1765 an Y, in the infrared

spectrum. The single peaks at § = 1.5, 1.8 and 3.95 ppm are due to
the two methyls and methine protons. The single peak at ¢ = 1.5 ppm
could be due to two methyl groups in the sulfenyl chloride and these
have the same shift as one of the methyl groups of the thietanone S
The peak at § = 3.35 ppm was probably due to the methylene protons of
the sulfenyl chloride 82. The reaction of benzyl isopropvl ketone
with sulfur dichloride in the presence of aluminium chloride could

also give a thiacyclic compound 84.

ﬁH3 scl, H
CH -CH,.-C-CH —— CH -CH,~-C-C~-SCl+x+
65 2 e 65 B ¥
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We tried to increase the amount of the sulfenyl chloride €2 and decrease
the side reactions by using pyridine as a catalyst. However, by using
a smali amount of pyridine the reaction gave the sulfenyl chloride82 ,
but the product decomposed under distillation. The nuclear magnetic
sﬁaectmm of the crude product showed peaks at § = 1.4, 3.85 and 7.2 ppm
due to six methyl protons, two methylene and five phenyl protons.

These peaks confirmed the existence of the sulfenyl chloride 82

in the mixture.

5 - e : The reactions of the sulfinyl chlorides -

5 - e - 1 : 2-Chlorosulfinyl-2, 4-dimethylpentan-3-one .

The reaction of the sulfinyl chloride 9 with thionyl chloride in the
presence of aluminium chloride was studied by Pizey et Shid
They found the sulfinyl chloride 2 did not react with thionyl chloride

under this condition. Non-reactivity was rationalized(?’s)

in terms

of non-formation of the enol form. The nuclear magnetic resonance
spectrum of the sulfinyl chloride 9 showed it to exist as the keto
rather than the enol form. For further investigation the di-isopropyl
ketone was treated with excess sulfuryl chloride and only the
monosubstituted product was fomed(36) ’ Guptatzﬂ reported that the
sulfinyl chloride 9 with thionyl chloride in the presence of pyridine

at roam temperature gave the thietanone 10.
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However when the same reaction was done under similar conditions the
resulting campound was found not to be the thietancne 10O,

In the infrared spectrum there was not a carbonyl group at 1765cm +

as expected for structure-10. The position of the carbenyl group

of the resulting campound was similar to that of the starting material.

When the reaction mixture was refluxed for four days in the presence

of pyridine, the infrared spectrum showed the presence of a carbonyl

group in a five membered ring. The proton nuclear magnetic resonance spectrun
showed four singlet peaks. The product was distilled under vacuum and

0
the fraction boiling at 84-86/4mmHg was collected.

Treatment of the sulfinyl chloride 9 with thionyl chloride was

expected to give thietanone l-oxide 85.

0]
CH CH CH c CH
CH - C - C - SOCL + SOCL, ——s C C
by 7 e R A ¥
CHy CH CHy .S. Gy
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|wo
(00
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The thietanone l-oxide 85 (43, L18) e been reported to be a white
solid with a melting point of 106° having carbonyl and sulfoxide

1

infrared absorbances at 1705 and 1070cm ~ respectively. Furthermore

the methyl protons of the thietanone l-oxide 85 gave singlets at

§ = 1.6 and 1.5 ppm 113/ 114)

)
However for the fraction that boiled at 84-86/4mm/Hg in our reaction
the spectroscopy data found did not correspond with that described for

the thietanone l-oxide 85.
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The infrared spectrum of the product showed strong peaks at 1750

and 1070cm * and the nuclear magnetic resonance spectrum showed peaks
at § = 1.6, 1.8 and 1.95 ppm. The mass spectrum showed a parent

ion peak at 246 mass units. The accurate mass spectrum gave the
molecular formula C.H,CI1,0S for the ion atm/e246. The relative
intensity of the peaks at 246, 248, 250 and 252 was 100:99:33:1, which
confirmed the existence of three chlorine atoms in the molecule.

None of the fragment patterns in the mass spectrum showed the
existence of sulfur monoxide (S = O) group. A peak due to sulfur
monoxide was not found at 48 mass units. If the bands at 1750 and
1070 am * are; due to carbonyl and sulfoxide groupsin the infrared spectrum
the molecular formula should have two oxygen atoms, hence a band at

1070am ™t

in the infrared spectrum does not belong to the sulfoxide
functional group (S = 0). The possible structure of fraction 2 is the

thiolanone 86.

pr CH

CH3 >/Y 3
c1 e
s
el
Cl

86

The major fragments in the mass spectrum are due to loss of HCI, (QO + Cl1)

and chlorine.
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The formation of the thiolancne 86 is presumably via the route shown.
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Bushby (114 discovered the sulfoxide 85 is thermally unstable and
undergoes rearrangements very similar to those of the penicillin
S-oxides (115). In this case the intermediate sulfenic acid 87
cyclizes both in the RSO + H and in the RS +OH sense, and both reactions
involve ring expansion. When the sulfoxide 85 is heated in refluxing

benzene, the resulting materials were 8%a and 89L.
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I C‘H
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CH3 /C\ /CH3 3\/ 3\ S
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= oo g
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0 CH,

On these grounds it is possible the treatment of the sulfinyl chloride

9 with thionyl chloride gave the thietanone l-oxide 85. The
thietanone l-oxide. 85 is unstable and undergoes ring opening to the sulfenijc
acid87 . The intermediate sulfenic acid 87 cyclizes to the thiolanone88 .
The chlorination of the = monochlorothiolanone 88 is possible by
thioryl chloride to give the trichlorcthiolanone §6. However thionyl
chloride is not usually a chlorinating agent for methylene protons, but
it is able to chlorinate methyl protons attached to sulfur atam e.q.
tert-butyl methyl sulfide with thionyl chloride gives tert-butyl

trichloraomethyl sulfide {1} ;

(CH3)3 = S—CH3 + S{'JCJ.2 —_— (CI-13)3C = S--CH2C1

lSOC].2

{CI"I3)3C = a— CCl3
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5 -2 -2 : 3-Chlorosulfinyl-3-methylbutan-2-one

The synthesis of the thietan l-oxide was attempted by treating the
sulfinyl chloride 90 with triethvlamine. Treatment of one equivalent

of the sulfinyl chloride with one equivalent of triethylamine gave one
equivalent of triethylamine hydrochloride, however the thietanone

l1-oxide 21 was not found (Infrared spectrum analysis show no high field
carbonyl group at 1780cm ~)nuclear magnetic rescnance spectrum analysis
did not show peaks for methyl protons (a, b) at 1.5, 1.4 ppm and methylene
protons at 6§ = 4-4.7 ppm in a relative intensity of 6:2. The elimination
of one proton is expected from the methyl protons in the o-position to the
carbonyl group. '

0

CH .
0 3 H { CH
I T f’ \ 7 sl 5,9 /f 3a
CH3-C-C—SOCl+Et3N—.«=—'> C i
| / ViR
CH3 H ﬁ CH3b
0
90 91

The thietanone l-oxide °1 may not have formed because of dimerization

of the reaction intermediate to give either structure 92 or93 .
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The spectroscopy data however, reject the formation of these structures

as well. The infrared spectrum of the product showed peaks at 1690,

1260, 1145 and 1070cm ©. The peak at 1690cm © is probably due to a
carbonyl group. The absorption frequencies of the sulfoxide group (S = 0)
could be at 1070 and ll45cm*l. The nuclear magnetic resonance spectrum
of the product gave peaks at § = 1.5 , 2.3 and 7.5 ppm in a relative
intensity of 12:3:1 respectively. The peaks at § = 1.5 and 2.3 ppm

of the product are in the same positionasinthe starting material (the

sulfinyl chloride 29).

A
B
h
GH, - C - C - soCl 920
I 1 =
0 CHB
§ = 2.3ppm § = 1.5ppm

From the integral of the spectrum of ‘the product of the reaction and

from a comparison of the chemical shift of the methyl groups of the
sulfinyl chloride 90° with those of the product, it was found that

there was one methyl group in position B and four methyl groups in position
A and the peak at § = 7.5 ppm was due to a methine joined to a carbonyl
group. The nuclear magnetic resonance and infrared spectra lead us

therefore to suggest scheme a for this reaction (described below) .

a : In the first stage loss of proton from methyl B.
The methylene protons of the campound 24 are more acidic than the
other protons so the methylene group can probably lose a proton in the

second stage.
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: -1
The absence of a carbonyl group at approximately 1760 = 1790 cm

in the infrared spectrum contradicts structure 95. However the
nuclear magnetic rescnance and infrared spectrum of the product are
correct for compound _9_4_5 but the C, H, S analysis of the product

showed a molecular formula ClOleSOBS - The mass spectrum gave a parent

ion peak at 298 mass units. The molecular formula of this ion was

clOH1802S 4 which is different from that suggested by elemental analysis.

Compound 97 agreed with the nuclear magnetic resonance and infrared

spectrq and C, H, S analysis.
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CHAPTER 6

THE REACTIONS OF THIETAN-3-ONES
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CHAPTER SIX

6: The reactions of thietanones .
6 - a: The nucleophilic reactions of thietanones .
INTRODUCTION

In recent years a new view of aliphatic substitutions has been
proposed.{ll-‘" 118) Sneen ulﬂhas contended that, in most, if
not all cases of substitution by an added nucleophile, nucleophilic
attack does not take place until the substrate has ionized, without

nucleophilic assistance, to at least the intimate ion-pair stage(eq.1)

(N)

Ky b o 05

RX ————3R X ———NR + X (1)
%
-1

The nucleophile is presumably thought to be more strongly attracted to
the cationic carbon than the neutral carbon in RX, and so performs the act
of substitution by anion interchange at the ion-pair stage. When

[N 0-]» [RXJO', the steady-state rate equation for Kobsd' the pseudo-
first-order rate constant, is given by

Kle[ ;1:]

Kobsa = !
obs =
X, +K2[Nj

There are two limiting cases:I: Kz[_N } >> Ky, SO Kobsd =K, and we have
rates independent of [Njand SNl—like process, II: K_1>>K2 [N] 'Kobs e
KK, [ﬁ%( so that the reaction is first order in [ﬁ} and second

=1

order overall. These two cases corresponding respectively to rate-
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limiting ionization and nucleophilic attack on a preformed ion pair,

are thus kinetically indistinguishable from SNl in the former limit and the
traditional SN2 in the latter. If, however, K_l= K2 [ﬁ] ,eq(2)shows that
the order with respect to [N] is between first and second, so that this

is a hypothetical borderline region.

6 — a - 1: Aminothietanones .

The treatment of one equivalent of the 2-chlorothietanone |6 with two
equivalentsof the amine (Piperidine, Morpholine or Pyrrolidine) gave

the thietanone 98

0

O i
c.u c cH C6"s c CH
o T e P A D

Ne = * B ——>HCLEH +  C c
i

c1 s cH, g7 Ng \CH3

16 ?8

4
S 5 e
4|\N/" {\
H

A Piperidine N7 g
H

B Morpholine s

o Pyrrolidine A B c

Analysis of 98A

The infrared spectrum of the piperidinothietanone 28A showed a strong

absorption band at l?60c:m-l. The carbonyl absorption of 98A is shifted

1

by about 20cm — to a lower wave-number when compared with the absorption

of the carbonyl group of the 2-chlorothietanone |6. The electron
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withdrawing and strain effect in the 2—chlorothietanone |6 raises the
carbonyl frequency to 1780cm_l (see page |24 ).

However, in the amincthietanone9g there is still strain, but electron
donation lowers the carbonyl stretch frequency to 1760cm L. On the other

hand the inductive effect of amino groups is less than that of a chlorine

atom.
0
b o
CH C CH - H c CH
65 3 65 3
Sl TS
o T " H g T
3 S CH3
= %
strain and electron withdrawing strain effect
effect
1

The appearance of new peaks at 1035 and 1230cms — might be due to a
carbon-nitrogen single bond stretching frequency in the infrared
spectrum. The nuclear magnetic resonance spectrum showed two single
peaks at & = 1.35, 1.6ppm due to two methyl groups, a broad singlet

peak at § = 2.5 ppm due to methylene protons (2,6). The chemical shift
of methylene protons (3,4,5) are at the same field as the methyl protons,
§ = 1.35-1.8ppm. The relative intensity of peaks at § = 1.35 = 1.8 ppm
to the peak at 6 = 2.5ppm is 12:4 which was correct for protons in

structure 98A.

The accurate mass spectrum of anien at %275 gave the molecular formula as

ClGHZlNOS and elemental analysis confirmed this molecular formula.
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Analysis of the morpholinothietanone 98B .

The carbonyl absorption frequency of the morpholinothietancne 98B is at

1755 o

in the infrared spectrum. The two methyl protons of 988 have
different chemical shifts at § = 1.3 and 1.5 ppm as expected. The
methylene protons gave two triplets at § = 2.3 and 3.6 ppm in the

nuclear magnetic resonance spectrum. The mass spectrum showed a parent ion
peak at 277 mass units. The accurate mass spectrum of an ion at % 277
gave the molecular formula as C15H19NOZS° The molecular formula

: ClSH]_QNOES was also obtained by elemental analysis.

Analysis of 98C .

This reaction proceeds similarly to those in which piperidine and
morpholine are nucleophiles. However the product is not as stable.

Heating causes cleavage of the C-S bond and decaomposition.

0 0
C.H C cH fe CH
/___\ 65\/\/3 RT 565\/\/ e
) K C\ i /C /C\
\g/ Cl/ \s/ CH, i b cH,
v i
16 2 98C

1 1

The infrared spectrum showed peaks at 1760cm — and 1020cm - due to the

carbonyl and C-N bonds respectively.
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The nuclear magnetic resonance spectrum showed a multiplet at § = 2.6ppm
due to the methylene protons 2 and 5. The methylene protons 3 and 4

are at the same field strength as the methyl protons. For this reason,
the two single peaks of the methyl protons are slightly deformed. The
mass spectrum of the thietanone 98C showed a molecular ion peak at 261
mass units. The accurate mass spectrum of an jon at .'2261 gave the molecular
formula as ClSHlBNOS'

The mass spectra of the thietanones 984, 98B and 98C exhibit a

detectable parent ion but the most abundant ions in the spectrum are mass
ions M-32, M-28 and M-60. The most important fragmentation pathway

involves the loss of a sulfur atom to form I, followed by loss of carbon

monoxide to form II. The fragment III is also found.

ITT /

X = Piperidine, Morpholine, lidine
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6 - a - 2: A study of the reaction pathway of the thietanone with amines .

It was of interest to study the reaction of a thietanone with amines.

The amines used were piperidine, morpholine and pyrrolidene.

The reaction was found to proceed with replacement of the chlorine atom

in the thietanone by the amino group.

0 0
M ]
C.Hg c CH C.H C CH
6_\\ / \ / 3 6 5\ / \ Y. 3
/C C\ +2BH —> /C \ /C\ +HC1, BH
Cl \S/ CH3 B S CHS
ls. 28

BH = Piperidine, Morpholine and Pyrrolidine.

The rate of the reaction was found to increase in the order piperidine
< morpholine. The PKa values of piperidine and morpholine are 18.92
and 16.61 respectively. (119, 120}
Thus it is apparent that the rate of the reaction is not in acocordance
with basicity. If the reaction were in accordance with basicity or
nucleophilicity then the pathway would be substitution nucleophilic -(SN )
(see page19]| ). Another pathway for the reaction would be by ring

opening of the C-S bond followed by ring closure.

In order to test this suggestion, the following experiment was carried
out. A 1:1 mixture of the cis- and trans-isomer of the chloro(ethyl)
thietanone 59 was treated with morpholine and the product was studied

by nuclear magnetic resonance spectroscopy.
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The product was found to be an unequal mixture of two product iscmers.

Nuclear magnetic resonance spectroscopy is a useful technique for the measure-
ment of the relative abundance of the two isomers because of the

facile measurement of protons on the groups at the 4-position

i X o
.5 € CH @t Q CH.,—CH (
C c + C & + ':
AR e g
2l S CHz-CH3 o S CH3
59b 59a
.°. Y
C_H [ CH CH @ CH.CH
65% P \\ P 3 6%\ % S 5&2 3
C =2 4 C + /c-‘ i e
T S
C4 HgN o/ \s \\CHZCI-I3 C4HgNO N S % CH,

If the reaction proceeded by nucleopﬁilic substitution type pathway,

equal quantities of both isomer wouldhave been expected. However, if
ring opening were to occur, then before ring closure,a certain amount of
bond rotation could occur, therefore giving rise to unequal isomer ratios.
This is in fact what was observed. Hence the reaction pathway might

proceed via ring cleavage -

0 0
)| Il
C el
\ .-
\c/ C</_,-/-1_-BH —n \C/ \c< e
S e GO st
cl
0 0
11 !Cl
C
HCl,BH}C/ e AIRE e R \c/
LN e Py e o \g_
S B S H
_ 7 +BH
c1

BH = Pyrrolidine, morpholine, piperidine.
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6 - a - 3: The Methoxythietanone.

The treatment of the 2-chlorothietanone |6 with excess of dry methanol at
room temperature gave the methoxythietancne 99 in low yield. When the
reaction was carried out in the presence of a small amount of pyridine
as a catalyst, the percentage of the product increased. Pyridine causes

the forward reaction to shift to the right.

H 0
[}
C_H s CH CH C.H
i e T e P s s
@ & + CH,OH —mm> (i C +HC1
7 N 3 T N
B> S CH CH s OCH
3 3 3
16 PSR g 90
Pyridine

The position of carbonyl group of the methoxythietanone 99 is at l??Ocm_l

and the C-H stretch of the methyl and phenyl grousin the thietanones
16,98 ,29has characteristic absorptions at approximately 3060-2860cm +
in the infrared spectrum. These peaks are usually weak or medium in
strength. The C-H bending vibration for the methoxyl group of the
thietanone 99 is at 2820cm_:L in the infrared spectrum. The nuclear
magnetic resonance spectrum of the product showed peaks at 6 = 1.4, 1.7
3.4 and 7.45ppm in a relative intensity of 3:3:3:5.

The appearance of a new peak (at 6§ = 3.4ppm) in the spectrum of the-

product is due to the methoxyl group.

The methoxy-compounds usually lose a methoxyl group to give the ion

(M-—OCHB) in the mass spectrum.
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However, the mass spectrum of the methoxythietanone 99 did not show a
parent ion at 222 mass units but gave the peaks at 190 and 194 in high
abundance. An accurate mass spectrum on peaks 190 and 194 gave the

molecular formila CllHl 4‘02 and CllHl 4OS respectively. These molecular

formula correspond to A and B.

= 190
(0]
Il
G H c CH
0 )
- \S/ \m
3 3
99
= 194

The presence of peaks at 190 and 194 m/e suggest the compound is the

methoxythietanone 99 .

6 - a - 4: The benzylthiothietanone .

Although benzylmercaptan is a stronger nucleophile than methanol and
hence the reaction of 2-chlorothietanone with benzylmercaptan is
expected to be faster than with methanol, the treatment of one ecuivalent
of 2-chlorothietanone |6 with two equivalents of benzylmercaptan did not
yvield the thietanone 100. This ancmalous behaviour will be discussed in

section (6-a-9).
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C CH
8 e P ST e s L o Ry
g c +2C H CH SH ——~—> c
H/ \S/ [ brod / o \ -
CeHe CH, /CHS—CHz-S CH,
1 ' 100

When the reaction of the chlorothietanone jgwith benzylmercaptan was

carried out in the presence of one equivalent of pyridine, the product

was the benzylthiothietanone jgo.

0 ¥
11
Cells C cH, CeHg  C CH
\C/ \C/ i W R
- H H + HN —
AR GHsCH,SH + C.H, c\ /c\ + HC1,CgHsN
ol s cu, A ¥ cH
CH.CH-5 o
16
= 100

The position of the carbonyl group at l'?GOan_l in the infrared spectrum

confirmed the presence of a four-membered ring. The nuclear magnetic

resonance spectrum of the product showed two singlets at 6§ = 1.5 and 1.75ppm;
two doublets at 6 =(3.7 -3.4 ) and (4.1 - 3.8)ppm and a multiplet at 6§ = 7.2ppm.
Peaks at § = 1.5, 1.75 and 7.2ppm were due to two methyl and phenyl protons.
The methylene protons of the thietanone lggwere seen as two doublets. The

two methylene protons have different chemical shifts, because carbon-—é is
asymmetric and are therefore seen in the spectrum as an AB system. The AB
spectrum always consists of four lines, two for the A part and two for the

B part. The separation between the two lines in each pair is exactly equal.

The relative intensity of methyl, methylene and phenyl protons is 6:2:10.
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L H

The elemental analysis agreed with molecular formula ClBH}.BOSZ for

thietanone 100

6 = g = 5t 3-Mercapto-3-methyl-1-phenyl-1,2-butanedione -

The treatment of the chlorothietanonelé with water gave the diketone 101.

0
L
CH
CGHS\ /C\ /CH3 l3
/C\ /C\ -!-1-10-———>(365I1 ‘(fil-Ci-C!t"I:3
Ci S CH3 O G SSESH
16 101

—
—_—

The spectroscopy data confirmed the formation of diketonelQOl.

The appearance of a weak peak at 2565 c:rn“l in the infrared spectrum showed

the presence of a thiol group. Strong bands at 1675 and 1715 am + are due
to the carbonyl groups. The carbonyl absorption of the diketone 101 is
shifted about 70cmhl to a lower wave number compared to the thietanone]é.
The nuclear magnetic resonance spectrum of the diketone ]10] showed peaks at
¢6=1.6, 2.1 and 7.1ppm due to methyl, thiol and phenyl protons respectively.
The two methyl groups of the diketone 10] are equivalent so they are seen as

a singlet in the spectrum. The molecular formula C S was obtained by

ll 12 2
elemental analysis. The mass spectrum of the diketone 101 gave ion at m,e

208 in low abundance. The major fragments are A, B, C and D.
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There are two possibilities for the mechanism of the reaction -

(I) Replacement of chlorine by a hydroxyl group followed by ring opening.

(0] (0]
1] |
CH3 ~ /C G /C6H5 ) CH3 \ . c S /C6H5
C S ) HOD s C oC
DAl A HC1 S N, e b
CH S Cl CH s OH
3 3 el
SH
|
s _?_?I_F:“C5H5
P
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(I1) Ring-opening before elimination of the chlorine atom.

(0]
II CH3
CeH
3\ o \ {_/-// | P| j6"s
C + H O ———————>-CH3 -C =C =C T,El
| |
S
J e
" -
%o
Fd
CH
KBO (0]
ATl
CH3 = ? -C =C = CGHS
SH

101

——
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6 -a-6: The reaction of thietanone with hvdrazine hvdrate.

Cne equivalent of thietanone |6 was treated with two equivalents of
hydrazine hydrate. The possible structure of the product was studied
by spectroscopic methods. If hydrazine hydrate reacts in a similar
manner to piperidine, morpholine and pyrrolidine, the product should
be the thietanone 102 However, the absence of carbonyl group at 1760
to 1780cm * in the infrared spectrum and an absorption band at 2575cm

(thiol, S-H stretch) suggested that ring opening of |6 had occurred.

Hence:
0 O
||~ Il
C_H CH
Cels\ o =5 e S 3
\ « + 2NE_NH,,H,0 —J———>/ \ / /
'3 \ / S tat \ P N
Cl s Hos CHa
l
= 102
but
0
c c
65\ > / 3
C C + 2NH.NH.,H.O
SN e N 2 200
C CH,
SH / \ e i,
| | |
Belsl T m o T T, S L I el Soul
o) NAH., CH N—N SH
o il i
OH SH
103 ! i 104
RO ENEL e R T
NN CH,
> :
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Ring opening could give rise to a variety of products as suggested above,

e.9-103/ 1045105

The infrared spectrum of the reaction product gave peaks at 3420, 3285,

2575, 1645, 1600, 1590 and lSSOcm_l. A peak at 1645cm T could be due to
the carbonyl or carbon-nitrogen double bond (C=N) group. The position of the
carbonyl group normally appears at approximately 1?25cm-l, however,
conjugation and hydrogen bonding shift this band to lower wave number.

Thus the absorption at 1645cm © could be attributed to the carbonyl

stretch in)03.

/_:\E-E Eomeim——td / +‘i-£ > ——\-{OI3=1?
e b e A
N N—NH2 +1|~]

g

R i =0
I SHS// =
dS par T gladt o n e —_— (0] C =R
65 I 1 < t ”
0] N ;
H N
/ CH i Kt
N % I
2 SH

If the carbonyl absorption of the compound 103was at 1611;5»c:m”l where
would the C=N stretching absorption be? The C:N stretch in amines,
oximes, etc., gives a variable intensity absorption in the range from
1690 to 1540cm .

The carbon-nitrogen double bond (C=N)stretch in the hydrazono-compound 106

has been found to be at 1580cm-l.

180



13
C.H. - CH, = ﬁ - [CH = @y
ML, ———" /% 5,08
1580cm
3325cm -

However,the infrared spectrum of the product showed medium peaks at
1590cm + and 1600cm 1, but these peaks might not belong to the C=N
stretch because it is not possible to say definitely what these

frequencies correspond to. The position of peaks at .“-)420r::m_:L and 3285

cm-l correspond to the imino (N-H) or hydroxyl (O-H) stretching
frequencies. The infrared spectrum of the product showed the presence
of two bands at 3285 and 3420an*1. These bands suggest the presence

of hydroxyl (O-H) stretch (3420 am 1) and imino (N-H) stretch (3285am o).
This is evidence for |04 and 105. Thus the infrared spectrum data is
inconclusive. The nuclear magnetic resonance of the product gave peaks
at 6 = 1.75, 3.05, 6.15 and 7.35ppm in relative intensity 6:1:2:5 which
could agree with structures of campounds 103, |04 or 105 A peak at

§ = 6.15ppm in the spectrum of the product might be due to amine protons.
For further evidence the nuclear magnetic resonance spectrum of the
hydrazono-compound 106 showed amino protons at § = 5.05ppm. Thus the

peak at § = 6.15 ppm does not appear to correspond to the amino (NHZ-)
group of |03. The mass spectrum of the product gave ions at m/e

222, 205, 190, 119, 103, 104 and 75. If the compound |03 is the product of
the reaction it would be possible to draw fragments A, B and C for the ions
at ™ 205, 190 and 75. However, the ions at T 119, 103, 104 would not fit
into this fragmentation pattern. Furthermore for structure |03 the ion at f}e
105 (CGHSCIJ-:-) would be expected to occur in high abundance.

O
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The 13(: nuclear magnetic resonance spectrum did not reveal the

presence of a carbonyl group between 170 - 210ppm. Thus the
spectroscopic data does not fillly agree with structure 103 and suggests

that the product must be 104 or 105.

Interpretation of the infrared spectrum of the product in terms of it being

1040r 105 .

OH CH, oH  CH,

| | l |
C.H - ¢ - C - C - CH CLH = @ = Ger = e O
- , . J 3 T I | 3

N - N SH N - N SH

H H

e 105

The peak at 1645cmﬁl is due to carbon-nitrogen double bond (C=N) stretch

The imino (N-H) and hydroxyl stretch are seen at 3420 and 3285m T and a
weak peak at 25?5c:m-l is due to the thiol (S-H) group in the infrared
spectrum. Peaks at 1590 and lGOOcm-l are due to imino (N-H)

deformation. The peak at ¢ = 6. |5ppm in the nuclear magnetic resonance

it



spectrum is likely to be due to an overlap of imino (N-H) and hydroxyl
(0O-H) resonances (due to proton exchange). For more information the

(121)

nuclear magnetic resonance of |97 was studied. The chemical shift

of the imino (N-H) proton in structure|07 is at § = 5.7ppm.

Ph - CH CH.,Ph
I | 2

N = NH —> 6=5.7ppmm.

107

—

Thus the peak at § = 6. I5ppm in the spectrum of the product could be
due to imino (N-H) and hydroxyl protons. There is not a lot of

difference between the infrared spectra of the two structures |04 and |05.

If the product was campound |04, the phenyl protons in the nuclear
magnetic resonance would occur as a singlet. If the product was
campound 105, the phenyl protons would occur as a multiplet. The
recorded spectrum showed a multiplet peak for phenyl protons, suggesting
that the product is in fact |05. The presence of ions at gllS‘, 103, 104

can also easily be explained in terms of structure |0S5.
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The mechanism of the reaction is probably via scheme a.
The first stage is nucleophilic attack on carbon-2 to give 108, followed

by C-S cleavage bond.

Scheme a:
NH
0 %19
H
Ce 5, /c\ /CHB HN\ /c\ /CH3
C C + NLNH, B0 ———e C
KO 22 AR N
Ccl S CH, CeHg 3
16
H
H N /OH
N-N 7 .
CH L
3 HN C CH
CH. -C-C-C-CH < c c
65 3 g
| : CH/ \s CH
OH SH 65 3
105 108

6 - a - 7: The reaction of thietamne* with Methylhydrazine .

Treatment of 2-chloro-4,4-dimethyl-2-phenylthietan-3-one with
methylhydrazine gave a mixture of three compounds. The fraction which
is insoluble in ether was methylhydrazine hydrochloride. The melting
point, infrared spectrum and solubility in water of the white solid
agreed with those of methylhydrazine hydrochloride.

Colum chromatography was used for the purification of the liquid

fraction and two fractions were collected.

Analysis of fraction (I)

The infrared spectrum showed a peak at 1765cm—l due to a carbonyl

group on a four-membered ring. The nuclear magnetic resonance spectrum
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showed peaks at 6§ = 1.6, 1.5, 1.2 and 7.3ppm and are due to three
methyl and a phenyl group respectively. The mass spectrum show a
parent ion peak at 234 mass units. The presence of a carbonyl band at

1765cm *

and the absence of carbon-chlorine and nitrogen-hydrogen bands
in the infrared spectrum and the formation of methylhydrazine hydro-

chloride suggest the product might be the thietanone 110 .

Q
1] I
CGHS\ /c\ /CH3 CHB\ /c\ /CsHs
C C + 2 CH.NHNH, — ¢ e
1’ N8/ e R 2 AN
3 CH, S NH-NH-CH,,
16 109

%’
/

1o

It is suggested that the thietanone 14 on treatment with methvlhvdrazine cives
109in the first stage and the dehydrogenation of the 109 gives 110 .

However, the dehydrogenation of the @j_’ is unusual, but the absence of imino
proton (N-H) in the nuclear magnetic resonance spectrum suggest the
structure 110 The mass spectrum of the Fraction 1 gave ions at rl"é.238,.234,
224, 219, 163 . The ions at 52- 238, 234 have a low abundance (about 15%)
and peaks at 224, 219 and 163 have high abundance. The analysis of the ions
at T 238 and 224 was not possible for the suggested structure 110. The

'ons at 7219, 191,163 could be due to fragments A, B and C.
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Analysis of Fraction 2

The presence of the carbon-nitrogen double bond (C=N), absence of the

carbonyl group and formation of water in fraction 2, suggest structure
11 for fraction 2. Methylhydrazine has two nucleophilic centres

(NH and NHz} . Attack of the amine (I\IE{Z) group on carbon-2 gave

thietanorie 110 and attack of the imino group on carbon-2 gave 111.
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T R e T 372 Pl S T .
CH, s c1 ci, j CeHis
f N-CH, KO ﬁ'ﬁ\
LT <—— CHyx_ - C~_ _ N<CH,
c C - HO c C
2 AR N
L N CH s C_H
CH, s CoHs 3 65



*
6 —a -8  The reaction of thietanone with phenylhydrazine ,

One equivalent of the thietanone 1§ was treated with two equivalents of
phenylhydrazine. The product was expected to be the thietanone 112-
However, the position of the carbonyl group in the infrared spectrum
agreed with the structure 112 but the mass spectrum and nuclear magnetic

resonance spectrum contraindicate. structure 112.

(0] (0]
iy 1]

C.H 2 CH C_H [ CH
65\ / \ 3 // 65\ 7 \/ 3
& & +PhNHNH2 ﬁﬁ & C
Cl/\s/ CH 4 C.H NN/\S/ \CH

3 GSHH =
16

The nuclear magnetic resonance spectrum of the product showed two
singlets and one multiplet due to n'éthyl and phenyl protons in relative
intensity 6:5. The mass spectrum gave a parent ion at 382 mass
units. The ions at '%33.8, 302, 275 are attributed to the fragments A,
B and C. These findings agreed with structure 58. The elemental

analysis confirmed the structure of 58.
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GS\C/ \c/ 3+CHNHNH — 3\c/ o
678 €<
a/ Vs’ N CI{3/ L
16 S

1886



. -
0 0
I3 11
c\ CcH cz{3\ /c\ /C6H5
/C\ — /c —
S CH L
3 A
8 J2 =
0 0
I I
e C CH,
/3 7 e
@, -~ C—r~C C+
Fo N
8 C.H. S
B
o) o) .
I I
CH, . C F. 8 s
B Ar N 4oas
O R 2 C — C=a,
CH
3 CcH.
c

189




The reaction might proceed via a radical. The electron spin resonance
spectrum of the reaction mixture was carried out in the presence of a

spin trap 113 -

A suitable radical scavenger which can react with any radical inter-
mediate to form a relatively long-lived radical scavenger is frequently
referred to as a spin trap, e.g.

nitroso~compounds or nitrones, both of these react rapidly with a variety
of short-lived radicals.
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However, the electron spin resonance spectrum showed the existence of a
radical in the reaction mixture but there is no firm evidence that the
reaction proceeds via a radical because phenylhydrazine (starting
material) in the presence of a spin trap also gave aradical. We
contend that phenylhydrazine is able to react with the oxygen of the air
via a radical and this radical in the presence of spin trap 113 could

be detected by e.s.r. So the mechanism of the reaction could be

studied by the methods outlined below.

1) detect the radical in the mixture of the reaction by using e.s.r.
methods at low temperature.
2) determine the existence of a radical in the reaction mixture, in

the presence of a spin trap and in the absence of air.

6 —a-9: The reactivity of carbon-2 and carbon-3 of 2-chloro-4,4-

dimethyl-2-phenylthietan-3-one.

It was prudent to study the reactivity of C-2 and C-3 of the thietanone
16 towards nucleophiles and relate the reactivity to the hard and soft
acid and base (H.S.A.B.) rules. The (H.S.A.B) theories have been

reviewed by a number of authors. (122 -124)

According to this theory, the reactivity of nucleophiles increases in
the order O_ii>0(:.'H3>R1:m>R:'§,
and the"hardness" sequence of carbanions follows the order sp > Sp2> spB. ;

Higher P character increases softness.
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The 2-chlorothietanone 16 has two electrophilic centres with differing
hardness (C-2 and C-3), therefore nuclecphiles could attack at either

of these two centres, depending on their degree of hardness or softness.

1: nucleophilic attack on C-2

0 0
| |1
C.H CH C.H c cH
i NP TN 3 65 E 0N 3
¢ L*c/ + BH ———> >c c<
A g \CI-13 Tl T cH,
16
B= D enn C.H.CH.SH, H.O
g Bl , CRGLEH, Hy
2: attack on the C-3
o 0 H
[ » /O
Cole Z/CB‘; Sl Gl te S o L 0l O
c C IS R c o s DR
a” s w . e e CH. \CH
3 3 65
16 :
B = OH

The carbonyl group has a hard acceptor carbon for electrophilic attack :

hence hard bases prefer to attack the carbonyl carbon. Soft bases
normally do not attack a carbonyl carbon under mild conditions. Thus
nucleophiles such as hydroxyl (OH) will readily attack the carbonyl
carbon, but nucleophiles such as methanol (CH3OH) amine (RNHZ) alkyl
mercaptan (RSH) will not. C-2 being softer than the carbonyl however,
will be readily attacked by these latter nucleophiles. From classical
theory that a strong acid and strong base form a stable bond, a weak
acid and base will form a less stable one so hard acids (acceptors)
tend to form strong bonds with hard bases (donors).
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The reaction of 2-chlorothietanone 16with nucleophiles cave the

thietanones 98,99 and 100 -

5 X
N
3
Cein, T CH Csn . C_ CH
2 /
c & /c ‘ + “NH- > > C c\
a”’ s cH, ‘;N Ng” c,
16 28
-NH- = piperidine, morpholine, dimethylthietanone,
pyrrolidine
° :
1 |
cl o cH C C CH
\cz/ “c/ 1 i 6H5\c/ \c/ ’
YAl D Y AR A
Cole s CHa CH,0 s CH,
99
0 0
1 11
c CH C H c CH
L e _ o LR L
- c + C,H.CH.SH iding c C
cl S CH, CeHsCHS S CH,
16 100

These bases are not hard enough to attack the carbonyl group under mild

condition. The chemical reactivity of the above nuclecphiles with C-2

is more favoured than with the carbonyl group because -

The entering and leaving groups are bonded to tetrahedral carbon

hence they have a similar hardness value. Nerdel et al. (125)

have
also found that when 3-tosyloxypivaldehyde 1is treated with a
hard and a soft base (CN, PhS), the PhS attacks exclusively at C-1
and the CN attacks exclusively at the carbonyl group.
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This suggests that RS, (}130, 13\1, HZO will not attack the carbonyl

group of the thietanone 16.

X ?.
CH, C-H - CH C-H
2 —
CH3 |TH2 CH3 C]HZ
OTS SPh
CN
CN CN
I » |
CH H-C -0 CH R
3 ‘) B\C/ \0
———
G DN et
CH, ]D CH, /c\
oTS H H

2 : Amines (RZM-I), nethanol,(CHBOH), water (HZO) are harder bases than
chlorine (C1) and softer than hydroxyl (OH) hence these bases will only
attack on the C-2 releasing the Cl as a leaving group. If we consider

the reaction

' 1
A + AB A'B +A

A' will react with AB only provided A' is a stronger Lewis acid than A.

In general the softness of an acceptor or base increases on going down a
ocolum in the periodic table, and hardness increases on going across the
periodic table. If chlorine (C-i) is compared with Bg, then both of them
are in the same row in the periodic table but the electronegativity

of the chlorine atam is greater than sulfur,so benzylmercaptan is softer
than chlorine (Cl). Although the treatment of the chlorothietanone 16
with benzylmercaptan did not give the benzylthiothietanone 100, compound
100 was formed when the chlorothietanone ]6 was treated with benzylmercaptan

in the presence of pyridine. This may be because the pyridine being
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harder base than benzylmercaptan attacks the carbon-2 of the
chlorothietanone 16 to form the pyridinium chloride 114. The pyridinium
chloride 114 in the presence of benzylmercaptan gives the benzylthiothiet-
anone 100. The softness of the(Cl)is increased by the formation of the

pyridinium chloride intermediate.

? ;
! !
C.H C CH C CH
65\c/ \c/3+CH~1——s» 65 /\c/3
A NI P 3 / \/\/\CH
3 3
N\__7
4 B
16
114
¥
C.H c CH
65 -
R Wi
SO
o
CcH-CH,S s CH,
100
The order of hardness is
O >Cl  Cl>RS RS > cgHficl

It is for this reason that the reaction of benzylmercaptan with
thietanone does not_proceed significantly at room temperature whereas
chlorothietanone 16 reacts rapidly with piperidine, morpholine,
pyrrolidine and methanol under the same conditions. In terms of
nucleophilicity one would have expected the benzylmercaptan to react

with chlorothietanone 16 faster than the reaction of methanol with
thietanone. However, this was not so. This may be rationalized using the

hard and soft base theory as described already and this suggests that
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due to ring strain, the C-2 may have more spz character than sp3,

hence retarding the effect for RS.

In general, rates of nucleophilic reaction on the sp and sp2 carbon
atoms such as nitrile and carbonyl are mainly controlled by basicity
rather than polarizability of the nucleophile used Hiete 227) while

in the case of the sp3 carbon atam polarizability is a more important
factor than basicity. According to the above ideas it appears that the
properties of the C-2 of the chlorothietanonel$ are closer to an spz
than to an sp3 carbon. Pot_apov(lom has stated that for small three-
and four-membered rings, the strain energy is very high, and in order
to accommodate this high ring strain, the bond angles significantly
deviate from the normal tetrahedral value. The chemical properties of

the chlorothietanone |6 confirm this deviation from .sp3 sp‘?‘

0= & = 102 & = EEfectE .

It was found that hydrazine hydrate is able to attack the hard
acceptor (carbonyl group). However, hydrazine and methylhydrazine are
not harder than piperidine and morpholine (see TableZ?), but they are
able to attack the carbonyl carbon. This anamalous behaviour may be
explained by the o -effect.Ibne-Rasa and ndwards (128) have ascribed
the greater reactivity of such nucleophiles to stabilization of the
activated complex by the lone pair of electrons on the «- atom and

have designated the rate-enhancing effect as the a-effect.
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Table (22) PK_ of several nucleophiles.

PK, of the nucleophilic reaction of p-nitrophenyl acetate in

AN (119, 120)

Nucleophile PK_ 20

Hydrazine 8.1 25
Piperidine 1X.2 30
Morpholine 8.7 30

Homoconjugation and acid dissociation constants of protonated

monocamines in acetonitrile (AN) as solvent.

Amine BK_ (W) PK,, (AN)
Piperidine 11.22 18.92
Pyrrolidine 1127 19.58
Morpholine 8.36 16.61
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6= b The reduction of thietanone -

The reduction of alkyl halides by various reducing reagents has been

(129)

reviewed and depends on the structure of the alkyl halides. One

of the general reduction methods is that of Grignard reagents with

active hydrogen compounds.

RCl + Mg ——> RMgCl + X H ———>RH + Mg CIX

Some a-haloketones can be reduced by zinc in the presence of methanol

e.g. the dibromoketones and the chlorocyclobutanone. (.32, 5l 31)
o 0
Cl '[C! R! H é‘:l R!
N S KN
AR g * CH_OH b
R3 i & R —ﬁ-—-—-—) R3 X a Rr2
87 N . g” N\yg

The reduction of the Z-chlorothietanone 14 was attempted by these methods.

(I) Using magnesium as a reducing reagent.

The chlorothietanone 16 was treated with magnesium at room temperature,
then methanol was added to the mixture. Two liquid and solid fractions

were collected.

Analysis of liquid fraction

The infrared spectrum of the liquid fraction showed a peak at 1710 c:m-1

due to carbonyl group. The nuclear majnetic resonance spectrum gave
doublet, septet, singlet and singlet peaks at § = 0.9, |.6, 3.5, and

7. 2ppm respectively of relative intensity 6:2:1:5.
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The mass spectrum gave a parent ion peak at 162 mass units. These

findings agreed with the formation of benzyl isopropyl ketone.

Analysis of solid fraction

The infrared spectrum of the solid fraction showed peaks at 1760cm © due
to a carbonyl group and the position of the carbonyl group absorption
showed the presence of a four-membered ring. The nuclear magnetic
resonance spectrum gave two singlet peaks due to methyl protons and
the phenyl group was at § = 7.1ppm. However, the position of the
carbonyl group in the infrared spectrum agreed with the formation of
the thietanone 57but the nuclear magnetic resonance spectrum disagreed
with structure 57. According to structure 57a methine proton should
appear at about § = 3.9-4.2ppm in the nuclear magnetic resonance
spectrum. However, the recorded spectrum did not contain a peak in
this position. The mass spectrum gave a molecular ion peak at 382 mass

units. The spectroscopy data confirmed the formation of 58

‘-\
0 o
Il
Fee s PRI cgh 458 S % me -
g By c c + 3 CH-C-CH,C,H
Cl/ N \‘CH3 CI-I3/ \S/ £ CH3/ 276 5
-~
16 /i J-'z
58
0
Za T T A
H S 3
57

Treatment of Chlorothietancne 16 with magnesium in THF (see Page 109)

gave benzyl isopropyl ketone.
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(II) Using zinc as reducing reagent .

Treatment of the thietanone 16 with zinc followed by the addition of
methanol to the mixture gave the dithietanone 58and benzyl isopropyl

ketone as described in P.198

0 0
CGHS \C /C \c/ 3+ . CHBOH CH3\C/C\C/C6HS ok C-C:H/CHB
n ——
oy Ng & \CH3 CHB/ Ng o 265 2*0' G
16 58

* >
6 - c¢: Chlorination of thietanone by sulfuryl chloride. — —

Treatment of the chlorothietanone with sulfuryl chloride in the presence

of pyridine gave the butanone J15.

o]

I
cl CH
belae 5 0w 5 C.EN e Vi

o C + S0C1 —2d o EH -0 =C - CHCl
R 2 VST A 2
Cl & oH3 a 2 m
16 5

The infrared spectrum of the product showed a peak at 1730 cm © due

to the carbonyl group of the butanone 115. The nuclear magnetic resonance
spectrum gave peaks at 6 = 1.9, 3.75, and 7.6 ppm, due to methyl,
methylene and phenyl groups respectively with relative intensities
3:2:5. Methylene protons appeared as an AB system because carboﬁ—B

is asymmetric. The mass spectrum of the butanone 115 showed a parent
ion peak at 298 mass units. The relative intensity peaks at M, M+2,
M+4, M+6 and M+8 confirmed the presence of four chlorine atoms in the

molecule.
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The accurate mass spectrum of an ion at lr%298 gave the molecular formula
as C11H10Cl40. The major fragments are due to loss of one, two and

three chlorine atoms (_}_k_,__B_,Q_.

c1 cH,
c1 cH, gt | | +
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?l | 3
CGHS-E = CstEec
0
c

The reaction probably proceeds via carbon-sulfur cleavage similar to
that encountered in the reaction of thiacyclobutane with sulfurvl

chloride.(laz)
Treatment of thiacyclobutane with sulfuryl chloride gives a ring-opened

compound, 3-chloropropanesulfenyl chloride.

RN H H
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The reaction of chlorothietancne 16 probably proceeds via an initial
carbon-sulfur cleavage followed by elimination of sulfur dichloride and
then chlorination occurs on carbon-2. There are two pathways for

carbon-sulfur bond cleavage, i.e. scheme a or b.

Scheme a:
o)
I c1 CH
Cls. Tl SN Can, L %
/c= ;c —==5 CH -~ C c - ¢ -
S o8
c1 Cs cH, s 11 sc1
- HC1 c
16
80.0), |~ &L,
cl CH
0 3
| = | s0.Cl ot
ca—c-c-c-cnzcu-r-—ii Cl o 3
65 | I =50 | I I
- o 2 O -e i) e e
£ -HC1 6 | |
115 Cl (i
Scheme b:
IOI C;l h CH3
Cels . /C\ /CHB +80.C1, no | +50,Cl,
XS el —=—=» CcH, -C-C~-C-~-,
c1 s{) ~ay -0, | | -sc12/
scl cl
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(133) have studied the position of chlorination.

Several workers
They have found the position at which chlorination occurs depends
mainly on the stability of the carbon radical or carbocation(H.,ﬁ)
formed, but same steric or solvent effects may also be involved. The
tertiary hydrogen can more easily be substituted because the tertiary
carbon radical formed is more stable than the primary one.

An electron-withdrawing group destabilizes the adjacent carbon radical ,
and free radical chlorination is favoured on the carbon atom remote
from the electron-withdrawing group. Some typical examples of product
distributions of the chlorination of the hydrocarbons having electron

withdrawing groups with sulfuryl chloride are shown:

Substrate a=Cl 8 -Cl T-Cl §—C1
Cl.".CHz-CI-IZ-CI-IZCI-I3 7 23 46 24
C12CH:H2CH2CH3 2 13 48 3
Ccl BCCI-12CH2C!H3 - 8 42 50

On these grounds, it is suggested the reaction proceedsvia scheme b.
The carbon-sulfur cleavage on carbon-4 is more favoured than carbon-2

because the carbocation of carbon-4 is more stable than carbon-2.

6 - d: a=Chloro- g-chloro-a-chlorosul fenylthietanone.

4-Benzylidene-2,2-dimethylthietan-3-one with thionyl chloride in the

presence of pyridine gave an a-chloro-g-chloro-a-chlorosulfenyl adduct 11é.
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The disappearance of a peak at 1610cm L

in the infrared spectrum showed the
absence of the carbon-carbon double bond (C=(".} . A peak at l?80c:m_l was due
to the carbonyl group. The position of the carbonyl group absorption
confirmed the presence of a four-membered ring of the chlorothietanone.

The carbonyl absorption of the thietanone B is shifted about 25am © to a
higher wave nunber when compared with the carbonyl absorption of the

benzylidenethietanone. The conjugation effect in the benzylidenethietanone
lowers the carbonyl wavenumber absorption and the inductive effect in

the thietanone raises the carbonyl frequency. The nuclear magnetic resonance
spectrum showed peaks at 6 = 1.35, 1.85 and 7-65 pom due to two methyl

and phenyl groupsrespectively in relative intensities of 3:3:5.

The mass spectrum of the product showed a parent ion peak at 340 mass

unit. The value of the mass of the molecular ion was of great help in
identifying the structure of the product. The peaks at 308, 305 and

270 mass units are due to fragment ions A, B and C.
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The loss of sulfur (S), chlorine atom and sulfeny| chloride (S-Cl) are
favourable processes. The resulting M-S peak is more intense than the
molecular :Lon The accurate mass spectrum of ions at T 340 and 308 gave
molecular fomulmclellQLJOsza:ﬂ ClZHllC |308 respect:l.vely. The
presence of three chlorine atams in the molecule was shown by measuring

the relative intensity of peaksat M+2, M#, M6 and M+8 mass units.

Although the reaction of 2-methyl-5-phenylpentan-3-one with thionyl
chloride gave the mixture of the thietanones 17,116,117,118 when
refluxed for a long time, it was not possible to separate the mixture

by physical methods.
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2-Methyl-5-phenylpentan—-3-one on treatment with thionyl chloride can
give a variety of products |7 116,117 or |I8 depending on the applied
conditions. Pizey et al-(lg) have reported the benzylidenethietanone |7
on treatment with thionyl chloride gives the dichloro-adduct |19.
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We have shown that the dichlorothietancne |I9 was not formed in this

reaction under the same conditions.

In fact the spectroscopy data

given by the authors do not agree with structure |[|9. According to

‘compound Il_% the methine proton should appear at about § = 5-6ppiﬁ. The

absence of a methine proton at this position in the NMR

spectrum, and the presence of a parent ion peak at 340 mass units are

good evidence that the product is not the dichlorothietanone |19.

206



Furthermore, the fragments B and C in the mass spectrum and S-Cl stretching
peak at 540am * in the infrared spectrum reveal the formation of 116

rather than |19

The initial step of the reaction of 4-benzylidene-2,2-dimethylthietan-
3-one with thionyl chloride is an electrophilic addition of thionyl
chloride across the double bond of the benzylidenethietanone |7 to

form sulfinyl chloride |20which is then converted to the 4-chloro-oa -

chloro-a—-chlorosulfenyl ||§ by the Pummerer reaction.

Scheme a:
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This addition agrees with the empirical generalisation of Markownikov.
If anti-Markownikov addition occurs the product should be the

g-chloro-achlorosul finylthietanone [2].
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It is unlikely tha thietanone 12| with excess thionyl chloride formed
the thietanone |22 The absence of a proton joined to the sulfinyl
chloride (C-2) stops further reaction with excess. thionyl chloride to
form |22, e.g. the unsaturated 123with thionyl chloride in the presence

of pyridine givesthe sulfinyl chloride |24 (25)

Ny i s | | 14 pis n
c=C + SCC1, >R- C - C -R RRRandR#H
b S R ' |
R R e R~ w5 §
12

o) 12

Further evidencewhich supports the reaction proceeding by scheme a
and the product being 4-chloro-g-chloro-a—-chlorosulfenyl campound H@_
is: 2

Treatment of the unsaturated cinnamic acid and trans-erotonic

acid with excess of thionyl chloride (7 equiv.) in the presence of

pvridine givesthe e¢-chlorc-s-chlorosulfenyl acid chloride [25. (105)
QoCl cl
SOCl2 I |
Ph-CH=CH-COQH———> Ph-CH-CH——>Ph -CH -C - CCCl
CSHSN r I | |
Cl SCCl el VSE]
125
QL QoCl
s0C1, | -scl /
CH, - CH = CH - COOH ——=— CHB—CH-C—OOQJCHB—CE{:c
CeBel P et

Gl 8CT
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6- e: Camment on the article of Patai (26, 27) about the reaction

between unsaturated compound and thionyl chloride .

1,1-Diphenylethylene 29 on treatment with thionyl chloride was reported
(26, 27) 4 give 1,1-diphenylethylene-2-sulfiny] chloride 126 in 17%

yield and the main reaction product was 1,1-diarylvinyl-chloride 30, €.9.

Arzc = CI'12 + SOCl2—HHCl +Ar2C =C:HSCX:1—"‘;>SO'%I'2C = CIIIH
€l
29 126 3
Patai(%’zﬂ suggested the reaction intermediate is the sulfinyl
chloride 126 which loses sulfur monoxide (SO) to give 30.
This seems rather unlikely, since the loss of sulfur monoxide (SO)
(105)

should not easily occur. According to our work and that of Higa

we suggest the mechanism of this reaction could follow scheme a.

Scheme a:
: -HCl
Ar2C:CH2+SOC12-————>Ar2{l:-(fH2 ———I-—>Ar2C=CHSOCl
os - b |26
‘2—9 ~ | =80 -
127 S
-HC1
Ar.C - CH. + sS0C1, ——>Ar, - C~-CH - &1 — Ar, C =CHCl
2 2 2 2 2
| I -802 1 | —-SCJ.2
el B BE = vl gl Gl
LIl
30
128

3
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The first stage is the formation of the a-chloro-8-chlorosulfinyl
campound |127. The a-chloro-B-chlorosulfinyl 127 may then undergo either

pathway I or pathway II.

I : The chloro-sulfinyl chloride 127can lose hydrochloric acid to give
126
II: The chloro-sulfinyl chloride 127 with excess thionyl chloride can
give a-chloro-8-chlorosulfenyl campound 128which then gives the

chloro—-compound 29 .

The evidence to support the formation of 128 in the above reaction is:
1 - The 4-chloro-a-chloro-a-chlorosulfenyl 116 was isolated from the
reaction of 4-benzylidene-2,2-dimethylthietan-3-one with thionyl

chloride.

2 - Higa (105) pae studied the reac;'tion of trans-crotonic acid 129

with excess of thionyl chloride in the presence of pyridine.

Fractional distillation of the mixture furnished a-chlorosulfenylbutanoyl
chloride 130 and 2-chloro-2-butenoyl chloride 131 in 55% and 10%

yield respectively.
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CONCLUSIONS

The work presented in this thesis consists of a study of the physical

and chemical properties of g-—ketosulfinyl chlorides, ketosulfenyl-
chlorides and thietan-3-ones. The chemical behaviour of the

ketosulfinyl chlorides on treatment with bases, pyridine and triethylamine
indicates that they lose hydrochloric acid ,but the product is not the

thietan-3-one l-oxide.

It was found that g-ketosulfinyl chlorides containing one a-proton
(methine joined to the sulfinyl chloride group) on treatment with thionyl
chloride gave the a-chloro-g-keto-a=-sulfenyl chloride.

The sulfenyl chlorides were shown to be formed from the reaction between
certain ketones with sulfur dichloride in the presence of pyridine or

aluminium chloride depending on the nature of the ketone.

The formation of thietan-3-ones was an interesting aspect of this work;
sulfinyl chlorides or chlorosulfenvl chlorides were found to be inter-
mediates in the cyclisation of the ketones by treatment with thionyl
chlorides. The planarity of the thietanones was determined by nuclear
magnetic resonance phenomena. The strain in the four membered rings of
the thietanones was rationalized in terms of physical and chemical
properties. The synthesis of the thietanone l-oxide was attempted in
order to study the mechanism of the reaction of certain ketones with
thionyl chloride. The reaction of the chlorothietanones with various
reagents (nucleophiles, reducing and chlorinating reagents) has been
studied. When 2-chlorothietanones are treated with piperidine, morpholine,
pyrrolidine, methanol and benzylmercaptan as nucleophiles, these

nucleophiles tend to substitute on the C-2 of the 2-chlorothietanones.
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The 2-chlorothietanones on treatment with hydrazine derivatives
have been attacked at both the C-2 and C-3 of the thietanone.

From the nucleophilic reaction it was concluded that the C-2 has sp2
characteristics. It was shown that the reaction of an unsaturated

thietanone with thionyl chloride was by an electrophilic addition.
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