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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 thietanones have been shown to be the §-ketosulfinyl chlorides or 
the g-ketosulfenyl chloride depending on the nature of the ketone. 

A certain new compounds, dithiolanone and thiolanone were synthesized 
by the treatment of dibramoketones with sodium sulfide and by the 
treatment of the g-ketosulfinyl chlorides with thionyl chloride 
respectively. Cyclization of the g-ketosulfenyl chlorides and 
8-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 se? 
character of carbon -2. The reduction of the 2-chlorothietanone 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 rchlorosulfenyl 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 compounds. 

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 + SOCclL, ————> Rcl + SO, + HCl 
2 

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

It may proceed with retention of configwation by a chlorine atom 

entering the site previously occupied by the hydroxyl group. 

Replacement may occur with partial or complete inversion of 

configuration or molecular rearrangement may take place. Bartletts group (4) 

has shown that the reaction proceeds via a sulfite intermediate, 

which affords chlorosulfinate when attacked by chloride ions. 

2roH + soci, HEL, (no),so ——> 2nosocl 
socl, 

In the absence of added base the chlorosulfinate slowly dissociates 

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

a SNi mechanism?) . 
fo} © 

i + 2 
“ = 

RO;-1S)— Ci —> RR SO =e REL TSO) 

cr 

However, the intermediate carbocation itself rearranges to give the 

tertiary chloride (3) :



cH cnt cen Ci -cHee—= ce ca 1 3 a" I 3 
5 or 3 osocl 

Ww 

eS CHL. + CH. + “ 
osocl se - CH, - cH, Sa -CH - Gl, 0 scl 

CH; cH, 

cl 
CH; | 

oe (iy G+ bs, 
cH 

Aliphatic and aromatic 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 5)- 

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. 

° cl ° 
i NM VW 

R-C-OH + S§=0 — > R-c 
7 

cl | hice 

oO 
ty 

Rec. = Cla ACh + SO, <— Ss —— OH + pe — CL 
i | NH 

cr ° 

Gerrard and Thrush ee? have suggested another reaction pathway. 

° oO cl 
tl} cl i Y 

R - C-OH + SS Os R- CLO. 5s 0 hel 
ci ba 

Re -Cl + 80, 
i 
°



Mandelic acid afforded the chlorosulfite as an intermediate, 

which then decamposed to benzaldehyde ‘7) a5 

° 
socl, "1 

an' cod ees cee to —> GH, -C-8 
-sO. 

OH cocl 2 

Carre and Libemnann '®) showed the formation of o-chloro-a-phenylacetic 

acid chloride and benzylidene dichloride when mandelic acid was treated 

with thionyl chloride. 

Osocl SOcL. wy 
C(H, - CH - COOH ——> CeHs - a 

OH cocl 

Clan 
| us 

CoHs ere CL + CoH,CH cl, 

Simon et a !9),oKa and Hara ‘10) have renorted a reaction in which carboxylic acid 

containing activated protons j, the a-position to the carbonyl group 

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

  

OCH, 
OCH cl Zz 1 CHpCOOH 3 

wi | S cock 
Ser S35 

an as socl Se | Be 
CH, 2 30N oe 

OCH, 

scl CH 
SOCl, | ee os 

Ph, - CH - CH, - CoH PhCH - C—OCOCl + 2 2 — 2 i (es \. 

cocl cl a oe 
\ 

+ Ph5c =c-cl 

3



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

cl 
socl, \ Socl, ayy 

PhCH,CH,COoH ——5 PhCH, - q - COL Saaing {I y Ee /\ 
a) Coc) 

scl 

L 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 

Guiorias ye (13-15). The ketone 5 with thionyl chloride also gave an 

a-chloro-o-sul fenyl chloride 6. 

. 

R - CH, - cOo8 R- C - COCl 

3 scl 

ae & 
R 

co [ea 

] socl | Ise, gee Cie a 

The reaction between thionyl chloride and ketones gives a variety of 

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

reaction conditions. Pizey and symeonides ‘16 formulated two basic rules . 

explaining the reactions. 

I: The reactivity of a-protons followed the sequence tertiary > 

secondary >primary. 

II : 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. 

4



The ketones are classified according to the number of a, a protons 

present in the molecule. 

A: The presence of one proton in the g-position in a ketone 7 

1 Produces the a~sul finyl chloride 8 Ue) : 

Me 
Me | 

a socl, ae’ oon, a neon 

° Me 

CA Celis ¢ - cH 
we ° 

7 8 

Z 
B : The presence of two protons, one a and one a , in a ketone gives 

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

the sulfinyl chloride ee 

  

6 Ones ee socl, oe Cech ee pes CHG = (ee. soon 
NX a | cH, cH, CHy cH, 

cH n si Ee 9 3 c @ Se 
Ne/ aS 

Ke * a 
ery 

lo 

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

the presence of pyridine and on heating did not give the 

tetramethylthietan-3-one 10. 

C +: The presence of two protons in the-c-position in a ketone has not 

been investigated, but it has been anticipated that the a-chloro-a- 

chlorosulfenyl would form, simj jarjy to carboxylic acids containing the 

a-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 
17 

BG, =p? 

sOoclL. 
2 

Coie = CO CH ao CoH - CO—COocl 

il 

The reaction of acetophenone derivatives with thioyl chloride has been 

studied by Pizey and Symeonides (18) ona Voss and Gunther '19) Voss and 

Gunther (9) have proposed the structure of 12. 

° i socl, i Fi 
Ar-cC ~ CHA > Eee iS -S,-CH -C-ar 

| Hi 
° cl x 

OCH, ae 

| 

is: Ar = | 

~ 

Oka and Hara (20) studied the reaction of acetophenone with thionyl chloride. 

Thus acetophenone with thionyl chloride in the presence of pyridine gave 

a mixture of 13 andl4. 

The o-chloro-a-sulfenyl chloride 13 can be easily dehydrochlorinated to 

thioacyl chlorides 14. 

° (ey (etl Os 
ll SOcl, a Hoot 

CH. - C- CH, —“> CH.-C-C-H +C,H.-C-cC - cl 65 ieee 65 | 65 

scl 

A 14 

2 i 
E : ‘The presence of three protons, two a and one a, €.g.benzyl isopropyl 

ketone produces a thietanone 16.



Oo me oO Me 
u We socl, Tiel 

CeHs- CH, - C - CH ———GieCH, -C -C -sccl 
ie \ 

Me 
15 

0 SOcl, 
it : 

c C BS tty 
c 

TES OX 
cl = 

The intermediate of this reaction is a sulfinyl chloride15 which then 

cyclizes to the chlorothietanonel6. 2-Methyl-5-phenylpentan-3-one with 

three protons, two in a position and one in ¢ position gave thietanone 17. 

O 
i 

Be socl CH, 

C.HeCH, - CH C - GH ae eae Ct ay _ a 
65° 2 2 a pyridine eae 

cH | Si A 
° 5 CH 

65 

iv 

F : The presence of four protons, three a and one a ,eg. ketone18 

gives the chlorothietanone 19 (21) | 
° 
W 

CH. H Cc. CH. 
3 Sec ee 

CHS-C = CH + sol, —— Cc Cc 

cae ee 

Be 19 

We studied the reaction of diethyl ketone with thionyl chloride. 

Diethyl ketone on treatment with thionyl chloride gave the 

e-chloro-a-sulfenyl chloride20.



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

heating gave the dichlorothietanone 21. 

a 

hoe iliac eer i ce 3 ~ CHA 

O° QO scl 
O 

" 20 
CH, cS cH, 
Nee 

C c 
ve 

cl cL 

21 
gps & 

G : Ketones possessing two a-protons and three a protons on 

treatment with thionyl chloride at room temperature give the 

a-chloro-a-sulfenyl chloride 22. The a-chloro-a-su] fenyl ~chloride 22 

with excess of thionyl chloride and a small amount of pyridine gave the 

chlorothietanone 23. 

sea 

hy ee ee — Sie 

° Onmc) 

22 
R = CH, R = Me,CH 

R= Et ° 
i 

scl po 
| va H R 

dine SS ee Ch—C=¢ 9= Rk + soci, Peto, c ce 
Te 2 =HC1 ie oe , 

mec H s c 

23 

re tae) Krubsack and Higa 

of 4-substituted butan-2-ones with thionyl chloride. IfR in 23 has 

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

prepared a number of thietan-3-ones 23 from the reactior



R 
ZL 

° 9 R= co 
NH tl XR’ 

H c R H 
ace cea Se OS 

a ye ar > ye Cc = cr! RF 
Hig es aoe Be Soe4 

23 24 

ai eoer 
Ro= R= CH, 

ie a. Ri=H R= (CH,),CH 

Ri =ph R°= Ph 

R=n Ro = TH 

Krubsack et al.*>) attempted to study the mechanism of the reaction, 

by treating the ketone 25 with thionyl chloride 
° 

° el 0 ie 
i socl roi ss 

ArH, - CH - C - CH, —— arc, -C -C- cH, —> arqy =c a, 
Beg 25 scl 5 

AK = 3-O,N CH, Ar=3-FCH, Ar=4 - O,NCH, 

H +: The presence of 6 protons, three a and three ¢& , in a ketone gives {24) 

complex 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 a 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 Oo 

a i "1 
Ch Comes — CL H a H EH ow socl | mM | 

Ww 

ya soc, 
BA PSs aren Me SOC], yy 

Me © Me Me eae Se Me 

26 27 

Addition of thionyl chloride to unsaturated compounds 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 -23'?5) . 

socl, 
2 HC = Cily —®y RO - GH = Gil = § ~ CH, - GH - OR 

! | 
oR cl 0 cl 

28 

Patai and Patchornik (26727) have studied the reaction of -1,1-diarylethylenes 

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

gives the 1,1-diarylvinyl chloride 30. 

Ar,C = CH, + SOCcl, ——> ar,C = CHC] 2 2 

ty
 

© 30 

10



Treatment of maleic anhydride with thionyl chloride in the presence 

of pyridine gave dichloranaleic anhydride ( 28), 

‘Ci. cl 

CoHON Shia 

[AL +m, SS TT 
\ 

Of Se es & oN 

Gladshtein et alle have studied the reaction of 1,1-dichlorothylene 

with thionyl chloride. 

GEL ys 4 
CH, = ccl, ot Soct 5 Boe. Ccls-CHs-SOCL 

1-b : Preparation and stereochemistry of the sulfinyl chlorides 

Sulfinyl chlorides have been prepared by a number of different 

(30-34) methods Barnard (20) has prepared benzenesulfinyl chloride 

‘fram the reaction of benzene with thionyl chloride. 

CeHe + socl, ——> CoH socl 

Primary and secondary alkylsulfur trichlorides (RSCl,) were treated 3) 

under controlled conditions with water to yield alkanesulfinyl chlorides em) 4 

The sulfonyl chlorides 3] with thionyl chloride gave sulfinyl 

Chlorides 32 

Soci an 
R S0,Cl R Soc] 

31 oz 

a



Treatment of 1,1-dichlorodimethyl sulfoxide 33 with chlorine 

gave sulfinyl’ chloride 34 (32). 

CH,CL. 
C1.CH - SOCH. ees CH,SOC1 15¢. —F) (CH SO;CL 1% 2 3 cl 3 Sie: 

2 

a3 34 
Steeter et ai! 33) prepared adamantane-l1-sulfinyl chloride from the reaction of 

adamantane with thionyl chloride. 

Pe SOcl, 
—— 

V a bag Ot 

King and Beatson ea reported that l-chloroethanesulfinyl chloride 

at roam temperature shows a nuclear magnetic resonance spectrum 

typical of a mixture of two diastereoisomers, due to the presence of 

two asymmetric centres. This was the first evidence of optical stability 

for the sulfinyl chloride group. 

socl. 

  

Me - CH - SOjH as Me ~ CH - soci 
cL cl 

Canalini et alto have studied the nuclear magnetic resonance of 

the sulfinyl chlorides35. 

ROX, SOC! Iox= CH, R =H 

35 II x=8 R = GH, 

iit x= 5 R= CoH, 

They have found non-equivalence of the CH, H group in isopropane I 

and ethane II sulfinyii 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 (6) | 

R O Me R ©O Me 
ee. | font 
BC tC ae RS Cee Cie SOC 

| ! -HC1 | | 
H Me H Me 

36 31 
R = CH R = CH, 

7 

R= H R =H 
z 

eee Ce eee ene 

R= i R =H 

The formation of the isopropyl-B-ketosulfinyl chlorides 37 appears to 

depend on the presence of the keto group orenol fumction. 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 sulfoxide absorption of sulfinyl 

(36, 38) 

Woo) in infrared 

to be a strong band at 1150 = 5 an 

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

Spectra has been reported a 

chlorides 37 has been studied using variable temperature techniques 

and various solvents '39) is 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 preferences (29) ei 

13



R-C -C-c - sol 
| ] 
H Me 

R= 4H 

R= 

The reaction of the sulfinyl chlorides with amines was studied by 

Sheppard and Diekmann ‘4° gopta and Cees Treatment of the sulfinyl 

chloride 38 with triethylamine gave 39. 

° 
uN R 

Reis ell Ae) c=s =0 
R 

38 39 

The sulfinamides were obtained from the reaction of sulfinyl. chlorides 

with amines. The aliphatic, cyclo-aliphatic and aromatic ketones 

containing an a-isopropyl moiety could readily be converted to the o- 

sulfinyl chloride on treatment with thionyl chloride and then the 

sul finyl chloride gave the 8 - ketosul finamide on treatment with 

amine 41) 

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

Since 1961, there have been unsuccessful attempts to synthesize 

thietan-3-one and derivatives of thietan-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 a4?) however, has reported 

the synthesis of-2,2,4,4-tetramethylthietan-3-one He found the 

reaction of a, & - dibramodi’ —jsopropyl ketone with sodium hydrosulfide 

gave-2,2,4,4-tetramethylthietan-3-one not the a-mercaptoketone as 

(42) expected u



CH CH. ella ee Hy Ctl 
CH, -C-C-C-CH, + NasH —> on 

I ai ! Se ye 

pr ° Br a, 7 *s oS 
1o 

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-3-one?). For example, when 

dichlorolevulinic acid 40 was treated with sodium hydrosulfide the 

dithiol 41 was obtained (43) | 

CH, - C- Gi- aH, CH, - © - CH - CH,CooH 
legen le) al el onaer eel 

cl cl cooH SH SH 

40 41 

The treatment of dichlorolevulinic acid 40 with sodium sulfide gave the 

thietanone 42 in low yield. 

Luhiann et al. (44) nave reported the synthesis of the thietanone 44 in low 

yield from the reaction of the a, a dibramoketone 43 with sodium sulfide 

° 
n 

CH, C 

| HS \ 
c ——€= 6 + Gye Ge, Hm eA - 

leone! S cH, 
Br Br 

43 44 

15



2, 4-dimethyl- 2, 2, 4-trimethyl- and-2,2, 4,4-tetramethylthietan-3-one 

have been synthesized in low yield from the reaction of the a, d-dibramo 

eee .Fohlisch and Czauderna*®) ketones (45,46, 47) with sodium hydrosulfide 

found the unsubstituted thietan-3one and its—2-methyl derivative could 

not be obtained from the corresponding dibromo-ketones. 

cH ey 2 ql 
38 tee CH Cc cH 

ay ohh a ae i fom 
GC anc 

H I Br ~~ 

H H 

45 

0 
on i u 
{ou ay ee 

aC rs Cun mi) He NasH =) ze oe) if pss ae 
Br : CH, A H 

46 

rn 
Tue 3 cH, c cH, 

Ga, -¢ -C - ¢ - GH, + NasH —> a 

Br Br vas 7 

cH, : a 
a7 

lo 

The reaction of the a, d-dibromoketone 48 with sodium hydrosulfide can 

proceed by three different routes a, b, and c depending on the structure 

of the ketone. 

16



R R R R 
oe) o 1 4 NaSH Tul t \ 
Rw Ce 0 CFCs he RC e- Cl— Cl Ebr 

I ' I | 

Br Br SH Rt 

48 2 3 
i ° 1 ue 

eee Eo cack Recon: 
5 ! ' + ib ae 

SH SH 

es ah 
rR R 

3 Rois Rr R R R 
et ' 4 ¢ 1 i | | 

n-¢-€-c-nt Gogo n-e- 6-6 —f s-c-c-6 },sH 
1 1 NaSH i ‘, \ Mt 

Br Br SH R Rr Oo iM 

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

thietan-3-one in 218 yie1a 47) , 

Q 

Ere Oar 
Po 
~S 

Pizey and symeonides ‘18, ec) 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 aa and twoina position 

usually give 2-chlorcthietan-3-one . The minimum number of a, a -protons 

for the formation of thietanone must be three protons for example 

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

3-one 16. 

17



° 

c 
yes KC oN, eas 

CgH CH, - C - CH PEC c c 
Wn >. 

Oo cH, Gas » 
CH, 

16 

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

yielded the thietan-3-one 50 “6 : 

O° oO 
W i 

c ‘Ss 
H 

fe NaOH a PhCH = C Ci + PhCHO ————»> PhCH=C Cc = CHh 
\e 

s s 

49 50 

Nucleophilic reactions of thietan-3-ones have been investigated by 

Seitz and Hofémann 49) ana Fohlisch and Gottstein - Seitz and Hoffmann '49) 

studied the reaction of the thietan-3-one with hydrazine 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 

g ee Ney 
H € i C) 

7 e a eX 
Scheme a Cc CH, bu NH,NH, ,H0 ——_ s c= -N=C Ss 

TF gt See 
H Ss ry ZC , 

if H ae 
51 

Fohlisch ad cottstein °°) found that the four-membered ring of 52 is cleaved 

by using triphenylphosphine in methanol and gives 53. 

° 
ai - . - 

H c R H R 
7 NE, See 

Scheme Cc oe + RP a s SS 6 

ee: ng ete 
H 

52 
ae 18



mee a 
See, MeOH H 

i — =R3PO CHAS =o 
Ro ae a 

R H 

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 (51) . 

WW 
C,H ic cH " HOOC ca. 
CNet a 4 Sere ok ae 

Jo es + Nach ——> ce 

\ \ ae ‘ 
€L s CH CoRs Nou 

3 
° 

16 uy 54 
Sse, 

(e Be 
Se 

/ 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 

Oe oo pearson '°9) has a hard acid (acceptor) according to Pearson 

shown that donor atams with high electronegativity, small size, low 

polarizability and low oxidizability are hard bases. In 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 

a9



mechanism of the reaction of sodium hydroxide with 2-chlorothietan-3-one 6 

is believed to follow the pathway suggested by Conia and Ripo1t 4) gor the 

reaction of 2-bramocyclobutan-l-one with hard bases. 

4 
cy c CH COOH CH. C,H, CH. 

x 7x vA 3 tl \ ye 6 5\ oa 3 

Cc Cc at we eae ec — c=c 

ra Nee aS on. se? *S yf SS Cols s By 6e5e CH, HOOC CH, 

16 54 

The ring planarity of cyclobutane, cyclobutanone, oxetane, oxetan-3-one, 

thietane and thietan-3-one has been investigated (95-63). 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 (64) ino 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 oxetcn-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 from 

comparable 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 spectra were recorded on a 

Perkin Elmer 237 spectrometer. Mass spectra were obtained using an 

AEI MS9 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. i 

Isobutyronitrile was - prepared from the reaction of 2-chlorcbutane 

with sodium cyanide in dimethyl sulfoxide 6) : 

Dimethyl sulfoxide was dried over a molecular sieve before use. 

Sodium cyanide was kept in an oven for two nights at 60-70°. 

22



Sodium cyanide (60g)in dimethyl sulfoxide (300 ml) was heated to 90°. 

2-Chlorobutane (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. 

40 - 42°/25 m/Hg 

125 - 126°)°°/760mm/tig Yield = 698. 

b.p. 

a (Lite bap. 

IR (thin film) 

2980(s) 2940(m) 2880(m) 2240(s) C=N 

1460(s) 1380(1i) 1330(w) —1090(w) 
=a 

1010(w) 965(m) an 

NMR (CCl) 60 MHZ 

  

  

é multiplicity groups integrals 

0.7-210 multiplet two methyl 8 protons 
and methylene 

2.3-3.2 multiplet 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 Fenian tnvolvine the reaction between a Grignard reagent 

(1 mole) and isobutyronitrile (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 isobutyronitrile (1 mole) 

was added slowly to the reaction mixture, and the resulting mixture 

was kept overnight at roam temperature. It was then hydrolysed with 

excess ION sulfuricacid. 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 mm/Hg yield = 75%. 

Lit b.p. = 220 - 221°/760mVtig. (7) - 

I.R. (thin film) 

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

1710(sXCO)1600(w)  1495(m) 1455 (m) 1380 (w) 

  

  

1040(s) 730(s) —-690(s) an > 

NMR (in ccl,) 

6 | multiplicity integrals groups 

oO doublet 6 protons methyl 

2.4 septet 1 proton methine 

3.5 singlet 2 protons methylene 

Ted singlet 5 protons phenyl             

24



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

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

  

  

  

  

  

  

  

2-b-1. bp. = 76 - 77°/0.08m/Hg. Lit b-p. = 87 - 88°/3mmn/ig, (68) 

I.R. (thin film) 

3500(w)  3060(s) 3040(m) 2970(s) 

2930(m) 2880(m) 1710(s) (C=O) 1600 (w) 

1500(s) 1450(s) 1380(m) 1200 (m) 

a 6 7 
1050(s) —-750(m) am > CH,CH 

4 

CAA CHaC o> CH 
655 Zi, x 
heoon meg 

5 

NMR of 3-methyl-l-phenylpentan—2-one in ccl, and 90 MHz 

é 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 

3.711 methylene (2) singlet 2 protons 

7.200 phenyl multiplet 5 protons             

Figures 1, 2 and 3 show the ly and a nuclear magnetic resonance 

spectrum of 3-methyl-l-phenylpentan-2-one from a Jeol FXx-90 instrument. 
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2-b- 3: 2-Methyl-5-phenylpentan —3-one. 

2-vethy1-5-phenylpentan —3-one was prepared by a similar method to that 

used for benzyl isopropyl ketone (2-b-1). B.P. = 127/0.1mm/tig. 

  

  

An infrared spectrum showed a carbonyl group at 17l0cms™), 

NMR (in CCl 4 ) 30 MHZ 

6 groups multiplicity integrals 

= Phenyl, C;H. Singlet 5 protons 

264 Methylene. C;H, CH,CHy Singlet (b) 4 protons 

1-0.8 Methyl Doublet 6 protons 

267 = 1.6 Methine Septet 1 proton           
  

2- c: Preparation of the dibromoketones. 

2-c-1: 1,3-Dibranc-3-mnethylbutan-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. Hydrobromic 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-dibromo-3-methylbutan-2-one. b.P. = 86 - 88°/12mmy Hg. 

Lit.b.p. = 99/18, Hg °°? 
: 

Lit.b.p. = 115/15um,Hg ‘7 

Yield = 70% 

29



calculated for CyHgBr 40 

Cr 24259 Hi?) 3.2 

found 

iC: 24,3 H= 3.2% 

IR (Thin film) 

  

  

2980 - 2920(m) 1720 (s)(C-= 0) 1450(m) 1370(s) 

1270(3) ant 

NMR (in CCl,) 60 MHZ 

6 group multiplicity integrals 

1.9: Methyl Singlet 6 protons 

4.4 Methylene Singlet 2 protons           
2-c¢ —2: aS -pi branes semethyle -chenyloiten=2-one = =) 

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. Hydrobromic 

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-1-phenylbutan-2-one.



m.p. = 53 - 55° yield = 85% 

calculated for C44) 9Br,0 

C: 41.25 

found 

C: 41.50 

He 3a75 

H: 3.30 % 

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

(table 1 )- 

TR. (KBr disc) 

  

  

3080 (w) 3020 (s) 3000 (w) 2980 (w) 

2920 (w) 1710(s)C=O 1580\w) 1495 (m) 

1450(s) 1430 (w) 1370(s) 1300 (m) 

1200 (m) 1170 (in) T100(s) 1050 (s) 

1000 (m) 7o0(s) ant 

NMR (CCl) 60 MHZ 

é groups multiplicity integrals 

2se5 Methyl Singlet 3 protons 

2.05 Methyl Singlet 3 protons 

6.10 Methine Singlet 1 proton 

7.40 Phenyl Singlet 5 protons         
  

BL



(Table 1) 

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

  

|
3
 g a a Relative intensity 

  

318, 320,322 CBee ccs eee 

239,241 Ces e, Aged 
CH 

170,171 Cg, ~CH gee. 

149,150 ee Deed. 

94: CH=CH           
Comic : Purification of thionyl chloride '”4) 

Triphenyl phosphite (80 ml) was slowly added to thionyl chloride 

(500 ml) and the mixture was distilled using a fractionating colum. 

The main fraction distilled between 75° and 76° at room pressure, yield = 

828. 

IR (thin film) 

1343 (w) 1232(8) ant 

32



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-chlorosulfinyi-3-methylbutan-2-one 
° ° (21) 

b.p. = 56-58/0.15mm/Hg yield = 80%, Lit. b.p. = 80/3.5mm/Hg * 

IR (thin film) 

2980 (w) 2930 (w) 1700(s ) (C=O) 1463 (m) 1420 (m) 

1390 (m) 1365 (s) 1250 (mi) 1155(s)S=O 1110(s) 

  

  

1015 (w) 965 (mt) om 

NWR (Cl,) 30 Miz 

6 multiplicity groups integrals 

203 Singlet Methyl 3 protons 

1.5 Singlet Methyl 6 protons           

The mass spectrum of 3-chlorosu1finy}-3-methylbutan ~2-one did not 

give a molecular ion peak at 168 but showed peaks at Bae 218, 181, 183, 

91, 85. (Table 2).. 

33)



(Table 2) 

Mass spectrum of 3-chlorosulfiny1-3-methylbutan-2-one. 

  

  

    

ne Fragments 

ra 
216, 218 CHy-f-6-S-S-S-C1 

° CH, 

G 
216, 218 aoe $0,8-C1 

° CH, 

ay 
181 CH,-C-C-S 

3 | S 

° CH, 

a 
149 cu.-c-c-s> 

3 Wd 2 

° CH, 

91 C5 
| 

eS 

CH. 
3 

ae 
85 et 

0 
ee) 

: 
70 ee 

° 

43 CH, -ct 
Ti 
° 
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2-e- 2: Di-isopropyl ketone . 

Di-isopropyl ketone (11.4g, 0.1 mole) was treated with thionyl chloride 

(22 ml, 0.3 mole). The reaction mixture was stirred overnight at room 

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 mm/Hg yield = 78% 

° 
Lit. b.p. = 90-9] 4m/ig!2!) 

IR (thin film) 

  

  

2980(8) 2940 (m) (2880 (w) 1695(s)C=0 1462\s) 

1385 (mi) 1155 (s) (S=0) 1080 (5) 1020 (s) on 

NMR (CCl 4) 30 MHz 

é multiplicity groups integrals 

La: Doublet Methyl 6 protons 

1.65 Singlet (ib) Methyl 6 protons 

SAS Septet Methine 1 proton           
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2-e- 3: Diethyl ketone. 

Diethyl ketone (8.6g, O.1 mole) was slowly added to thionyl chloride 

(30 ml, 0.3 mole) at 5°, The reaction mixture was stirred at room 

temperature for one night. Excess thionyl chloride was then evaporated 

off using a rotary evaporator. The product was distilled to give 2-chloro- 

2-chlorosulfenylpentan —3-one b.p. = 78°/4.5 mm/Hg yield = 70%. 

IR (thin film) 

  

  

2990 (m) 2940 (m) 1720(s)C=0 1440(m) 1370 (m) 

1340 (w) 1160 (s) 1080 (s) 960 (w) cm 

NMR (CCl 4) 30 MHz 

6 groups multiplicity integrals 

3.00 Methylene Quartet 2 protons 

2515 Methyl Singlet 3 protons 

225) Methyl Triplet 3 protons           
  

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

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 20°. 

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) —«-2860(w) 1795(s) C=O 

1620(b) —-1440(s) 1380(s) 1170 (w) 

1070(s) 970 (m) 800(s) 750(s) ant 

WR (CC1,) 30 Miz 

6 groups multiplicity integrals 

2.35 Methyl Singlet 3 protons 

Ps20) Methyl Singlet 3 protons       
  

  
The relative intensity of the two singlet peaks at = 2.35 and 5= 2.20 

pom 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 35°, 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 5= 2.35 and 2.2 ppm was 7:3 in NMR spectrum. 

Two 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 Fragments 

oO + 
i 

184, 186, 188 ae wv Aus J, Fy 

c c 
Sy ae 

cl a 7 cl 

es 

156, 158, 160 ae 3 

c Cc 

a s cl 

° 
: ul 

152, 154, 156 C3. ees 

cl oe Na 
° 
i 

fe 149, 151 ee 7 J 3 

Le x ae + 

onl Ss 

° 
" 

122, 124, 126 wAcs 

Ce 

a Nor 
oO 
u 
C 

114 CH, ee 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 confinmed 

the existence of two chlorine atoms in the molecule. 

Accurate mass spectra of 2,4-dichloro-2,4-dimeth ylt hietan-3-one cf 

ions atmé184, 186 and 188. 

  

m/e | molecular formula | calculated given error 

molecular wt. | molecular wt. 

  

35, 

  

  

184 | C,H. *cl,0 s 183.95000 183, 95163 3.5 ppm 

35,37, 186 | cH, *c1%7cl os | 185.94920 185.94868 2.7 pom 

188 cH /cly os 187. 94551 187.94573 1.1 pom             
  

2-e 7-5: Ethyl isopropyl 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 0° 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,) 

3080 (w) 2980 (m) 1780(s) (C=O)  1640(m) 1490(m)  1260(s) 

NMR (CCly) 30MHz 

  

  

6 multiplicity groups integrals 

2.00 Singlet Methyl 3 protons 

1.85 Singlet Methyl 3 protons 

1.58 Singlet Methyl 3 protons       
  

2-@- 5b: Ethyl isopropyl ketone in the presence of pyridine at 0°. 

Ethyl isopropyl ketone (8.6g, O.1 mole) and pyridine (0.2 m1) were 

slowly added to thionyl chloride (22 ml) at 0°. 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. be. = 60°/o. Inm/tig. 

IR (thin film) 

3080 (7a) 2870(w) cm  1760(s) (C=O) 

NMR (cCl,) 30 MHz 

  

  

6 multiplicity 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 pyridiné 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 (9) in the absence of 

pyridine. The mass spectrum of 2-chloro-4,4-dimethyl-2-pheny]thietan- 

3-one showed a molecular ion peak at 226 (Table 4). 

IR (thin film) 

3060 (w) 2980 (m) 2920 (m) 2860 (w) 1780(s) (C=O) 

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

950(w) 860 (ii) 790 (mi) 740(s) om 

NYMR (GCl 4) 30MHZ 

  

  

6 multiplicity integrals groups 

1.40 Singlet 3 protons Methyl 

Tos Singlet 3 protons Methyl 

hed 5 Multiplet 5 protons Phenyl           
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(Table 4) 

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

  

  

    

m/e Fragments 
| 

226, 228 e a 
ul 

CH, Cc CH. 
6 oe 2 3 

Nae SS 
(onl Ss CHA 

O + 

192 i r 

CH g 3 co 
c CN 

ane ee 

Lot 

Ca fi cH. 
6°5 c 3 

ee ue 

a a 

164 = 
“os Sf As : 

ue oa oo 

H Ss Ze CH, 

CH. 
3 163 oe é 

Ve et 
Gry, Ss 3 
65 

oe 
CA 65 CH ae 

~ va 3 

ig a 

77,74 x Nai, 

cH 5 C=S 
Di cu a 

eS:   
 



2- e- 7: 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-methy1-2-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(8) 

1380(m) 1280 (w) an 

NMR (CCl,) 60 MHz 

  

  

$ multiplicity crane 

0.75 - 1.35 | multiplet Ethyl 

1.50 Singlet Methyl (1) 

1.90 Singlet Methyl (2) 

7.30 Multiplet Phenyl         
Whe relative intensity of protons of methyl (1) to methyl (2) is °°/77 = 

1.06. 

13 ' 
Figures 4 and 5 show the H and ~C nuclear magnetic resonance spectra 

of 2-chloro-4-ethyl-4-methyl-2-pheny] thietanone-3-one froma Jeol 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 iS 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) 

m/e Fragments 

205 5 
C,H, CH,CH. 6 SN a Vanes 

+ ¢ ¢ ee 
S 3 

177 Cols, CH.CH 
=< pe 3 
_ Pe 
ee oS 

s CH, 

178 ° 
lI et 

= Crus aac eee 

s 

143 6 

c 
Aa 

cae — 6 —— 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%. 

Gitmpo= 46-4, 

  

  

IR (ccl, ) 

2980(m) 2920(w) 1755(s) (C=O) 1610(m) 1490(w) 

1450(m) =: 1250(w) 1120(s) 1090(s) 950(w) ant 

NMR (CCl, ) 30 MHz 

6 multiplicity groups integrals 

7.45 Multiplet Phenyl and 6 protons 
Methine 

i759 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 

QO + 
HW . 
c CH, 

ee 
204 CgHSCH=C Cc 

Ss CH, 

O° 

¢ cH 
3 

189 C_HigcH=C ie Ne ae 

Ss 

° 
W 

vas 

143 C,H, -CH-C € 4 H 

CH=CH 115 Cols 4 

- 
ale CgH,-CH=C-CH 

Accurate mass spectrum of an ion at ES 204 

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

204 Cy 5H 20S 204 .05143 204 .06088 2.6ppm 
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2-e=— 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(1) : 

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

IR (thin film) 

3080 (1) 3040 (m) 1800 (s)(C=0)1790(s) C=O 1735 (w) 

1600(s) 1580(m) 1500 (m) 1450 (s) 1400 (w) 

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

1030(w)  1c00(w) ——-870(s) 780m) am 

NMR (CCL,) 30 Miz 

  

  

§ multiplicity groups integrals 

Weed 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 

decomposition 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(s)C=01500(n) 1450(m) ~—«1410(6) -—«-1380(s) —-:1340(0m) 

1240(s) 760(s) 700(s) an + 

Fraction (2) 

Fraction (2) was identified dibenzyl ketone. 

W b.p. = 70-90°/0.05mm/Hg 

48-52° Yield 408 m.p. 

IR (KBr disc) 

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

1500 (mm) 1450(s) 1420(s) 13303) 

1290(s) 1180 (10) 1130(m) 1070 (m) 

1030 (m) 930is) g10(m) — 710(s)am + 

NYMR (ccl,) 60MHz 

  

  

6 multiplicity groups integrals 

deed. Singlet Phenyl 5 protons 

3.60 Singlet Methylene 2 protons         
 



2 +: Reactioris of dibromoketones -» 

2-f-1: The reaction of 1,3-dibromo-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 sulfate , 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 (mw 2560 w) 6-H) 1715 (s) (C=O) 

1600 (m) 1500(s) 1450 (m) 1370(m) om? 

NMR (CDC1,) 60 MHz 

is multiplicity 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             
at



The mass spectrum of 1,3-dimercapto-3-methyl-1-phenylbutan-2-one 

did not give the mass mlecular ion 226 as expected but showed ions 

at 222, 221, 210, (Table 7). 

Fraction (2) 
° 

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

IR (thin film) 

  

  

3060-2820(s,m) 2560(w)S-H 1715(s) (C=O) 1600 (m) 

1480 (m) 1450 (m) 1360 (ni) ont 

NMR (CC1,) 30 MHz 

é multiplicity groups 

1.30 Singlet Methyl 

1.55 Singlet : Methyl 

3.20 Singlet Thiol 

3.90 Singlet Methine 

4.00 Singlet Methine 

7.25 Singlet Phenyl         
The mass spectrum cave a parent ion at % 576 Z 
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(Table 7) 

Mass spectrum of 1,3-dimercapto-3-methy1-1-phenylbutan-2-one 

  

  

  

  

n/e Fragments 

oS | a 
222 cH.c —¢-¢ ——— ; 65 2 i ll 

eo ee 

“Gh, 

22) Coa o CH, 

cuOmee ac 

H 

210 Gain ol e 
ST Tin Ait 3 ss 
apes 

ve + 
189 Cee Ciel 

i on 
Sone 

2 

cH 
187 Cue ce call 

65 i Na 
sO 

re + 

180 Clg - Cc - CH, 
Oo SH 

Eth ~ 3 
Ak OP 

159 Cries oe 

SS 

CH ae 

131 CHe-G=C 65 
Na       
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2-£-2: The reaction of 1,3-dibromo-3-methyl-1-phenylbutan-2-one with 

sodium sulfide . 

Sodium sulfide nmonahydrate (25.1g, 0.1 mole) was dissolved in water 

(250 m1). 1,3-Dibromo-3-methyl-1-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=O) 1500(m) 

1450 (s) 1300(m) 1140 (w) 1080(m) 1050(s) 

840 (m) 750(s)  700(s)am > 

The mass spectrum showed mass ion peaks at m/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 - 
° 

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

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

probably 3-bromo-3-methyl-1-phenylbutan-2-one. 
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IR (thin film) 

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

1600(s) 1450(s) 970 (m) an + 

The mass spectrum of fraction 1 showed mass ion at ™ j,> é is 

  

  

NMR (CDCL,) 30 Miz 

6 multiplicity groups 

9231 Doubtiet ') Methy1 ®) 

3 singiet “*) Methy1 

2.8 septet ®) Methine®) 

an 7 Singlet’ Methylene (®) 

3.9 singlet Methylene ~ 
7.3 Singlet ‘~ (RK) Phenyl (K) (X)         
  

K = benzyl isopropyl ketone 

X = might be 3-bromo-3-methyl-1-phenylbutan-2-one. 

Fraction (2) 

b.p. = 100-123/0.05m/tig 

Fraction (2) was identified as a mixture of 3-bromo-3-methyl-1-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) 

ad 
1725(s) (C=O) 1600(w) 1490(m) 1450(m) cm™ 
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6 Multiplicity Groups 

1.3) Singlet Methyl (BK) 

1.5 Singlet Methy1) 

1.6 Singlet Methy1 ) 

3.9 Singlet Methylene ae) 

4.7 Singlet Methine) 

7a Singlet Pheny1 PX) 

7.2 Singlet Pheny1 ")     
  

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

BK = 3-bromo-3-methyl-1-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-one 

  

  

n/e Fragments 

CH, + 
I 

240,242 CelighH, - ¢ c ~ cH, 

2 Br 

° + 

E HW CH, 

224 mpl | 
Ces Say 

pre 
a 

196 C,H cH, - 
65 ae 

aie . 

| | ex, 
SL seis 

0 + 
. 

C 
he tS 

182 C-H.CH s 65) 
Pa 

s 

0 
tc + 

: cH 160 Gus ae eee 2 
c ¢c Re 

oo 
H SS 

132 Cele es 
c=c 

Hea ~ ca   
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2-£-:!3: “The reaction of 1,3-dibromo-3-méthylbutan-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) 
° 

b.p. = 70 - 125/22m/tg 

. Fe Z (44) 
Lit. b.p. = 50-75/25mm/Hg 

IR (thin film) 

1760(m) (C=O) 1710(s) (C=O) 1450(s) 13506) 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-1,2-dithiolan-4-one. 

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

  

  

IR (thin film) 

1715 (s) (C=O) 1450(s) 1360 (m) 1100 (Ss) om 

NWR (CC1,) 30 MHz 

é multiplicity groups 

3.6 Singlet Methylene 

1.45 Singlet Methyl       
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CHAPTER 3 

PREPARATION OF SULFENYL CHLORIDES 

AND THE REACTIONS OF SULFINYL CHLORIDES



Preparation of sulfenyl chlorides 
and the reactions of sulfinyl 
chlorides 

The reaction of ketones with sulfur 
dichloride 

Benzyl isopropyl ketone 

Benzyl isopropyl ketone in the presence 
of aluminium chloride 

Benzyl isopropyl ketone in the presence 
of pyridine 

Ethyl isopropyl ketone in the presence 
of pyridine 

The reactionsof sulfinyl chlorides 

3-Chlorosulfiny1-3-methylbutan-2-one 
with aluminium chloride 

2-Chlorosul finyl-2, 4-dimethylpentan-3- 
one with aluminium chloride 

3-Chlorosulfinyl-3-methylbutan-2-one with 

triethylamine 

2-Chlorosulfinyl-2, 4-dimethylpentan-3- 
one with thionyl chloride 
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CHAPTER THREE 

  

ay Preparation of sulfenyl chlorides and the reactions of sulfinyl 

chlorides. 

Sena 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 mun 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-chlorosulfeny1-3-methyl-1-phenylbutan-2-one and 2-chloro- 

4,4-dimethy1-2-phenylthietan-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) ant 

  

  

6 multiplicity groups 

1.3-0.8 | Doublet Methy1* 

1.5 Singlet Methy1 §/7 

3.5 Singlet Methy1? 

7.3 Maltiplet Pheny17/S/%   
  

K = benzyl isopropyl ketone 

S =-3-Chlorosulfenyl-3-methy1-1-phenylbutan-2-one 

2-Chloro-4 , 4-dimethy1-2~phenylthietan-3-one 4H
 " 
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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 liquid 

was distilled. 

Three fractions were obtained. 

Fraction 1 

b.p. = 40-80°/0.12mm/Hig 

Fraction 1 was identified as benzyl isopropyl ketone 

Fraction 2 
° 

b.p. = 80-82/0.12mn/Hg 

IR (thin film) 

'720{s)c=0 1610(m) 1500(s) 1470(s) 1390(m) 1050s) 

1000(w) ~——-740(s) am + 

Fraction 2 

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

phenylbutan-2-one, 
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NMR (cCl,) 30 Miz 

  

  

      
  

8 multiplicity groups 

3.55 Singlet Methylene 

3.85 Singlet Methylene 

3.00 =" 1,90 Septet Methine 

155 Singlet Two Methyl 

116-0.80 Doublet Two Methyl 

71.206 Singlet Phenyl 

Fraction 3 

Fraction 3 was a mixture of the ketone, sulfenyl chloridefo 60) and 2,2- 

b.p. = 90-96/0.12mm/Hg dimethy1-4-phenylthietan-3-one. een aoe eee eee ee 

IR (thin film) 

  

  

3100 (w) 2990(s) 2940(m) 1765 (mi)(C=O) 1720(s)C-O 

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

850 (w) 700(s) em + 

NR (CCl,) 30 MHz 

é multiplicity groups 

7.20 Multiplet Phenyl 

3595: Singlet Methine 

3.85 Singlet Methylene 

3.55) Singlet Methylene 

1.80 Singlet Methyl 

1.50 Singlet Methyl 

1-£08 Singlet Methyl       
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3 - a- 3: Benzyl isopropyt 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-chlorosulfeny]-3-methyl-1-phenylbutan-2-one. 

The sulfenyl chloride decomposed under distillation. 

IR (thin film) 

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

1040 (s) 730(s) 690(s) an 

NR (CCl) 30 MHz 

  

  

6 multiplicity groups integrals 

1.40 Singlet Methyl 6 protons 

3.85 Singlet Methylene 2 protons 

deeo Singlet Phenyl 5 protons           

3-a- 4: Ethyl isopropyl ketone in the presence of pyridine. 

Pyridine (0.5 ml) was added to ethyl isopropyl ketone (9.9g, O.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) 

1780) (CO) —-1700(8) (Co) -—«:1450(8) em? 

Sb The reactions 6fsulfinyl chlorides - 

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

Aluminium chloride (0.4g, 0.003 mole) was added to 3-chlorosulfinyl- 

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. = 40-50/mm/Hig. The colourless liquid was 3-chloro 

sulfiny1-3-methylbutan-2-one. Yield 80%. 

IR (thin film) 

2980)  2940(m) 1700(s)(CO). 1460(m) 1360(s) 1250 (m) 

  

  

1150(s) (S-0) 1210(s)_— 960em? 

NR (CCL) 30 MHz 

6 multiplicity groups integrals 

1265 Singlet Methyl 6 protons 

2.30 Singlet Methyl 3 protons           
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3-b- 2: 2Chlorosulfinyl-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 (6N). 

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 (Ccl,) 30 MHz 

  

  

é multiplicity groups integrals 3 

d=1.25 Doublet Methyl 6 protons 

1.7-1.80 Singlet Methyl 6 protons 

2c4=35 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 - aleys 

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 - 60°) 

The possible structure of the product was explained in Page 164. 

m.p. = 11\ 

IR (KBr disc) 

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

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

  

  

1o70(m) —-980(m) =» -920(m— 870(s) 770m) amt 

NMR (CDC1,) 30 Miz 

$ multiplicity groups integrals 

1.5 Singlet (b) Methyl 19 2 

2.30 Singlet Methylene 5 3 

7.50 Singlet 7 L           
  

An expansion of the peak at-1.5 ppm showed two lines: 

found 
C=55.0 H= 7.7 S = 14.6% 

Cal-for cjg Hyg03S C=558 H=7.4 S = 14.8% 

The mass spectrum at 70 ev gave ions at % 298; 266, 234, 223, 191,) 124, 956; 
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Accurate mass spectrum of ions at m/e 298, 266 

  

  

m/e | calculated molecular | given mlecular| molecular error 
weight weight formula 

266 266.0457 266 .04688 Cy GH 40283 4.2ppm 

298 | 298.01875 298.01896 2C oH, 084 | 0. 7pm             

The mass spectrum at 15 ev gave ions at 2123, 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 mle). 

  

  

NMR (CCl, ) 30 Miz 

6 multiplicity groups integrals 

Meat Triplet Methyl 3 protons 

2.5 Quartet Methylene 2 protons           
  

3-b- 4: 2-Chlorogulfinyl-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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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 (S$) (C=O) 

1680(s) 1450(s) 1380 (S} 1130(S) 1070(S) 

  

  

1o10(s) —-850(s) ——780(s) cm > 

NMR (CCl 2) 60 MHz 

é multiplicity groups 

1.45 Singlet Methyl 

1.65 Singlet Methyl 

1.75 Singlet Methyl 

r.95 Singlet Methyl         
Mass spectrum showed molecular ions at ' 246,248, 250, 252 (Table 9). 

e 

Fraction 2 
° 

b.p. = 84-86/4mm/Hg 

IR was similar to Fraction 1. 

NYMR (ccl,) 60 MHz 

  

  

6 multiplicity groups integrals 

Singlet Methyl 3 

Singlet Methyl 3 

Singlet Methyl 3           
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Mass spectrum show ions at ™ 246, 248, 250, 252. 
e 

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

  

methyl-1-thiacyclopentan-3-one = 

  

Table (9) 

Mass spectrum of 4,5,5-trichloro-2,2,4-trimethyl-1-thiacyclopentan —3—one 

  

  

ne Fragments Relative intensity 

246, 248, 250, 252 2 Fe fa eo ass ai 
CH. c cH, ? ee oS 
2 Ze 3 

cic Come 
| aoa 

Gio 
\ 
cl 

° € 
al S 

214 cH 210, 212, 214 HC 
=C c 

| ies 
d—c—s 

| 
cl 

183, 135, 187 CH, 83 
cc 

(= st, 
cl—c —s 

| 
cl 

° 5 
i - 

176, 178 Gi CL Gy 
c c 

I | ~cu 3 
ccs.         
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Table (9) - continued 

ne Fragments 

° 

161, 163 1 

c 3 we a 
ue el 

i lee 
ae 

/ 
Gi: 

O 
Wh 

141 ee eae 
os. 

lI ces 
Clr 

5 
132 CHS —C= Ch 

| 
cl - cs       

  

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 formula] calculated molecular | given error 
weight molecular wt. 

246 | C7HgCll30s 245.94431 245 .94396 1.4ppm 
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THE REACTIONS OF THIETAN-3-ONES
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CHAPTER FOUR 

am The reactions of thietan-3-ones 

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

various reagents 

Baia aL: 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, 0.01 mole) 

in diethyl ether (25 ml) at 20 - 25°. ‘he 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° overa water 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-dimethy1-4-phenyl-4-piperidinothietan-3-one. 
  

Tips = 50°) Nield = 32%. 

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

  

  

16°21 

iC H N s 

Calculated 69.81 7.63 5.09 11.64 % 

Found 69.70 7.80 5.00 12.00%           
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IR (KBr disc) 

3030 (Ww) 2940(S) 2860 (m) 2810(m) 1760 (s) (C=O) 

1590 (w’) 1445 (s) 1380 (m) 1360 (m) 1310 (m) 

1250 (Mm) 1230 @n) 1200 (m) 1170 (w) 1110 (w) 

1060 (m) 1035 (my 985 (s) 910 (w) 860 (m) 

840 (m) 820 (m) 7706) 750(s) 710 (w) 

690(m) cm > = 
a nm ra 

Cc 
6 ee yw ae foes 

NMR (CC1,) 30MHz See) ee 
4 as is CH, 

4 Ni 

a? 
3 2 

3 multiplicity groups integrals 

1.35 s Methyl 

1.35-1.80 b.S Methylene (3,4,5)| 12 protons 

AGO, Ss Methyl 

2.50 b.S Methylene (2,6 ) 4 protons 

Tesoro m Phenyl 5 protons         
  

The mass spectrum of 2,2-dimethy1-4-pheny1-4-piperidinothietan-3-one gave 

a molecular ion peak at ne 275 (Table 10). 
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(Table 10) 

Mass spectrum of 2,2-dimethyl-4-phenyl-4-piperidino thietan-3-one 

  

  

  

  

n/e Fragments 

275 ° 
C,H N C cH Oe a Se 

ee. ts eee Cetig s cH, 

243 ° 
e 

CeH, ce cH : PION et 
c ae 

Cols 3 

° 
H, WN ¢ CsA ie a 

228 Y c C,- CH, 

Cos, 

215 Sig 8 
Ci ae 

ee 

35 ai, 

: 
= one - : 198 CoH, N - C- Cac 3 

° 
inl 

c CH, 
= he 

158 CH, C ———c 
N 

Ss 
. + 

117, 84   
  

72 

 



Accurate mass spectnum 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 Cy gH NOS 275.13438 275.13416 O. 7pm 

Aton: 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~+morpholino-4-phenylthietan-3-one. 
  

mp. = 127° Yield = 95% 

  

  

  

Elemental analysis of Cy gH Nos 

c H N Ss 

Calculated 64.98 6.86 5.05 11°50 

Found 65.10 1620 5.00 11.80             
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IR (KBr disc) 

675 (w) 700 (m) 725 (m) 760(s) 800 (S) 

830 (w) 860 (w) 875 (s) 925 (s) 965 (Ww) 

990(w)  1010(m) 1065(w) 1080(vw) 1112(s) 

1150 (vw) 1160(w) 1190(m) 1360 (m) 1375 (m) 

1390 (ww) 1440(s) 1485 (m) 1575 (w) 1590 (vw) 

1755 (SXC O) 2820(m) 2826 (m) 2900(VW) 2962 (m) 

3060 (w) om > 

NMR (CCl,) (30 MHz) 

é multiplicity integrals groups 

ts Singlet 3 protons “CH, 

25 Singlet 3 protons “CH 

2.3. Triplet 4 protons “CH, - N - CHL 

3.6 Triplet 4 protons cH, — On CH 

Tes =759 Multiplet 5 protons CoH,         

Accurate mass spectrum of2,2-dimethy1-4-morpholino-4-phenylthietan-3-one 

of an ion at m/e 277. 

  

  

          

nmYe | molecular formula | given molecular | calculated error 

weight molecular wt. 

277 Cy 5H, gNO>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 

  

277 cia Cc CH. 
Ae Soe ce 

Rays 
ce : cH 3 

F 
0 Z 

229 C,H c ee oN oer. 
Cele . 

cH ! 3 
217 ieee iG vs 

oe N cx 
CoH. 3 

172 aa _ cH, 

c—c¢ 
+ SG 

S Ss va CH 

144 c—e a 
i. ae st 

Tern 
Cees tO CH,     
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4 = ao 93" 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°/0.0lm/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=O) 1730(vw) 1630 (™) 1600(W) 1500 (™m) 

1450 (w) 1380 (w) 1365 (w) 1350 (w) 1265 (m) 

1170 (w) 1120(m)  1070(m) 1020(m) 750 (w) 

700 (mn) 720 (m) emt 
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5 615 oes IN es 

Si te Be ga N s Gs 
7 

2 
NYMR (CCl 4) 30 MHZ 

é multiplicity groups integrals 

ei Singlet Methyl 3 protons 

1.55 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) 

ipe2 0. Multiplet Phenyl 5 protons           

Accurate mass spectrum of 2,2-dimethy1-4—phenyl-4-pyrrolidinothietan-3-one 

of an ion at m/e 261. 

  

  

me | molecular formila | calculated molecular | given error 
weight molecular wt. 

261 Cy 5H, Nos 261.11837 261.11873 1.39pm             

TT.



Table (12) 

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

  

  

    

ne Fragments 

2 + 
261 CH GC cH Cy ey 

ec oC 
ee C,HgN So mace 

a 
229 : CaN CH, 

ee 
va Sei SS 

Cols ii 3 
O 

201 CH Si 65 S va i 

ra ne fo 3 CHa 

191 n 
c fou 

et ee A 

cu’ \s/ \ cH, 

0 
u a 

yo 176 @ ue 
Lorn Xe 

cues CH, 

be 
Cet os : 

126 cz, 
Se 
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Bm Te nae 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 

-1-methylethy1) -4-pheny a4 -1,2-diazetin-3-0l, 
  

mp. = 120 - 128° 

Elemental analysis of C4 

Yield = 67% 

  

  

              

e H N s 

Found 59.61 6.20 12.60 14.10 % 

Calculated 59.46 6.30 12.60 14.41 3 

IR (KBr disc) 

3420(s) 3285 (m) 2960 (w) 2900 (w) 2850 (vw) 

2575 (w)(S—H)1645 (s) 1600 (1!) 1590(m) 1550('s) 

14.80 (w) 1440 (w) 1380 (m) 1360 (w) 1325 (gs) 

1235(m) -1190(w) —-1130(w) om > 

IR (CHC1,) 

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

2860 (w) 2580 (w) 1660(s) 1605 (m) 1565 (s) 

1490(™M ........ CM 
=1 

19



NMR (CDC1,) 60 MHz 

  

  

$ multiplicity groups integrals 

175. Singlet Methyl 6 protons 

3.05 Singlet Thiol 1 proton 

6.15) Singlet Amine 2 protons 

aso Multiplet Phenyl 5 protons           
  

The nuclear magnetic resonance spectrum of the product was taken at 

various concentrations in cocl, 

  

  

        

Wy Conc. of Solution & of NH, 

0.053/0.5 10.6% 6.05 

0.053/1 5.38 5.85 

0.053/1.5 3.5% 5.15 

W = _ The weight of the resulting compound of the reaction (4-a-4) 

V = The volume of CDCl] 
3 

u.v. (cyclohexane) 

(A) - ©.Olllg of the resulting compound of the reaction (4-a-4) was 

dissolved in cyclohexane (25 ml). 0.3 ml of (A) was dissolved in 

cyclohexane (10 ml). 

Cg/lit = 0.3 x 0.0111 x 1000/;, ~ oe 0.01332 

C mole/lit = 0.01332/,55 = 6 x 10> 
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The u.v. spectrum of (7-a-4) shows- 

  

  

          

  

  

A= 270nm A = 0.514 L=la 

A= EHC E = 865 molar extinction coefficient. 

NMR (cOcL, + shift reagent) 60 MHz 

$ multiplicity groups 

@s35 Multiplet Phenyl 

6.10 Singlet (b) NH, OH? 

3.00 Singlet Thiol 

75 Singlet Methyl 

L125 20 Two Singlet Shift reagent 

NMR (CDCl, + D,0 + Shift reagent) 60 MHz 

P multiplicity groups 

T35 Multiplet Phenyl 

6.10 Singlet (b) OH? 

4.65 Singlet Thiol? 

Seto Triplet NH 

1.75 Singlet Methyl 

1.19-1.20 Two singlet Shift reagent         
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Figures 6, 7 and 8 show the 1a, 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. 

  

  

          

nfe molecular formula | given molecular | calculated error 
weight molecular wt. 

222 C, 13, 4N50S 222.08301 222 .08268 1.4ppm 
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Table (13): - 

Mass spectrum of 

3+ (1-Mercapto-1-methylethy1) -4-pheny1-A"-1,2-diazetin-3-ol. 

  

  

    

m/e Pragments 

eae eS 22 Ba ett ee Peak cer 2 Gig G- ¢ - C - SH 
N—N, Ci 

oes 205 + Gls - - C - C= GH 
N—NH SH 

oe ne 
190 CHa cc -¢ — cH Be gee ae 

N—N, 

ey 
178 CH. -C =C-C-SH 

Chores | le Wag 
Haw cH, 

OH | «GH 
i 13 

119 cee cca 
fot 
MH CH, 

104 CH, - CoH 

i 
103 Celi, - CEN : 

CH 
2 ee Z 

75, 77 C - SH, (CgH,) 
eo 

oS 
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Table (14) 

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

  

  

m/e Fragments 

ae a 
Heir ere 222 Cig mea Gr c- Gi 4 

O° x SH 

RED 

ue if 
205 Coy C= Ce GH, 

Oo Noes 

as 
190 Celis C - C - C,- Cll, 

0 N-NH, 

119, 103, 104 2 

75,77 cH, 
z 

Ly" SH Ces) 

SS     
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Table (15): 

Mass spectrum of 
4-(1-mercapto-1-methyiethy/ ) -3-phenyl-s+1 ,2-diazetin-3-ol. 

  

  

m/e Fragments 

hn CH. 

i iene 
222 Celis — C- C- C- , 

OH SH 

M3 
205 Sg in ae aa 

NH—N SH 

190 cgi - ¢- ¢ - E- ch, 

HN-N SH 

160 Seas CN 

N 

104 ee 
NH 

119 2       
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Determination of the chemical shift of the amino group (NE) in the 

hydrazono compound. 

Preparation of 2-hydrazono-3-methyl-1-phenylbutane. (75) 

Hydrazine hydrate (4g, 0.08 mole) was added to barium oxide (153g, O.1 

mole) in ethanol (10 ml). Benzyl isopropyl ketone (13g. 0.08 mole) was 

slowly added to the mixture at (10 - 15°). 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-1-phenylbutane. 

  

  

IR (thin film) 

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

1580 (s) (CN) 1440 (s) 1370 (m} 1020(s) on 

NMR ‘ce1,) 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         
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Detection of carbonyl group of (4-a-4) . 

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

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

temperature overnight. The crystals were filtered off. 

m.p. = 180-182°. 

NYMR (cocl3) 30 MHz 

  

  

        
  

  

  

6 multiplicity groups 

oo Singlet Methyl 

2.25 Singlet Thiol 

Wis58) Multiplet Phenyl 

NVR (CgDg) 30 MHz 

6 multiplicity groups 

1.55 Singlet Methyl 

2,39 Singlet Thiol 

759) Multiplet Phenyl 

8.30 Singlet (b) Amine     
  

IR (KBr disc) 

3500-3000 (b) 1700(s) (C=O) 1590 (m) 1450 (m) on + 
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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) (O.1g) 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. 

mp. = 135-145°a. 

IR (KBr disc) 

3260 (n) 3100-2940(b) - —-2660(w) 1615 (s) (C-=N) 

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

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

1060(s) 1000 6) 920 (m) 790(s) ant 

4=a— 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,-tetramethy1-3,3-dioxo-2 ,2-diphenyl~ 

2,d-bithietanyl. m.p. = 137-139°, Yield = 208. 
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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(s) (C=O) . 

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

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

740(s) 700(8) ont 

NMR (ccl,) 60 MHz 

sere 
S multiplicity groups integrals 

\ 

1.30 Singlet Methyl 6 protons 

1,52 Singlet Methyl 6 protons 

7.20 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 (0.01 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. spectnm forthe reaction mixture 
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Table (16) 

Mass spectrum of 

4,4,4, 4—tetramethy1-3, 3-dioxo-2, 2-dipheny1~2,2-bithietanyl 

  

  

    
  

ne Fragments 

a 
cH Coney 

382 Sa ee 

( Tx : cay ae 2 

318 CoH C cH cH a Eos et Oy a ee 
C= cs 

a s ~~ 
SED Cols oF 

0 ° 
I a 

302 Re : 
ye c— c= a, 

oS Ces 

° ° 
W il cH 

c c 
tan Vat es 

275 c= Ce 
eee ee ae 
SCH: 

cas 

oO 

ie 
aN ee 

210 Clic aw 
ff < =< 

H CeHs CH, 

$5 

 



Table (16) continued 

  

  

    

ne Fragments 

(erat é CH. 
191 oe 

Cc iS 
+N 

sv Nox 
3 

O° 
ut 

C,H, ic CH. 
Bor eS 2 

178 ee aes 

H Be H 

° 
Tt 

CoH & H 6s NN sa 
163 co” of 

Eas 

oe 

H Cr CH. 
2 Se 

147 c —c 
a Ss 

CeHe H 

° 
t 
iS 

Be 
129 ve == Ce 

C,H, 
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4-2 =367 Methylhydrazine 

Methylhydrazine (0.92g, 1.2 ml, 0.02 mole) in dry diethyl ether was 

slowly added to 2-chloro-4,4-dimethy1-2-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 column chromatography on an alumina 

@1,0,) 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=O) 1600(w)  1480(w) 1445(s) 1360\w) 700(s) on 

NMR (Ccl,) 30 MHz 

  

  

        
  

5 multiplicity groups integrals 

doe, Singlet Methyl 3 protons 

1.5 Singlet Methyl 3 protons 

1.6 Singlet Methyl 3 protons 

aes 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 tw) 2980 (m) 2930(s) 2860 (w) 

  

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

1100 (x) 940 (x) cm 2 
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Saas Methanol 

Dry methanol (50 ml) was slowly added to 2-chloro-4,4-dimethyl-2- 

phenylthietan-3-one (2.26g, O.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 m1) 

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-dimethy1-4-phenylthietan-3-one. 
  

b.p. = 98 /O.06mm/Hg Yield = 60%. 

  

  

IR (thin film) 

3030 (Ww) 2980 (m) 2940 (m) 2820(W) 1770(S) (CO) 

1680) 1500(w) 1450(S) 1370 () 1385 (W) 

1190 (™m) 1100 (™) 1060 1030 Ww’) 980 (S) 

920 (w) 860(™)  830(%) = 760(m) 720(™) om 

NYMR (CCl 4)60 MHz 

é multiplicity integrals groups 

1.40 Singlet 3 protons Methyl 

70 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 

atZ194, 191, 190, (Table 17). 
Table (17) 

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

  

  

    
  

  

  

m/e Fragments 

194 Core a: + 
asin Wes 
af See GN 

CH, s cH 

0 n 
191 C,H C cH 6s 3 

ee “2 / 
i 

eS 
s cH, 

190 Cig ° CH, ¥ 
ae a 

ey ss 
cH,0 cH, 

162 Ces. pe + 
—— 

hsm 
cH,0 cH, 

152 CH 5 - 
Los 

CHO 

131 CH CH eS 3 
~ exe c= 

es 

a fe : 
Cglig> C=C - CH, 

9 
ai 

c 
129 GE C+ 

  

 



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

of ions at 194, 190. 
e 

  

  

          

me | molecular formula | given molecular | calculated error 
weight molecular wt. 

194 C1 Hy 40S 194.07653 194.07615 1.9ppm 

190 Cao 190099373 190 .09953 1.00ppm 
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4a- 8: Sodium Methoxide - 

Sodium methoxide (1g, 0.01 mole) was added to 2-chloro-4,4-dimethy1-2- 

phenylthietan-3-one (3.4g, 0.015 mole) at 20°. The reaction mixture was 

stirred overnight at 20°. Dry diethyl ether was used for the separation 

of the product from sodium chloride. The ether was removed and the 

resulting yellow liquid was distilled to give 4-methoxy-2,2-dimethy1-4- 

phenylthietan-3-one. Yield = 50% b.p. = 88/0.05nm/Hg. 

  

  

    
  

IR (CCl) 

3000 - 2900(m) 1760(S) (C=O) 1450(S) 1270(S) 1230(5) 

1050em 7 

NMR (CC1,) 30 MHz 

6 multiplicity groups integrals 

| 

1.65 Singlet Methyl 3 protons 

1.45 Singlet Methyl 3 protons 

3635 Singlet Methoxy 3 protons 

Teoo Multiplet Phenyl 5 protons 

4 = a0? Benzylmercaptan 

Anhydrous pyridine (1.1 ml, 0.01 mole) was dissolved in 2-chloro-4,4- 

dimethy1-2-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 35-40°, The reaction mixture was stirred 

for three days at room temperature. Dry diethyl ether (46-60 ml) was 

10]



added to the resulting solid and the solution was then heated at 40°. 

The precipitated pyridine * hydrochloride was filtered off and the ether 

was removed using ee rotary evaporator. The solid product was recrystallized 

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

Phenylthietan-3-one. 

wep. = 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 Cy gH 2°55 

c H Ss 

Calculated 68.78 5.73 20.38 % 

Found 68.20 5.90 20.80 &           
IR (thin film) 

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

2850 (w) 1760 (s) (C0) 1600) —-:1495(s) 

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

1065 (w) 1030(w) 960 (w) 80O(w) -—-750(s) 

7o0(s) om 
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NE Ost) moo tale 

  

  

        
  

6 multiplicity groups integrals 

1.50 Singlet Methyl 3 protons 

Ages Singlet Methyl 3 protons 

3.70- 3.40 Doublet Methylene 
2 protons 

4.10- 3.80 Doublet _ Methylene 

7.20 Multipiet Pheny! 5 Protons 

4°="ai— 10: Water 

Water (25 ml) was added to 2-chloro-4,4-dimethy1-2-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 sulfate . The ether 

was evaporated and the resulting compound was distilled under reduced 

pressure. The yellow liquid obtained was 3-mercapto-3-methyl-1-phenyl-i,2—- 

° 
butanedione. b.p. = 65 - 67/0.12mm/Hg. Yield = 818. 

The mass spectrum of 3-mercapto-3-methyl-1-phenyl-1,2-butanedione gave a 

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

IR (thin film) 

3075 (w) 3030(wW)  —2980(s) 2940 (m) 2860 (ww) 

2565(w) (SH) 1715 (s) (C=O) 16 75(s) (C=O) 

1600(s) 1585 (m) 1500 (w) 1455 (s) 1390 (w) 

1370 (m) 1320 (ni) 1290(s) 1220(s) 1180 (w) 

1130(w)  1090(s)  1000(w) + 930(m) ~—-880(s) am > 
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NMR (Ocl,) 60 MHz 

  

  

          
  

$ multiplicity groups » integrals 

1.60 Singlet Two Methyl 6 protons 

2.10 Singlet Thiol 1 proton 

7.10 Multiplet Phenyl 5 protons 

4- a1 water in the presence of hydrochloric acid - 
  

Hydrochloric acid (25 ml) IN was added to 2-chloro-4,4-dimethyl1-2- 

phenylthietan-3-one. The reaction mixture was stirred at 50° for four 

days and the product was then extracted several times with ether. The 

ethereal solution was washed with water, collected and dried over anhydrous 

sodium sulfate . The ether was removed using a rotary evaporator. The 

resulting yellow liquid was distilled to give 3-mercapto-3-methy1-1-phenyl- 

1,2-butanedione. b.p. = 65-67°/0.laém/Hg Yield 81%. 

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

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

  

  

ne Fragment 

Cs 
208 ee 

o 0 Gi, 

175 ¢ CH= ¢-c-c— a 
Su ie a 3 

© 0),. Cy 

= =~ * fon + 174 Jo a eee 
@ @ et 

3 

161 CH. C C= C'- cH, 
I > 
Onno 

147 Ces C - C= Ge 
O OH 

cH. 2 
131 cH,-C-c-c+ 

ale 
SH O Oo 

ae 

103 rr ae 

© CH, 

4 105 2 CeHe, Cr 

79 ca, -é-c=s 
| 
a) 

x 
77 cee   
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4 — a-12: Water and Oxygen of air 

Oxidation of 3-mercapto-3-methyl-l-phenyl-1 , 2—butanedione. 

3 - Mercapto-3-methyl-1-pheny1-1,2-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 C22H9904S5 

  

  

            

  

  

¢ H Ss 

Calculated 63.82 Seal 15.45 & 

Found 63.50 5.40 15.40 & 

IR (KBr disc) : 

3100 (w) 3070 (w) 2985 (ww) 2940(w) 2860 (mn) 

1705 (S)C=0) 1675 (s) 1600 (m) 1580 (w) 

1470 (w) 1450(S) 1435 (™) 1390(™ 

13085 (w) 1320(m) 1305 (w) 1285(s) 

1220(s) om? 
NMR ( cl, 60 MHz 

6 multiplicity groups integrals 

1.6 Singlet Four Methyl 12 protons 

7.4 Multiplet Two Phenyl 10 protons             

The mass spectrum gave a molecular ion at ™ 414 (Table 19). 
e 
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Table (19) 

Mass spectrum of bis-butanedione disulfide 
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4-a-13 Magnesium 

2-Chloro-4,4—dimethyl-2-phenylthietan-3-one (2.26g, 0.01 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 room 

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 fran methanol to give-4,4,4,4-tetramethyl-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=O) 

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

1130(s) an + 

NMR (CCl,) 30 MHz 

  

  

6 multiplicity groups integrals 

1.30 Singlet Methyl 3 protons 

1.55 Singlet Methyl 3 protons 

7.10 Singlet Phenyl 5 protons           
108



Fraction (2) 

IR (thin film) 

1710(s) (0) an 

NMR (ccl,) 30 MHz 

  

  

          
  

6 integrals multiplicity groups 

0.9 - 1.2 6 Doublet Methyl 

156° =.326 ft Septet Methine 

355 2 Singlet Methylene 

7.2 5 Singlet Phenyl 

a= a= 14: Magnesium in Tetrahydrofuran (THF) 

2-Chloro-4 , 4-dimethy1-2-phenylthietan-3-one (7.75g, 0.034 mole) in 

THF (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. = 63/0. 1mVg. 

The product was benzyl isopropyl ketone. 

IR (thin film) 

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

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

730(s)  690(s) an + 
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NYR (ccl,) 30 MHz 

  

  

          

$ multiplicity groups integrals 

l.o Doublet Methyl 6 protons 

1.6: = "320 Septet Methine 1 proton 

3.5 Singlet Methylene 2 protons 

7.2 Singlet Phenyl 5 protons 

Av="a ="155 Zinc 

2-Chloro-4 ,4-dimethy1-2-phenylthietan-3-one (2.63g, 0.011 mole) in dry 

ether was added to zinc (2.7lg,+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-l6: Sul: ‘1 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 froma silica gel 

colum using chlorofom. 
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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 (-20°) overnight. The white solid was 

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

Oo 

  

    

  
  

  

  

2-one. m.p = 35 Yield = 55% 

IR (0ci,) 

3080 (m) 3040 (wi) 2980 (mi) 2940 (m) 2880 (w) 

1730(s) (C=0) 1600 (w) 1500 (m) 1445 (s) 

1420 (mi) 1380(s) «1180 (m) 1030(s) cm > 

Elemental analysis of C,H,,C1,0 

c H 

Found 44.9 3.5) % 

Calculated 44.0 353 % 

NMR (CCL) 30 MHz 

é multiplicity groups integrals 

1.9 Singlet Methyl 3 protons 

B.7 — 4.4 Two Doublet Methylene 2 protons 

7.6 Multiplet Phenyl 5 protons       
  

i



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 of1,1,3, 4-tetrachloro-3-methy1-1-phenylbutan-2- 

one Of an ion at m/e 298. 

  

  

ne molecular formula | given molecular | calculated error 

weight molecular wt. 

298 C1 By C140 297.94857 297.94879 0. 7ppm 
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Table (20) 

Mass spectrum of 1,1,3,4-tetrachloro-3-methy1-1-pheny lbutan-2-one 

  

  

139, 141, 143     

m/e Fragments 

cl cH 
ie + 

298, 300, 302, 304, 306 CH -C-¢-c-a@c ots a ee 
cl cl 

ae 
263, 265, 267, 269 GH = GC -ic = cay oe D 

cl cl 

i 
7 pee 

228, 230, 232 Sos Hy ee 
cl 

ae 
c 193, 195 Cony Oi, dag ee 

cl 
° 

‘ i 
161 Cg, - C- C = GH, 

H 

159, 161, 163 cH. € - cl 6s ¢ 
cl 

cH 
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A= Di: 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 maximm energy given to the sample is over the range 

360 - 380 nm and corresponds to ~~700 mz/m2/nm of mean radiant flux. 

The sample was dissolved in cyclohexane and placejin a quartz tube and 

periodically analyzed by infrared spectroscopy. 

Aan Ces, The reaction of 2-chloro-4-ethy1-4-methy1-2-phenylthietan-3- 

one with Morpholine 

Morpholine (1.76g, 0.02 mole) in diethyl ether (20 ml) was added to 

2-chloro-4-ethy1-4-methy1-2-phenylthietan-3-one (2.4g, 0.01 mole) in 

diethyl ether (20 ml) at (15 - 20°) . 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—phenylthietan-3-one. 

IR (thin film) 

3060 (m) 2980(s) 2860 (s) 1760(s) C=O 

1670 (w) 1630 (w) 1600 Ww) 1490 {m) 

1440(s) 1370 (m) 1270(s) 1110(s) 

800(s) om + 
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NYMR (ccl,) 60 MHZ 

6 multiplicity groups 

Ge8 al.) Multiplet Ethyl 

1.45 Singlet Methyl (1) 

ih Singlet Methyl (2) N 
Gis 

2.5 Methylene-CH, CH 

Triplet (d) 

2.95 Singlet (b) Methylene-CH,CH, 

PAU 
3.65 Triplet (d) Methylene-CH, cay 

Tal® Multiplet Phenyl       
  

The ratio of protons of Methyl (1) to Methyl (2) is 0.73. ‘The resulting 

yellow oil was eluted from an alumina (A1,03) colum using carbon 

tetrachloride. 

Fraction 1 

Fraction 2 

IR (thin film) 

1760(s)\\CO) 1670 w) 
<1 

1600 (w) 1440's) cm 
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IR and NMR spectra were similar to the above. 

 



  

  

NR (CCl) 60 MEz 

é multiplicity groups 

0.8-1.20 Multiplet Ethyl 

1.50 Singlet Methyl (1) 

ZN, 2.50 Singlet (b) Methylene-CH, CH 

2.95 Singlet (b) Methylene-CH,-CH, 

7 o™ 
3.65 Triplet (a) Methylene ~CH, CHS 

eee Multiplet Phenyl       

Comparing the NMR spectra before chromatography with fraction 2, showed 

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

1.7 ppm (Methyl 2). Figure 10 shows the } 36 nuclear magnetic 

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

amd mapholine. 
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Aad 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, 0.01 mole) was refluxed 

for eight days with a large excess of thionyl chloride (10 ml) and a small 

amount of pyridine (O.1 ml). The excess of thionyl chloride was 

evaporated off. A thick oil was eluted froma 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 

petroleumether (40 - 60°) to give 2-chloro-2-(a-chloro-a-chlorosul feny1— 

benzyl) -4,4-dimethylthietan-3-one. m.p. = 65 - 67°. Yield = 508 

  

  

IR (KBr disc) 

3075 (vw) 2985 (w) 2940 (w') 2860 (vw) 1780 (s) (C=O) 

1450(s) 1370) 1190 (m) 119(s) 950 (m) 

770(S,) 730) 7008) — 650(™) amt 

NMR (CCl 4) 60 MHz 

6 multiplicity groups integrals 

1.35 Singlet Methyl 3 protons 

L585 Singlet Methyl 3 protons 

Ts65 Singlet Phenyl 5 protons         
  

The mass spectrum of 2-chloro-2-(a-chloro-a-chlorosulfenylhenzyl) —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 formila | calculated molecular given error 
weight molecular wt. 

308 Cy 2H, 11,08 307.96082 307.95961 3.9ppm 

340 Cy 9H 701,055 339 ..93305 339 .93168 4.Oppm 

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

measuring the relative intensity of peaks at M, M42, M+4 and MH. 
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Table (21) 

Mass spectrum of 2-chloro-2-(a-chloro-a-chlorosul fenylbenzy1) -4,4- 

dimethylthietan-3-one. 

  

Fragments 

  

340,342,344, 346 

308, 310, 312, 314 

305, 307, 309 

270, 272     Sess —=c Cc 

scl s CH 
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(Table 21) continued 

  

  

  

ne Fragments 

cl CH 
. tae 
e—c 

TN 
245, 247, 249 HO S| ace és C 3 

cl 

° 
Ww 

C. fH 
238, 240 CHCc=Cc ¢ i 69° j Slee S 

Gin Ss ca. 3 

i" 
ve oS 

203 Cet = Ge 
Ss” cH, 

- yo 
175 CgHgC= C— C 

x : TN     
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CHAPTER 5 

PREPARATION OF SULFINYL CHLORIDES AND 
THIETANONES AND THE REACTIONS OF KETONES 

AND SULFINYL CHLORIDES



CHAPTER 5 

Ee 

ee ee 

5 = b)= 

Sip 

Sea 2 

5 bi-3 

= (pr 4: 

= =o: 

Sie baby 

= pesTt 

Sos 

aera 

<0, 12 

-d- 

mie 

se =I 

bor 

Page 

Discussion 122 

Introeuction 122 

Preparation of sulfinyl chlorides and 
thietanones and the reactions of ketones and 
sulfinyl chlorides 122 

The sulfinyl chlorides 122 

Thietanones 124 

2-Chloro-4, 4—-dimethy1-2-phenylthietan-3- 126 
one 

2-Chloro-2,4,4-trimethylthietan-3-one 127 

2-Chloro-4-ethy1-4-methyl-2-phenylthietan- i31 
3-one 

4-Benzylidene-2,2-dimethylthietan-3-one 134 

2,4-Dichloro-2, 4-dimethylthietan-3-one 135 

2,4-Diphenylthietan-3-one 143 

Investigation of the planarity of 144 
thietanone and thietanone derivatives 

The reaction of a dibromoketone with sodium 148 
sulfide and sodium hydrosulfide 

Dibromoketone with sodium hydrosulfide 142 

Dibromoketone with sodium sulfide eT 

Preparation of the g-ketosulfenyl chlorides 152 

The reactions of the sulfinyl chlorides 156 

2-Chlorosulfiny1-2,4-dimethylpentan-3-one 156 

3-Chlorosulfiny1-3-methylbutan-2-one 162



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 a, d-protons present. Ketones containing 

one alpha proton afforded g-ketosulfinyl chlorides. 8-Ketosulfinyl 

chlorides are intermediates in the reaction between certain ketones and 

thionyl chloride. Ketones with three protons, two in the o-position 

and one in the a-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 

8-keto sulfinyl chlorides. The g-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 26 an, 

The proton magnetic resonance spectra of sulfinyl chlorides provided 

much information for the assignment 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 

(39) solvent employed The optical stability of the chlorosulfinyl group 
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eq (77134,35) . 
has been studi The tetrahedral sulfur atom of the 

chlorosulfinyl group S 0’'Cl can induce magnetic nonequivalence of the 

Coe Thus the sulfiny} chloride group acts as an geminal groups 

asymmetric group and causes nonequivalence in the molecule. 

Vanderylies '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 alternatively an aromatic solvent 

such as benzene should be used. Gupta et al.(39)s have found that these 

Conditions are unnecessary. 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. yeyergon et Bare his cz workers 

Suggested thet cyclic sulfoxides usually lose sulfur monzxide in the 

Mast spectrum. The mess spectrum of the g-ketosulfinyl chlorides 

does nct generally show a parent ion, e.g. the mass spectrum of 

3-shlorosulfinyl-3-methylbtan-3-cne does no: show a parent ion. 

The majer fragment peccace is ketone (C) end peeks at % 216,218 and 18] 

are possibie due to A and B respectively, X is 85 ox S05. There is 

no firm evidence to support the existence of S80, or Ss): 
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Eo i n 
Nu 

8 8 
N
 

a 
w
 

I>
 

| + 
a Cr CaS ~ x ss a 

cas 
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Soi oune * 
eee St gee 

cH, ¢ 

Analysis using gas-liquid chromatography was not successful for the 

determination of the purity of the §-ketosulfinyl chlorides because of 

the high reactivity of these compounds. Finally 8-ketosulfinyl 

Chlorides decompose very quickly at room temperature ina similar 

(80) Manner to alkanesulfinyl chlorides However, &-ketosulfinyl 

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

5-b: ‘Thietanones . 

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

the 2-chlorothietan-3-ones. The carbonyl absorption of these eens 

has a band at 1780 ant 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 sp" 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 = 180, sp* ea 120 

sp” = los, sp’? =< 109 ). This removes p-character from the sigma 

bond of the double bond, but gives it more sS-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 

2 

<C increases s character 
CA — strengthens s bond of 

m systen. 

10 

nae rd o } | One Cy 

4 br 
Cc Cc strain and electron 

x Na Se Ny withdrawing effect raises 
¢ c Cc c C= frequency. 
es ci Nee 

1715 —+ 1760 

strain raises € = O frequency 
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5 -b-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 16. 

ans OF gare 
C-H.CH. in 
62 Geach + SOCL, —> CH, - CH, - C - Cc 

u x | 
c cH, cH, 

15 

n 1 
C,H, Con cH, 65 3 

eye. Se ae 

Poe P cl ca, 

16 

Spectroscopic data confirmed structure 1s. Infrared spectra showed 

a peak at 1780cn" + due to the carbonyl group. Protons of the two 

Methyl and phenyl groups absorbed at 6 = 1.4, 1.75 and 7.35ppm 

respectively in the nuclear magnetic resonance spectrum. The mass 

spectrum of the 2-chlorothietan-3-one16 gave molecular ion peaks 

at 226 and 228 mass units confimming the formation of the 2-chloro- 

thietanone 16. 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)? (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-one - 

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

° 
| 

(ont c 

a Wie NEC 
-¢-Gi + socl, > c ¥f 

7 
Oo - CH, ae \cH, 

cH; 

CH, - CH 
3 2 

Sar 

The position of the carbonyl group of the chlorothietanone 55 is at 

1780en+ in the infrared spectrum and the chemical shifts of the protons 

of the three methyl groups are at 6 = 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 O° (see Page 40) is thought to be 2,2-dimethyl-4-methylenethietan-3- 

one. However, the anomalous 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 

8-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 enol. 

ra 3 
Se Tees gene z=? “gis - Hy - C=C + SOCL, 

CH, OH CH, 

3] 

‘ds: 
' 

oS eu | a 
Cgig = Hy - G = C - Gy — Ce, - cH, Gh = 4c = "cH, 

° soci Oye Lys - a 

oO 
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Scheme b : Nucleophilie attackcf the carbon-carbon double bond. 

a yo3 pes 
Cos, - CH ae ene = cs CH, “C= \ 

ey oS 

a yas (cx P3 
Ce CH oo Cee —— CH, = Ch = C2= ¢ 6°5 2 ve a pearaaes 65 2 (ts 

CH Ss 
3 3 

a ~ 
Ly is cl 

cl 5 al Wi 

© Sonne 
u Hel +CH.- Gi, - € - C-socl 

| 

. 23 

(2a) 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 chloride ‘21 - 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 evidence 

to support scheme a or scheme b. The 8-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 Hell-Volhard-Zelinsky procesd®1» 32) 
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oO 
CH ms m" 

3 

ee OE? eat 
CoHj- CH, - C - C - SOCl ie 

di Ke i n/ 
3 cl s 

a “4 = 
45 0 

56 16 

Bordwell and pitt 8D examined the reaction of sulfoxides with thionyl 

Chloride. Thidcyclopentane: 1-oxide with thionyl chloride gave 

2-chlorothidcyclopentane. They suggested the reaction goes via 

mechanism a or b. 

eS oy igh & + S0,Cl, 

ci———s* 
| 
cL 

o
r
n
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We tried to prepare the cyclic sulfoxide 56 by methods I and II so that 

the mechanism could be further studied. 

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

with aluminium chloride, triethylamine or pyridine. 

Gebtnns h 
c¢ c ! 1 + AlCl Cane 6s agregar ae cl, ; ne 

CH a x , 3 (CHHe)N o. a Nau, 
uw 

O° CcH.N 

15 56 

II. It was also envisaged that the cyclic sulfoxide56 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  ). 

Oo 

=
 

C,H CH c 
re Mek 3 Mg PANTS 

Ve rN methanol oe 

cl s CH, 

i6 ° 
ee Y 

en 
POR 

— 
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The treatment of the dibromoketones with sodium sulfide or sodium 

hydrosulfide did not give thietanone 57 (see page jae ) 

° 
u 

CH ec CH. 
ee Na, i Ce ae 

‘ e c 
- -c-c- + CoH, CH c c- cH, — iS 

I | NaHS Bi H s Ci 
Br Br 3 

57 

5 - b - 3 :2-chloro-4-ethy1-4-methy1-2-phenylthietan-3-one. 

3-Methy1-1-phenylpentan-2-one was treated with thionyl chloride. The 

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

o 
i 

CH, - cH CH, e CH,-CH. ye 3 eS LX fe 3 
Creer cH eee + socl, ——> Cc € 685 fi \ 2 TUX 

° CH, cars en 
3 

59 

The infrared spectrum of the resulting compound showed a band at 

1790 en? 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 Joant 

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 isomers59aand 59b. 

1 i £ I & 

C,H, c CBE,CH. C,H, Cc CH. 

7 eee Sea ee 
C2 7 ea Cc 

LS a 
er Ss CH. Ck s CHo- CH. 6.3 Ge to 3 

59a 59b 
131 a



The stereoisomer assignments can be made from nuclear magnetic resonance 

spectra. The nuclear magnetic resonance of the product showed a 

multiplet at 6 = 0.75 - 1.35ppm due to the ethyl group, two singlets 

at 6 = 1.5 and 1.9 ppm due to methyl protons (C-5 and C - 8) and a peak 

u at 6 = 7.3 ppm 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 1:1. 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 59a and 59b (carbons 6, 

7, 9 and 10). This information, however can easily be obtained from Lo 

nuclear magnetic resonance spectroscopy and hence the presence of the 

isomers can be verified. The a C chemical shift (in parts per million) 

of carbons in structure 59are in pageig3 . There are different chemical 

shifts for carbons 5, 6, 7, 8, 9 and,10 respectively which is evidence 

for the presence of two isomers. 

1 0 5,8 5 
nt ‘ CoH Cc Ca, thietanone tet cH, 

ETS 4 Ta 
C2 4c CoH, - CH, C - GH 

65 
PN a 

cl Ss CH, 3 1 2 3 ZL CH,CH3 

Gay 
8 9 10 Cy 
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The chemical shift of the carbons in the ketone and thietanone (ppm) 

  

  

136 Ketone Thietanone 

ne 129.49 aoNee 

2 47.03 33.05 

3 211.74 190.17 

4 48.54 31397 

(E5) ( 16.03 ( 18.96 

( ( ( 
(8 CS ( 18.64 

(6 (25.9 (25.79 
i ( ( 
C9 —— ( 24.49 

CH (11.59 Roe iiS: 
( ( ( 
(10: ae ee C9553 

  

It was not possible to separate the two isomers from the mixture by 

distillation because of their instability to heat or by colum 

choromatography because of their instability to air. 

The alkyl substituted aliphatic ketones whether acyclic or cyclic have 

(83-85) - substitution 

(86,87) . 

carbonyl chemical shifts in the range 200-220 ppm 

by a halogen atom results in a marked shielding of carbonyl resonances 

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

of as much as Lopam 85-88) . 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-ethy1-4—-methy1-2-phenylthietan-3-one is 190ppm. 

a, 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 workers (°9) . It has been found that tertiary alkyl 

Chlorides can lose the chlorine atom very easily and the relative abundances 

of the mass ion of m-cl is 100%. Identification of the parent ions 

in alkyl chlorides is not usually possible. The mass spectrum of 

2-chloro-4-ethy1-4-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 atan. 

e 
CH iC Hee ic CH. 
ae ue ‘4 m3 CO ee 
ee a Ces Zo Cc 60 

\ a Nye OS 
CH - GH, Ss CH)CH, 

240 m/e 205 m/e 

5-b-4 : 4-Benzylidene-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, ® a, 
To ep net 

CH. - CH - CH, -C- cH + socl, EYEICINE 5 CpHCH CH,” C ~ ¢ ~ soci 65 2 ay \ 2 
° a SS 3 oe 

1 A oe 

C cH Cratos C eae 65 aC 
C.H.CH = C c ar 

aN IS os 
s CH, CH, 

iy 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 compound17 . 

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 and 1755an/ are due to a carbon-carbon double 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 absorption. 

fo 5 
Cc CH. c CH. 

LOE Nigene Neca 
gel oe os ——_ a c 

A N/a / Sree 
s CH, Ss CH, 

17 

A nuclear magnetic resonance spectrum showed singlets at 6 = 1.75 and 

7.45ppm. The relative ratio of the two peaks was 1:1. The peak at 

6 = 1.75ppm was due to the two methyl groups and the peak at 6 = 7.45ppm 

was due to the protons of the benzylidene group. The accurate mass 

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

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 

Ce Cee Cy CeCe CE 
pyridine Y / \ / a. eae 

Cac a. (CMC 
Zi Nees 

Ci se cl 

2A 218 

(CH,CH,)9- C + socl. > 

oe ad 7 LN 
cl s CL 

2. 
The infrared spectrum showed a peak at 1795cam ~ 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 fonmla of C,H,C1,0S which is in agreement with 

the proposed structure. Two singlet peaks at § = 2.2 and 6 = 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-isomers. 

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 89-10) pon 

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 6 = 1.69 and 1-86 ppm 

respectively ‘0)) : 

H x Yi H H x / H 

ee y Sy J yg = 1.69ppm on oe Zo 

Le mor 
ee Co CL lr Cue ca, 

ee aes § = 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 6 = 2.2 and 2.35 ppm 

respectively. 

9 : 
CH c CH 6 = 2.2ppm (onl c CH. 7 

8 ee 3 We ey 3. 6 = 2.35ppm 
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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 

6 = 2.2ppm could be changed by using different conditions for their 

preparation (experimental 2-d-4). In the first condition (at room 

temperature) the relative ratio of peaks at § = 2.35 to 6 = 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 6 = 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 Rees) 

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 6 = 2.35ppm which suggest the peak at 6 = 2.35ppm 

was due to the trans-isomer. However, cis- and trans-2, 3-dichloro2, 

3-dimethylbutene.2 have been separated but there is no difference between 

the chemical shifts of the trans- and cis- methyl protons 103) , 

6a 2.2ppm Seeang = 2+2PRM. 

When the mixture of the cis- and trans- isomers was photo-irradiated, 

cis and trans isomerisation did not take place and the light catalyzed 

the decomposition of the thietanone. 

Ketones containing two protons in the a-position on treatment with thionyl 

Chloride gave the a-chloro-a-sulfenyl chloride derivatives. Higa et 

al (104-106) studied the reaction Of certain ketones and carboxylic 

acids with thionyl chloride. The carboxylic acid 63 and the Ketone 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 proposed (104-106) as 

intermediates in the formation of the sulfenyl chlorides 65 and 68 

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

by thionyl chloride 107, CP) , &.g. the g-ketosulfoxide 107) below. 

Socl, 

RC] Gy Ss — Ch, ——— > Rk C= CH S— Ct 
n 204 3 tl 3 | 
0 ° cl 

Krubsack et a (23) have investigated the mechanism of the formation of 

the thietan-3-one. There are three possible routes for the formation 

of the thietanone (3) 5 
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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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: The third possibility is. 
Soc 0 

AR-CH,-CH - C -CH,, 7 
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/ Se eo 7 
Ar-CH,-CH,- c ~ CH, Ar-CH, - 

oO \ Sd . we a 

Pee a? 
© soci 72 
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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 obvious how a benzothiophene could 

be formed. ee if the chlorosulfenyl chloride 69 was the 

intermediate then it should be possible to explain the formation of the 

thiophene. 

(23) 
Krubsack 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 atom of the sulfenyl chloride group in a 

nucleophilic displacement reaction. 

140



2 y 
ero Be te ee 
a S Ld) c= Cae 
xe Se e Tos 3 

Ss CL 

1 A 

Aol (a re v 

mer ee LSP 
= s Soci -HCL | ‘x 

Finally the absence of thietanone formation in the case of the 

3-hydroxyl-derivative suggests the exclusive operation of the first (a) 

rather than the second (b) mechanism. Pizey and Symeonides (18) have 

studied the reaction of certain ketones containing two protons in the 

a-position. Treatment of the propiophenones 73 with thionyl chloride rapidly 

gave the .sulfinyl chlorides 74 which were slowly converted to the 

a-chloro-o-sulfenyl chlorides 75. The preparation of the a-chloro-o- 

sulfenyl chloride confirmed the views of Krubsack et Else 

CL 

R-C- Gi +501, + R-g-Gi-# —en-¢-c-8 

O° R* oO socl ° scl 

2B 74 5 

R= Coe Ree 

R =m -O,NC (Hy nue Me 

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-o-sulfenyl chloride in the first stage which then underwent 

conversion to-2, 4-dichloro-2, 4-dimethylthietan-3-one. 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. 

LT: It is found that thionyl chloride is able to chlorinate methyl, 

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

12; 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-chlorosulfeny1—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 cL 

since the treatment of diethyl ketone with thionyl chloride gave 

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

° 
u 

] “ets yak Jes 

(CH.CH,)., C + SOCL, —“> ce ¢ eoeu2 6 Die Vy 
fies 1S) Sone ® c ai 

77 

A peak at T7s0en05 in the Gneracca 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 

6 = 4.1 ppm, in addition to the ten phenyl protons at 6 = 7.65 ppm 

(The chemical shift of methine protons attached to three different 

electron-withdrawing group, carbonyl, sulfur and phenyl group is at 

6 = 4-4.5ppm, e.g. the methine proton of thietan-3-one-1-dioxide '108) a 

Therefore the product obtained fran this reaction could be either of the 

structures 78@ or 785. 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. 
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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 70° and the infrared spectrum of the solid compound showed a peak 

at 1700cn >. The appearance of a peak at 1700an + and disappearance 

of a peak at 1790an + 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~chlorosulfenyl 

compound as an intermediate. 

5-b-7 : Investigation of the planarity of thietanone and 

thietanone derivatives. 

Thietan-3-one was prepared by MayYer and Fone? and the planarity of 

this eciooure was studied using the far infrared and microwave region '©3) : 

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 a = 4.2pem 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. 
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If the ring was planar the chemical shift of the protons A and B 

would be equivalent. 
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The nuclear magnetic resonance spectrum of 2-chloro-4, 4-dimethy1 

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 structurel6a and two 

Singlets for structure 16b. (Figures 11 and 12). 
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For further evidence the thietanone 17 was studied. This has only 

One group attached to carbon—4. 

The nuclear magnetic resonance spectrum showed only one singlet 

corresponding to the six methyl protons thus confimming 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-dimethy1-2-phenylthietan-3-one. 

 



5-c : The reaction of a dibramoketone with sodium 

Sulfide and sodium hydrosulfide. 

5-c-1 : Dibromcketone. with sodium hydrosulfide 
  

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

hydrosulfide gave a mixture of the dithiols 7° and 8&0, 

a me 
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pe ° «Br SH? 0 SH 

79 
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Cgc - C- C= S-CH-C-C— SH 
| | I i 43 

SH CH, CoH, CH, 
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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?2 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 1715aa > due to thiol 

(S - H) and carbonyl groupsrespectively. Proton nuclear magnetic 

xesonance analysis showed that the chemical shift of the methine proton 

of the dithiol 79 had shifted to high field at 6 = 3.8 ppm when compared 

with the methine proton of the dibramoketone. The S - H proton appeared 

at 6 = 3.15 ppm. ‘The relative intensity ofthe peak at 3.8 to the peak at 
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3.15 pam is 1:2 which made it easy to differentiate between the methine 

and thiol proton. The mass spectrum of the dithiol 79 is expected to 

be similar to those of other thiols. Levy and stan 11) have 

studied the mass spectrum of thiol campounds. Fragmentation of these 

compounds gave ions A, B and C in high abundance. 
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Loss of hydrogen sulfide is another probable fragmentation mode in 

thio1s 1) -, ‘The mass spectrum of the dithiol72 was found to be 

dissimilar to the general patterns of thiols. In this compound the major 

fragments are D, E and F. However, the dithiol 79 did not show a parent 

jon peak at 226 but the existence of fragments D, E and F suggested 

the formation of the dithiol79 . 
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Analysis of the second fraction : 

The infrared spectrum of this fraction showed peaks at 1715 and 2560 ant 

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 6 =7.25 ppm. At first sight this information suggests there 

is a mixture of dithiol 79 and dithiolanone 81 

Ounces 9 
1 

Creecleamic rec = eee as es 4 ak on5y 
Br Br SH s=33 

72 81 

but further information suggested that this compound was in fact pure 

and is neither of these. The dithiolanone 81 was prepared by the 

reaction of a dibramoketone with sodium sulfide, the chemical shift of 

the methyl and methine protons of this compound was different to that 

shown in the nuclear magnetic spectrum of fraction 2, (see 5-c-2). 

The mass spectrum of fraction 2 gave anion at % 576 and the 

fragmentation patterns were different to those of the dithiol 79 and the 

dithiolanone 81. 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. 

qa oes OWS 4 
oe ee Ge Geen ae 

oO Br Br SH CH, CH; CH, 

8 n=3 

150



The existence of ions at z 576, 224, 192 and 191 in the mass spectrum 

‘is due to A, B, C and D. 
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5 -c- 2: Dibramketone with Sodium Sulfide 

1, 3-Dibromo-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 81. 
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The carbonyl group of dithiohnone 81 gave a peak at 1725 ant 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 

Aa Sor M~ CO and M - S, - CO were detected in the spectrum of the 

dithiolanone &1 
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5-d : Preparation of the §-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 rocm temperature 
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probably gave a mixture of starting material, the sulfenyl chloride 82 

and the thietanonel6. 
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In this reaction the rate of cyclization is slower than the rate of 

formation of sulfenyl chloride. 
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The position of the carbonyl group of the thietanone 16 and the 

sulfenyl chloride 82 were at 1780 and 17loan + respectively. The 

separation of the mixture is not possible by distillation. This 

could be due to reaction of the thietanone1é with the sulfenyl 

chloride 82 . 
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R= CoH, - CH, - C- C- 

II : Harris and ire neve prepared the sunfenyl chloride 83 in low 

yield by treating di-isopropyl ketone with sulfur dichloride in the 

presence of aluminium chloride. 
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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 thietanone 57 and 

the sulfenyl choride 82. The formation of the thietanone 57 was found 

after distillation. In fact some of the sulfenyl chloride 82 changed 

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

spectrum. The single peaks at 6 = 1.5, 1.8 and 3.95 ppm are due to 

the two methyls and methine protons. The single peak at 6 = 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 57. 

The peak at 6 = 3.85 ppm was probably due to the methylene protons of 

the sulfenyl chloride 82. The reaction of benzyl isopropyl ketone 

with sulfur dichloride in the presence of aluminium chloride could 

also give a thiacyclic compound 84. 
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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 small amount of pyridine the reaction gave the sulfenyl chloride 82 , 

but the product decomposed under distillation. The nuclear magnetic 

spectrum of the crude product showed peaks at 6 = 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 al) ‘i 

They found the sulfinyl chloride 9 did not react with thionyl chloride 

under this condition. Non-reactivity was ecicoaitzed 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 formed 36) Gupta '2") reported that the 

sulfinyl chloride 9 with thionyl chloride in the presence of pyridine 

at roam temperature gave the thietanone lo. 

0 i 
cH cH cH, 

Se aes rae ae 
cH-c-c - Sol + soci, BEigins, 

a ai RT Pe 
ey : 5 A 

9 10 

156



However when the same reaction was done under similar conditions the 

resulting campound was found not to be the thietanone 10, 

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

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

of the resulting compound 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 spectrum 

showed four singlet peaks. The product was distilled under vacuum and 

the fraction boiling at 84-86 /4mntig was collected. 

Treatment of the sulfinyl chloride 9 with thionyl chloride was 

expected to give thietanone l-oxide 85, 

° m 
CH. CH CH Cc CH. 3 i? / ee ee 
CH - C- C - SOC] + SOCL, —~—> Cc c 

leer ee i Tae ign S 
CH CH, CH, e CA 

oO 

lw
o 

oo
 

a 

The thietanone l-oxide 85 (113, 114) jos been reported to be a white 

solid with a melting point of 106° having carbonyl and sulfoxide 

infrared absorbances at 1705 and 1070en + respectively. Furthermore 

the methyl protons of the thietanone l-oxide 85 gave singlets at 

6 = 1.6 and 1.5 ppm(213, ae 

° 
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 1o70cm + and the nuclear magnetic resonance spectrum showed peaks 

at 6 = 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 CjH,C1,0S 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 = 0) group. A peak due to sulfur 

monoxide was not found at 48 mass units. If the bands at 1750 and 

1070 en > hee due to carbonyl and sulfoxide groupsin the infrared spectrum 

the molecular formmla should have two oxygen atoms, hence a band at 

1070en"+ in the infrared spectrum does not belong to the sulfoxide 

functional group (S = 0). The possible structure of fraction 2 is the 

thiolanone 86. 

The major fragments in the mass spectrum are due to loss of HCl, (co +.GL) 

and chlorine. 
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The formation of the thiolanone 86 is presumably via the route shown. 

°O 

cH CHy ¢ 2 
Cols > a 

Go = Gl -¢ 0 — scl Fock, c c toe 2 anor MVS 
cH cH Zi a5 CH, 3 3 el 

9 85 
4 

eg CH, o 
we Ra se ¢ CH, 

fee Sa oe os So) i I 
CH I (Ha oe a S CH g H : 2 

; OH 
87 

HCL |e 

° ° a me i - a a Cc 3 3 3 ie 

es Die Cs Leal 
cH CH. 3 cH cH, eer 2 s 2 

° 
Ca os ote 

| 

cl 

0 CH. cee CH, 30 oan CH, 

XA a 
cH cl z CH cL 

2 s ae he 

88 ° a 

86 
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Bushby ‘14) giscovered 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 +0H sense, and both reactions 

involve ring expansion. when the sulfoxide’85 is heated in refluxing 

benzene, the resulting materials were 89a and 89b. 

° 
Ww CH. 
eee cH, SOH cH a 

\ aN a Benzene CH. c S ——,. y “ 2—*) 

eS. —c CH, ce 
2 Gi a CL omy a ae 

° 89a H CH, Cu. he, 8 89a 
vee 

85 87 = 
a il ae 

CHs 895 

4 Se 
° oe) 

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 sulfenic 

acid87 . The intermediate sulfenic acid 87 cyclizes to the thiolanone88 . 

The chlorination of the .monochlorothiolanone 88 is possible by 

thioryl chloride to give the trichlorothiolanone 86. 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.g. 

tert-butyl methyl sulfide with thionyl chloride gives tert-butyl 

trichloromethyl sulfide Soh) < 

(CH), ~C-S—CH, + SOCl, ——> (CH,) 3c - S— CHCl 

| soc, 

(CH) 3C =—s— cel, 
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5-@-2 : 3-chlorosulfinyl-3-methylbutan-2-one 

The synthesis of the thietan l-oxide was attempted by treating the 

sulfinyl chloride 90 with triethylamine. Treatment of one equivalent 

of the sulfinyl chloride with one equivalent of triethylamine gave one 

equivalent of triethylamine hydrochloride, however the thietmone 

l-oxide 21 was not found (Infrared spectrum analysis show no high field 

carbonyl group at 1780cn\ +) nuclear magnetic resonance spectrum analysis 

did not show peaks for methyl protons (a, b) at 1.5, 1.6 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 a-position to the 

carbonyl group. 

° 
a 

CH. 
Oo 3 H iC CH. 
tie aloe VE Se Neuse 

CH, ~ C- C ~ SOC1 + Et,N EEE Cc Cc 
1 / / aaa 

CH, H 2 CH, 

° 

90 91 

The thietanone l-oxide Sl may not have formed because of dimerization 

of the reaction intermediate to give either structure 92 or93 . 

6 ts “3 
ih x 

BCH, - C - C - SOCL + 2Bt,N —“—> fai -¢-¢ - 50}, + 2HCL,Bt,N 
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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 1070am 2. ‘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 45am The nuclear magnetic resonance spectrum 

of the product gave peaks at 6 = 1.5 , 2.3 and 7.5 ppm in a relative 

intensity of 12:3:1 respectively. The peaks at 6 = 1.5 and 2.3 ppm 

of the product are in the same position asinthe starting material (the 

sulfinyl chloride 90). 

A 
B 

a 
CH, - C - C ~ SOCL 90 

ey a 

Neary 
6 = 2.3ppm 6 = 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 6 = 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 compound 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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83 = 2.3 ppm, one singlet 
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: =i 
The absence of a carbonyl group at approximately 1760 - 1790 cm 

in the infrared spectrum contradicts structure 95- However the 

nuclear magnetic resonance and infrared spectrum of the product are 

correct for compound 96 but the C, H, S analysis of the product 

showed a molecular formula CoH 6938 + The mass spectrum gave a parent 

ion peak at 298 mass units. The molecular formula of this ion was 

Cy Hy 9,8 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. “117s 18) Sneen (1) has 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) Sere = RR Re a x (1) 
aK 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 

[x ol?> [zx] 5, the steady-state rate equation for q’ the pseudo- Xobs 

first-order rate constant, is given by 

KK, n | 

Roped ee " ObDs« <7 K,+ K| 8] 

There are two limiting cases:I: x, (J >> Ky, so Kopsa iG and we have 

rates independent of [WJ ana SN,-like process; IZ? K_,>>K, lw] Ropsa = 
a 

KK, (i so that the reaction is first order in {J and second 

order overall. These two cases corresponding respectively to rate- 
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limiting ionization and nucleoshilic attack on a preformed ion pair, 

are thus kinetically indistinguishable from SN) in the former limit and the 

traditional SN, in the latter. If, however, Ki 9 [i], 9 2) shows that 

the order with respect to [fl] 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 

a ° 

CH, c cH “eis c CH 6 Day ae nS ee 
ow af, < + BH ————> HC1,BH + Cc n c 

cl s CH, BY “sg 7 Na, 

16 98 

  

  

4 

oe Co erly ee a 
(2 L 

H   

      
A Piperidine Na Se 

H 

B Morpholine A 

GC Pyrrolidine A B c 

Analysis of 98A 

The infrared spectrum of the piperidinothietanone 98A showed a strong 

absorption band at 1760em +. The carbonyl absorption of 98A is shifted 

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 + (see page j24 )- 

However, in the aminothietanone 98 there is still strain, but electron 

donation lowers the carbonyl stretch frequency to 1760cm/. On the other 

hand the inductive effect of amino groups is less than that of a chlorine 

atom. 

oO cn 5 
Ca, c CH C,H, ie CH 
65 3 65 3 

parse a hee 
Gt ae Se ” cH en ie 

3 s CH, 

e 98 
strain and electron withdrawing strain effect 

effect 

The appearance of new peaks at 1035 and 1230ams / 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 6 = 1.35, 1.6ppm due’ to two methyl groups, a broad singlet 

peak at 6 = 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, 

6 = 1.35-1.8ppm. The relative intensity of peaks at 6 = 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 anion at %275 gave the molecular formula as 

Cy gH NOS and elemental analysis confirmed this molecular formula. 
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Analysis of the morpholinothietanone 98B - 

The carbonyl absorption frequency of the morpholinothietanone 988 is at 

1755 cm + in the infrared spectrum. The two methyl protons of 988 have 

different chemical shifts at 6 = 1.3 and 1.5 ppm as expected. The 

methylene protons gave two triplets at 6 = 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 ™ ie 277. 

gave the molecular formula as Cy 5H, gN0.S- The molecular forma 

Cy cH. 4h 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 decomposition. 

° 0 

ae sen c Grae cH, 
[eRe Nee 8 a S 
ee eee A are 

H on y 5 eae) 
wy, ; 

16 2 98C 

1 <h 
The infrared spectrum showed peaks at 1760cm~ and 1020cm~ due to the 

carbonyl and C-N bond respectively. 
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The nuclear magnetic resonance spectrum showed a multiplet at 6 = 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 deformmed. The 

mass spectrum of the thietanone 98C showed a molecular ion peak at 261 

mass units. The accurate mass spectrum of an ion at 2261 gave the molecular 

formila as Cy 5H, NOS 5 

The mass spectra of the thietanones 98Ar 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 formI, followed by loss of carbon 

monoxide to form II. The fragment III is also found. 

+ 

+ ot, . 

III Be 

X = Piperidine, Morpholine, idine 
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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. 

° ° 
iW iW 

Cee c CH. C,H, Cc CH Se ae 3 Shine ee ee 

= S oe +2BH —> ae bene, 4HCL, BH 

cl eee CH, B s CH, 

16. 98 

BH = Piperidine, Morpholine and Pyrrolidine. 

The rate of the reaction was found to increase in the order piperidine 

< morpholine. The PK, values of piperidine and morpholine are 18.92 

and 16.61 respectively. (113; 120) 

Thus it is apparent that the rate of the reaction is not in accordance 

with basicity. If the reaction were in accordance with basicity or 

nucleophilicity then the pathway would be substitution nucleophilic () 

(see page 19| ). 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 isomers. 

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 

0. 
tt io 

CH ic CH. C,H, CH)-CH ( ety Ve? : ma, ve \. B23 ; see 

fe ue te a Ses . 
§ oo SS 

52b 38a 

Q Q 
H, c CH. CH, CH,CH. Po a x Ss 3 a a os 3 

es c + 
a 

Caren 6 ae Sauce, CaHgno a / ae CH, 

If the reaction proceeded by eee 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 - 

o ° 
ay i 

c ~ z 
So. ce ee Pew eG —— 

reo) cl a “s7/| BH 
cl 

° ° 
a) it 

ele ee nee ene a 
Pee Cite eae s B s -H 

ae eel 
cl 

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 methoxythietanone 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. 

2 ° 
I 

CH c CH. CH. Cc CoH eye RT Bee a 05 
S c ee 4+HC1 

TRO ae an an ee ae 
CE Ss CH. CH. Ss 

2 Bi 3 

16 ae ee 99 
Pyridine 

The position of carbonyl group of the methoxythietanone 99 is at 1770em > 

and the C-H stretch Of the methyl and phenyl groupsin the thietanones 

16 98 ,29has characteristic absorptions at approximately 3060-2860em + 

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 2820em + 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-OCH3) 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 formula Cy 4H 42 and Cy), 0s respectively. These molecular 

formula correspond to A and B. 

= 190 

° 
it 

Ca, c CH 
oso ey a a 3 

(2) c 
Grote eae a Ne 

3 3 

99 

= 194 

  

ies
] 

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 equivalent 

of 2-chlorothietanone |6 with two equivalents of benzylmercaptan did not 

yield the thietanone 100. This anomalous behaviour will be discussed in 

section (6-a-9). 
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cr iC CH. GH, 
MON Vers 7 Oe a aa 

iC C +2C-H_CH.SH ——> Cc Cc 

eee ee hat he ae a 6s 3 j CoH,-CH-S Ss ca, 

16 

When the reaction of the chlorothietanone 16with benzylmercaptan was 

carried out in the presence of one equivalent of pyridine, the product 

was the benzylthiothietanone 190. 

9 4 
i 

on c cH, Cec om oes 

hes a C_H.CH.S Ne +C.H.CHSH+C.H.N—> cC C+ HC1, C,H,N av 652 ens Ces 

cones “aa, Js’ ca 
CgHgCHy-S 3 

16 
ne 100 

The position of the carbonyl group at 1760em + 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 6 = 1.5, 1.75 and 7.2ppm were due to two methyl and phenyl protons. 

The methylene protons of the thietanone loowere seen as two doublets. The 

two methylene protons have different chemical shifts, because carbon-2 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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es 65 yo ois 

iA =e c 
GH = Cc Re a Nou 65 ' 3 

5 100 

The elemental analysis agreed with molecular formula Cy gH) g°S, for 

thietanone 190- 

6 ace" 5? 3-Mercapto-3-methy1-1-pheny1-1,2-butanedione - 

The treatment of the chlorothietanone]6 with water gave the diketone 101. 

O° 
it 

CH 
CoH ae oa 13 

ae wo Geet seer acces ee 8 

Ci Ss CH CO) OFercH: 

16 tot 

The spectroscopy data confirmed the formation of diketonel01. 

The appearance of a weak peak at 2565 on in the infrared spectrum showed 

1 are due the presence of a thiol group. Strong bands at 1675 and 1715 cm 

to the carbonyl groups. The carbonyl absorption of the diketone 101 is 

shifted about JOcn + to a lower wave number compared to the thietanonelé. 

The nuclear magnetic resonance spectrum of the diketone 10] showed peaks at 

6=1.6, 2.1 and 7.lppm 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 seo 
elemental analysis. The mass spectrum of the diketone 101 gave ion at we 

208 in low abundance. The major fragments are A, B, C and D. 
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B 

There are two possibilities for the mechanism of the reaction - 

(I) Replacement of chlorine by a hydroxyl group followed by ring opening. 

0 4 
Cy CC gs " aS CoN 6s 
a ie eae i) - os 

CH, c cl eee cH, a Co 

SH 
| 

pen Mer eres 

oS 

Ly,



(II) Ring-opening before elimination of the chlorine atom. 

° 

CH c CoH 
SN Pao ay 615 

c S 

cH,” \ an Ne 

  

CH 
ae ° 

Sie 
ae aah ele, Cols 

SH 

178



6-a-6: The reaction.of thietanone” with hydrazine hydrate. 

One 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 2575an™ 

(thiol, S-H stretch) suggested that ring opening of I6 had occurred. 

1 

Hence: 

O ° 
C i 

C,H, 
Cots. << os ir 65 a 

ent o + 2NH,NH, HO —A—> “ ee ae 
ag a De ie: aa ae Se A SS 

SS 2 a 
t = 102 

but 

0 

C,H, ¢c 
CN 7 Ne 3 

ao ya + 2NH,NH, ,H0 

cL CH, me 

= ee a a 
Cs - C - C - oC - OH, Cols - S eG 8-H, 

oO NAH, CH. N —N SH Pion 7 
OH SH 

103 i 104 

ene 
ay CH. 2 3 

105 
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Ring opening could give rise to a variety of products as suggested above, 

©-9+103 y 104,105 

The infrared spectrum of the reaction product gave peaks at 3420, 3285, 

2575, 1645, 1600, 1590 and 1550am +. A peak at 1645am + could be due to 

the carbonyl or carbon-nitrogen double bond (C=N) group. The position of the 

carbonyl group normally appears at approximately 1725an 2, however, 

conjugation and hydrogen bonding shift this band to lower wave number. 

1 Thus the absorption at 1645cm ~~ could be attributed to the carbonyl 

stretch in103. 

  

R 
I 

Ce aC aC ——_— 
GS Walt ~ 

N 

/ CH. 
1 

a R= C 
H, 1 

2 SH 

If the carbonyl absorption of the compound 103was at 1645cn > 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 7, 

The carbon-nitrogen double bond (C=N)stretch in the hydrazono-compound 106 

has been found to be at 158cm >. 
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However,the infrared spectrum of the product showed medium peaks at 

1590cm + and 1600em™, 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 3420an + and 3285 

em correspond to the imino (N-H) or hydroxyl (0-H) stretching 

frequencies. The infrared spectrum of the product showed the presence 

of two bands at 3285 and 3420em 2, These bands suggest the presence 

of hydroxyl (O-H) stretch (3420 ear) and imino (N-H) stretch (3285en + ). 

This is evidence for 104 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, 104 or 105 A peak at 

6 = 6.15pom 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 6 = 5.05ppm. Thus the 

peak at 6 = 6.15 ppm does not appear to correspond to the amino (NH) 

group of 103. The mass spectrum of the product gave ions at m/e 

222, 205, 190, 119, 103, 104 and 75. If the compound 103 is the product of 

the reaction it would be possible to draw fragments A, B and C for the ions 

at 2 205, 190° and 75. However, the ions at 2 119, 103, 104 would not fit 

into this fragmentation pattern. Furthermore for structure 103 the ion at % 

105 (CoHKC+) would be expected to occur in high abundance. 

° 
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13 The “~C nuclear magnetic resonance spectrum did not reveal the 

presence of a carbonyl group between 170 - 210ppm. Thus the 

spectroscopic data does not filly 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 

lW04or 105 . 

OH CH, OH CH, 

| | | | 
Cr = Cat Ca “Cy = CH Cone a" iGW eC aC Ba BCH 65 1 a i 3 65 ii | 3 

NSN SH N = N SH 

H H 

104 

The peak at 1645an + is due to carbon-nitrogen double bond (C=N) stretch 

‘The imino (N-H) and hydroxyl stretch are seen at 3420 and 3285an/ and a 

weak peak at 2575am > is due to the thiol (S-H) group in the infrared 

spectrum. Peaks at 1590 and 1600an + are due to imino (N-H) 

deformation. The peak at 6 = 6./5ppm in the nuclear magnetic resonance 
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spectrum is likely to be due to an overlap of imino (N-H) and hydroxyl 

(O-H) resonances (due to proton exchange). For more information the 

(121) 
nuclear magnetic resonance of |Q7 was studied. The chemical shift 

of the imino (N-H) proton in structure|07 is at 6 = 5.7ppm. 

Ph - CH CH.Ph 
i | 2 
N - NH ——-> 6=5.7ppm. 

107 

Thus the peak at 6 = 6. |5ppm 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 104 and 105. 

If the product was compound 104, the phenyl protons in the nuclear 

magnetic resonance would occur as a singlet. If the product was 

compound 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 105. The presence of ions at T1193, 103, 104 

can also easily be explained in terms of structure 105. 
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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. 

cal 
Coes pce Ss EN poe cH, 

e + NENA, HO ———+ 
CN 202 oe 

ev s 3 CoH, 3 

16 

H 
H N pos 

N-N YS cH = 
3 HN Cy mince 

a> eas Nee 
Ce C=C =C = HH Sn a. Cc ce 65 3 oe 

ter cH” sty 
OH SH 65 3 

105 108 

6-a- 7: The reaction of thietanone™ 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. 

Column chromatography was used for the purification of the liquid 

fraction and two fractions were collected. 

Analysis of fraction (I) 

ME 
The infrared spectrum showed a peak at 1765cm ~ 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 mits. The presence of a carbonyl band at 

1765em + 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 . 
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16 109 

It is suggested that the thietanone I]60n treatment with methvlhydrazine gives 

109in the first stage and the dehydrogenation of the 169 gives 110. 

However, the dehydrogenation of the 109 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 238,234, 

224, 219, 163 . The ions at 2 238, 234 have a low abundance (about 15%) 

and peaks at 224, 219 and 163 have high abundance. The analysis of the ions 

at 2 238 and 224 was not possible for the suggested structure 110. The 

ions at ‘219, 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 

dil for fraction 2. Methylhydrazine has two nucleophilic centres 

(NH and NE) . Attack of the amine (NH) group on carbon-2 gave 

thietanorile 110 and attack of the imino group on carbon-2 gave 111. 
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6-a- 8: The reaction of thietanone® with phenylhydrazine , 

One equivalent of the thietanone 16 was treated with two equivalents of 

phenylhydrazine. The product was expected to be the thietanone 12. 

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. 

. : i 
C,H, c CH. CH, c CH. 

6 Bee Ba gy 3 i 6 rx YS We 3 

c c + PhNHNH, => c Cc 

eS / | wie 
cL s CH ¢ CoH oN s CHA 

HH 

16 
a M2 

The nuclear magnetic resonance spectrum of the product showed two 

singlets and one multiplet due to methyl and phenyl protons in relative 

intensity 6:5. The mass spectrum gave a parent ion at 382 mass 

units. The ions at %318, 302, 275 are attributed to the fragments A, 

BandC. These findings agreed with structure 5g. The elemental 

analysis confirmed the structure of 58. 
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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. 

0 © tt : 
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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- 

dimethy1-2-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 OH > OCH, > RNH > RS, 

and the"hardness" sequence of carbanions follows the order sp > sp*> sp? 

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 nucleophiles could attack at either 

of these two centres, depending on their degree of hardness or softness. 

1: nucleophilic attack on C-2 

° 0 
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2: attack on the C-3 
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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 (CH,OH) amine (RNE,) 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 forma 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 gave the 

thietanones 98,99 and 100 - 

  

: , mn 
3 CH CY 33 CHS 3 
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16 28 

-NH- = piperidine, morpholine, dimethylthietanone, 

pyrrolidine 
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These bases are not hard enough to attack the carbonyl group under mild 

condition. The chemical reactivity of the above nucleophiles with C-2 

is more favoured than with the carbonyl group because - 

1: The entering and leaving groups are bonded to tetrahedral carbon 

hence they have a similar hardness value. Nerdel et al. 2) have 

also found that when 3-tosyloxypivaldehyde is 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, CHAO, RN, H,0 will not attack the carbonyl 

group of the thietanone 16. 

A n 
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2: Amines (R,NH) , methanol, (CH,OH) , water (H,0) are harder bases than 

chlorine (CI) 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 
' ' A’ +2B 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 

column in the periodic table, and hardness increases on going across the 

periodic table. If chlorine (Cl) is compared with RS, then both of them 

are in the same row in the periodic table but the electronegativity 

of the chlorine atom 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 16 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 109. The softness of the(C1) is increased by the formation of the 

pyridinium chloride intermediate. 
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The order of hardness is 

oH > Gl = cl > BS RS> cia 

It is for this reason that the reaction of benzylmercaptan with 

thietanone does not proceed significantly at room temperature whereas 

chlorothietanone J6 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 Bp character than sp, 

hence retarding the effect for RS. 

In general, rates of nucleophilic reaction on the sp and Bp carbon 

atoms such as nitrile and carbonyl are mainly controlled by basicity 

rather than polarizability of the nucleophile used Ceo) while 

in the case of the sp? carbon atom polarizability is a more important 

factor than basicity. According to the above ideas it appears that the 

properties of the C-2 of the chlorothietanone16 are closer to an sp" 

than to an sp” carbon. Potapoy40) 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 16 confirm this deviation from sp” sp? 

Grate 10s a = Effect: 

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 Table), but they are 

able to attack the carbonyl carbon. This anamalous behaviour may be 

explained by the a -effect.Ibne-Rasa and awards (128) nave ascribed 

the greater reactivity of such nucleophiles to stabilization of the 

activated complex by the lone pair of electrons on the a- 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 

Wetern (119, 120) 

  

  

Nucleophile PK, ec 

Hydrazine 8.1 25 

Piperidine 12 30 

Morpholine 8.7 30       
  

Homoconjugation and acid dissociation constants of protonated 

monoamines in acetonitrile (AN) as solvent. 

  

  

Amine PK, (W) PK, (AN) 

Piperidine 11,22 18.92 

Pyrrolidine 11.27 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 

reviewed (129) nd 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 C1X 

Some o-haloketones can be reduced by zinc in the presence of methanol 

e.g. the dibromoketones and the chlorocyclobutanone. (130, 131) 
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cl ¢ R} H ¢ R} 
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The reduction of the 2-chlorothietanone l4was attempted by these methods. 

(2) Uping, Magnes Tas ig. Teche ing Teagene, 

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 em 

due to carbonyl group. The nuclear magnetic resonance spectrum gave 

doublet, septet, singlet and singlet peaks at 6 = 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 wits. These 

findings agreed with the formation of benzyl isopropyl ketone. 

Analysis of solid fraction 

The infrared spectrum of the solid fraction showed peaks at 1760em + 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 6 = 7.]ppm. 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 6 = 3.9-4.2pom 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 confinmed the formation of 58 
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Treatment of Chlorothietanone 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 58 and benzyl isopropyl 

ketone as described in R19. 
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6-c: Chlorination of thietanone™ by sulfuryl chloride. ~ 

Treatment of the chlorothietanone with sulfuryl chloride in the presence 

of pyridine gave the butanone 115. 
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1 
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 pam, due to methyl, 

methylene and phenyl groups respectively with relative intensities 

3:2:5. Methylene protons appeared as an AB system because carbon-3 

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, 

M44, 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 % 298 gave the molecular fommla 

as Cy Fy o140- The major fragments are due to loss of one, two and 

three chlorine atoms (A, B, C). 
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The reaction probably proceeds via carbon-sulfur cleavage similar to 

that encountered in the reaction of thiacyclobutane with sulfuryl 

chloride!15?) 

Treatment of thiacyclobutane with sulfuryl chloride gives a ring-opened 

compound, 3-chloropropanesulfenyl chloride. 
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The reaction of chlorothietanone 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: 
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Several workers (233) have studied the position of chlorination. 

They have found the position at which chlorination occurs depends 

mainly on the stability of the carbon radical or carbocation (R, i) 

formed, but some 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 6-Cl 6-Cl 6-Cl 

Cl! CH,-CH,-CH,CH, 7. 23 46 24 

C1.CHCH,CH,CH, 2 13 48 37 

C1,CCH,CH,CH, - 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-chlorosulfenylthietanone. 

4-Benzylidene-2, 2-dimethylthietan-3-one with thionyl chloride in the 

presence of pyridine gave an a-chloro-s-chloro-a-chlorosulfenyl adduct 116. 
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The disappearance of a peak at 1610em2 in the infrared spectrum showed the 

absence of the carbon-carbon double bond (CC). A peak at 1780cn? 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 25an + to a 

higher wavenumber 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 ion. The accurate mass spectrum of ions at a 340 and 308 gave 

molecular poo Gye soo Cy oF 10S respectively. The 

presence of three chlorine atans in the molecule was shown by measuring 

the relative intensity of peaksat M+2, MM, M+6 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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° 
u a 

Po CoH co orn eS Pos 
C Cre CH =CaCr + socl.——— + C,H. CH=C Cc Gere) TN ca, 2 a’ Ss? ‘cH, 5 Sens 

SH 

uz 17 

" ft iat 

soc ¢c kK c c CH, 
\ ae ae I IME 

Gg - CH-C + CH. -C- c 
CN eee 1 % 
cl’ s » ca, scl as” cH, 

2-Methy1-5-phenylpentan-3-one on treatment with thionyl chloride can 

give a variety of products !7 ,116,1I7 or 18 depending on the applied 

conditions. Pizey et a have reported the benzylidenethietanone |7 

on treatment with thionyl chloride gives the dichloro-adduct {9. 

° oO 
4 

on aC 8 cH. 
ey we 7 a 3 

C,H.CH = C c + SOC] C,H. - CH-C 
65 x aT So | i aes 

s SS 4 cl cls s 3 

a lg 

We have shown that the dichlorothietanone II? was not formed in this 

reaction under the same conditions. In fact the spectroscopy data 

given by the authors do not agree with structure I|9, According to 

‘compound 119, the methine proton should appear at about 6 = 5-6ppm. 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 119. 
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Furthermore, the fragments B and C in the mass spectrum and S-Cl stretching 

L 
peak at 540cm ~ in the infrared spectrum reveal the formation of lle 

rather than 1/19. 

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-a- 

chloro-a-chlorosulfenyl ||6 by the Pummerer reaction. 

Scheme a: 

1 i 
ee CH. 

oS CoHHeN Nee 
CH, ch = 1c c + SOCL,_—= > C,H, -CH-C c 
Co ae Ns cH 2 65 Soa 

3 s CH, 
cl 

Y' 

Se 28 
r 

a € cH. 
SOR tee CH. -C - 

oS i i Nae? PS 
seve Clie Ss CH. 

Ul 

This addition agrees with the empirical generalisation of Markownikov. 

If anti-Markownikov addition occurs the product should be the 

@-chloro-achlorosulfinylthietanone !21. 

° O° 
u u 

C Ve ge CoHeN ee 3 
C-H-CH = C C + socl, ——> C,H, CH Cc Cc 
6°5 Ss “cas 2 6°5 1 ie os 

(ell s ‘ 
7 Q | socl 

ce ¢ CH, Tea 12 

C,H, aoe oe / fOr 65° ) iss” Sa, 
cl scl 

122 
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It is unlikely tha thietanone 121 with excess thionyl chloride formed 

the thietanone 122 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 123 with thionyl chloride in the presence 

  

of pyridine givesthe sulfinyl chloride |24 (25) 

3 i 2 
R R R R 

s a 4 | | 1 as 4 
cc + SOCl, mS =" 5Ce = i = R,R,R andRAH 

BTN 2 ! \ 
R R CL socl 

123 
— 12. 

Further evidencewhich supports the reaction proceeding by scheme a 

and the product being 4-chloro-g-chloro-a-chlorosulfenyl compound ||6 

is: : 

Treatment of the unsaturated cinnamic acid and trans-crotonic 

acid with excess of thionyl chloride (7 equiv.) in the presence of 

pyridine givesthe o-chlorc-o-chlorosulfeny] acid chloride !25. (105) 

cocl CL 
Socl, 1 | 

en GH = CH COO > PP CH CH PG OOO 
CSHLN | | ! | 

cl socl Cle Sel 

125 
Cr cocl 

socl, | -SCl / 
CH, - CH = CH - COoH ——2.5 cH, - cH - C - cocl —4.cH, - GEC 

CsHEN i Ser 
Cli SEL 
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6- e: Comment on the article of Patai (26, 27) shout the reaction 

between unsaturated compound and thionyl chloride . 

1,1-Diphenylethylene 29 on treatment with thionyl chloride was reported 

co 27) 60 give 1,1-diphenylethylene-2-sulfiny, chloride 126 in 17% 

yield and the main reaction product was 1,1-diarylvinyl-chloride 30, e.g. 

Ar,C = CH, + SOC1. ——> HCl + Ar,C = CHSOC] ———-> SO+Ar.C = CH 
2 2 1 

cl 

29 126 30 

patai (26+27) suggested the reaction intermediate is the sulfinyl 

chloride |26 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: 

-HC1 
a oe ——— = 

Arsc = CH, a socl, eee We ; AraC CHSOC1 

er soci 12 

Ee sgl. 
127 Ss 

-HCl 

Bre. CHD SCL, Se ar, CG > CH Sl Ar, C = CHCl 

| | -S0, | | “scl, 

Cl Sock Clas CL 

II 

nN
 

(°)
 

I 127 = 
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The first stage is the formation of the a-chloro-8-chlorosulfinyl 

compound 127. The a-chloro-8-chlorosulfinyl 127 may then undergo either 

pathway I or pathway II. 

I: The chloro-sulfinyl chloride 127.can lose hydrochloric acid to give 

126, 

II: The chloro-sulfinyl chloride 127 with excess thionyl chloride can 

give a-chloro-$-chlorosulfenyl compound 128which then gives the 

chloro-compound 30 co 

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 (205) has studied the reaction 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 p-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 1l-oxide. 

It was found that §-ketosulfinyl chlorides containing one o-proton 

(methine joined to the sulfinyl chloride group) on treatment with thionyl 

chloride gave the a-chloro-s-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 chlorosu!fenyl 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 sp” 

characteristics. It was shown that the reaction of an unsaturated 

thietanone with thionyl chloride was by an electrophilic addition. 

212



Re 

19: 

20: 

ous 

22 

wae 

24: 

REFERENCES 

Bartlett P.D., Herbrandson H.F., J.Amer. Chem.Soc. 74, 5971 (1952) 

March J. "Advanced organic chemistry" McGraw-Hill Co, New York, 

268 (1968). 

Lee C.C., Finlayson A.J., Can.J.Chem. 39, 260 (1961). 

Beg M.A., Singh H.N., Z.Phys.Chem., (Leipzig) 227, 272 (1964). 

Singh H.N., Beg M.A., Fette, Seifen, Anstrichm, 70, 640 (1968). 

Gerrard W., Thrush A.M., J.Chem.Soc. 2117 (1953). 

Mayer H., Monatsh, Chem., 22, 415 (1901). 

Carre P., Libermann D., C.R.Acad.Sci. Paris 200, 215 (1935). 

Simon M.S., Rogers J.B., Saenger W., Gougoutos J.Z., J.Amer.Chem. 

Soc. 89, 5838 (1967). 

Oka K., Hara S., Tetrehedron Lett. 695 (1977). 

Krubsack A.J., Higa T., Tetrehedron Lett. 125 (1973). 

Krubsack A.J., Higa T., Tetrahedron Lett. 4514 (1973). 

Krubsack A. J., Higa T., Peres etre Lett. 5149 (1968). 

Krubsack A.J., Higa T., Tetrahedron Lett. 4823 (1972). 

Crossland I., Acta. Chem.Scand. 30B, 787 (1976). 

Pizey J.S., Symeonides K., Int.J.Sulphur Chem. 9, 1 (1973). 

Bespalyi A.S., Krut U.V., Zhukov I.N., Panaeva S.A., 

U.S.S.R. 390, 069 (1973) Chem.Abs. 79 126104. 

Pizey J.S., Symeonides K., Phosphorus and Sulfur 8, 1 (1980). 

Voss J., Gunther H., Phosphorus and Sulfur 10, 213 (1981). 

Oka K, Hara S., Tetrahedron Lett. 2783 (1976). 

Gupta R.P., Thesis The University of Aston in Birmingham (1976). 

Krubsack A.J., Higa T., J.Amer.Chem.Soc. 92, 5259 (1970). 

Krubsack A.J., Sehgal R., Loong W.A., J.Org.Chem. 40, 3179 (1975). 

Michaelis L.F., Chem.Ber. 27, 2540 (1894). 

213



25: 

263 

27: 

28: 

29: 

31: 

Be: 

333 

34: 

41: 

42: 

43: 

44; 

45: 

46: 

47: 

48: 

Effenberger F., Daub J., Chem. Ber. 102, 104 (1969) 

Patai S., Patchornik A,J. Amer.Chem.Soc. 74, bol (1952) 

Patai S., Patchornik A,j.Amer.Chem. Soc. 72, 1034 (1950). 

Relles H.M. J.Org. Chem. 37, 3630 (1972). 

Gladshtein B.M.,Kulyalin I.P., Soborovskii L.Z., Zh obshch Khim 

4l 25 (1971) 

Barnard D»J-Chem.Soc. 4673 (1957). 

Louthan R-(to Phillip Petroleum Co.) U.S. 3,253,028 c 260 (1966). 

AP.P1 Aug 30, 1957 and Aug.20 (1962). 

Grossert J.S., Hardstaff W.R., Langler R.F., Can.d. Chem. 55, 421 (1977) . 

Stetter H., Krause M-, Last W.D.,Angew Chem.,Int.Ed. 7, 894 (1968). 

King J.p.,Beatson R.P., Chem.Comm., 663 (1970). 

Canalini G., Maccagnani G., Taddei F., Tetrahedron Lett. 3035 (1971). 

Pizey J:S., Symeonides K., Phosphorus and Sulphur 1, 41 (1976). 

Alexander S., Sulfur in organic and inorganic chem., Chapter 5 

(Harry szmant H»ed ) 108 (1971). 

Bellamy B.J.,Inorganic sulfur compounds (N Kharasch. ed.) 

Pergamon Press, London 47 (1961). 

Gupta R.P., Pizey J.S., Symeonides K., Tetrahedron 32, 1917 (1976). 

Sheppard W.A.Diekmann J., J.Amer.Chem.Soc. 86, 1891 (1964). 

Gupta R.P., Pizey J.S., Phosphorus and Sulfur 7, 325 (1979). 

Claeson G., Thalen A., Schotte L., Arkiv fur Kemi, 295 (1963). 

Claeson G., Thalen A., Acta Chem. Scand, 17, 2763 (1963). 

Luhmann U.,Wentz F.G., Luttke W., Susse P., Chem.Ber. 110, 1421 

(1977) . 

Fohlisch B., Czauderna B., Phosphorus and Sulfur 4, 167 (1978). 

Fohlisch B., Gottstein W., Liébigs Ann. Chem. 1768 (1979). 

Maheshwari K.K., Berchtold G.A., Chem. Comm. 13 (1969). 

Cf* (22) 

214



49; 

51: 

52: 

53: 

54: 

55: 

56: 

57: 

58: 

59: 

61: 

62: 

63? 

64: 

65: 

66: 

67: 

68: 

69: 

dL: 

Seitz G., Hoffmann H.,Synthesis 201 (1977). 

Fohlisch B., Gottstein W., J.Chem. Research (S) 94 (1981). 

Azizian F.,Ph.D., Thesis The University of Aston in Birmingham (1977). 

Pearson R.G., J. Amer.Chem. Soc. 85,3533 (1963). 

Pearson R.G., J.Chem Education 45, 581 (1968). 

Conia P.M., Ripoll J.L., Bull.Soc. Chem. 763 (1963). 

a) Stone R., and Mills A., Mol.Phys., 18, 631 (1970). 

b) Ueda T., Shimanouch T., J. Chem.Phys.49, 470 (1968). 

a) Durig J.R., Lord R.C., J.Chem.Physe, 45, 61 (1966) 

b) Borgers T.R., Strauss H.L., Ibid 45 947 (1966). 

a) Sharpen L.H., Laurie V.W., J.Chem.Phys. 34,1319 (1961) 

b) Dante A., Lafferty W.J. Ibid 33, 294 (1960). 

a) Chan S.I.7 Zinn J., Gwinn W.D., J.Chem.Phys. 34,, 1319 (1961). 

b) Dante A., Lafferty W.J., Ibid 33, 294 (1960). 

Gibson J.S., Harris D.O., J.Chem.Phys. 57, 2318 (1972). 

Carreira L.A., Lord R.C., J.Chem.Phys. 51, 3225 (1969). 

Harris D.O. Harrington H.W., Luntz A.C., Gwinn W.D. 

J.Chem.Phys. 44, 3467 (1966). 

Avirah T.K., Cook R.L., Malloy T.B., J-Mol.Spectrosc. 55 464 (1975). 

Blackwell C.S., Lord R.C. J.Mol.Spect. 460 (1975). 

Meinzer A.L. Pringle W.C., J.Phys Chem. 80, 1178 (1976). 

Smiley R.A., Arnold C., J.Org-Chem. 25, 257 (1960). 

Hauser C.R., Renfrow W.B,,J.Amer.Chem Soc. 59, 1823 (1937). 

Olah G., Kuhn S., Chem. Ber. 89, 866 (1956). 

Chem. Abs. 51, 3502h (1957). 

Zelinskii N.D.,Zh. Obshch.Kim. 33, 2103 (1963). 

Favorskii A.L. J.Prakt.Chem. 88, 658 (1913). 

Wagner R.B., Moore J.A., J.Amer.Chem.Soc. 72, 974 (1950). 

Hoffmann H.M.R., Nour T.A.’, Smithers R.H.) J. Chem.Soc.Chem.Cammun. 

963 (1972).



72: 

73: 

74: 

75: 

76: 

Ti: 

UGE 

79: 

80: 

81: 

82: 

83: 

84: 

85: 

86: 

88: 

89: 

91 

oF: 

93% 

94: 

95: 

OG: 

Furanones B., Richars A., Tetrahedron Lett. 30, 310 (1972). 

Chassin C., Schmidt E.A., Hoffmann H.M.R.,-J. Amer.Chem.Soc. 96,606 (1974) 

Friedman L., Wetter W.P., J.Chem. Soc. (A) 36 (1967). 

Karapatsos G..7., Oshorne C.E., Tetrahedron 24, 3361 (1968). 

Brady O.L., J3.Chem.Soc. 756 (1931). 

Mikolajczyk M., Drabowicz J., Z. Naturforsch, 26b, 1372 (1971). 

Vandervlies C., Rec.Trav.Chim., 84, 1289, (1965). 

Meyerson S., Drews H., Fiflds E K., Anal.Chem 36, 1294 (1964) 

Douglass I.B., Norton R.V.,J»Org. Chem. 33, 2104 (1968). 

Bordwell F.G., Pitt B.M., J.Amer.Chem.Soc. 77, 572 (1955). 

Pummerer R., Ber.Chem. 43, 1401 (1910). 

Jackman L., Kelly D.P., J.Chem.Soc. (B), 102 (1970). 

Weigert F.J., Roberts J.D., J.Amer.Chem.Soc. 92, 1338 (1970). 

a) Grutzner J.B., Jaulelat M., Dence J.B., Smith R.A., Ibid, 7107 

b) Stothers J.B., Swenson J.R., Tan C.T.,. Can.J.Chem. 53/581 (1975) - 

c) Bicker R., Kessler H., Steigel A., Zimmermann G., Chem.Ber.111 3 

3215 (1978). 

Stothers J.B., Lauterbur P.C., Ibid 42, 1563 (1964). 

Marr D.H.,Stothers J.B., Can.J.Chem. 43, 596 (1965). 

Dehmlow E.V., Zeisberg R., Dehmlow S.S., Org.Magn.resonance 7, 

418 (1975). 

Wiberg K.B., Holmquist H.W., J.Org.Chem. 24, 578 (1959). 

Anet R., Chem and Ind. 897 (1960). 

Anet R., Canad.J. Chem. 40, 1249 (1962). 

Shechter H., Link W.J., Tiers G.V.D., J. Amer.Chem.Soc. 85, 1601 

(1963). 

Crossley N.S., Djerassi C. , J.Chem.Soc. 1459 (1962). 

Fraenkel G., Asahi Y. , Mitchell M.J., Cava M.P., 

Tetrahedron 20, 1179 (1964). 

Anet F.A.L., J. Amer. Chem. Soc. 84, 747 (1962). 

Banwell C.N., Sheppard N., Mol.Phys., 3, 251 (1960). 

216



97: 

98: 

OS: 

100: 

101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

li: 

q12? 

aoe 

114: 

115: 

116: 

a7: 

118: 

119: 

Bhacca N.S., Johnson L.F., Shoolery J.N., (Vols. I, II) 

NMR Spectra Catalog, Vols. I and II, Varian Associates 1962 

and 1963. 

Gianni M.H., Stogryn E.L., Orlando C.M., J. Phys.Chem. 67, 1385 

(1963) . 

Moritz A.G., Sheppard N., Mol.Phys. 5, 361 (1962). 

Overberger C.G., Drucker A., J.Org.Chem. 29, 360 (1964). 

Griesbaum K., Naegele W., Wanless G.G., J.Amer.Chem.Soc. 87, 

3151 (1965). 

Potapov V.M. ,"Stereochemistry" Mir. Moscow 172, (1979). 

Dieterscharf H., Laux F., Synthesis 582 (1970). 

Higa T., Krubsack J.A., J.Org.Chem. 41, 3399 (1976). 

Higa T., Krubsack J.A., J.Org. Chem. 40, 3037 (1975). 

Higa T., Krubsack J.A., Tetrahedron Lett. 4515 (1973). 

Russell G.A.,Int. J. Sulfur Chem. 3, 163 (1968). 

Truce W.E., Norell J.R,,Tetrahedron Lett. 1297 (1963). 

Mayer R., Funk K.F., Angew Chem. 73, 578 (1961) 

Yaftee R., Ph.D., Dissertation, Massachusetts Institute Technology 

(1969) . 

Levy EJ., Stahl W.A., Anal.Chem. 33 707 (1961). 

Harris H., Feisst J., Helv.Chim.Acta 49, 2344 (1966). 

Bushby RJ, J.C.S. Perkin I 2513 (1975). 

Bushby RJ-/J.C.S. Perkin I 2590 (1976). 

Morin R.B., Spry D.O., Mueller R.A., Tetrahedron Lett. 849 (1969). 

Baldwin J.E., Hofle G., Choi S.C. J:amer.Chem.Soc. 93, 2810 (1971). 

Spry D.O. J.C.S. Chem.Comm 259 (1973). 

Stoodley R.J., Wilkins R.B., J.C.S. Perkin I., 1572 (1974) 

Baxter A.G.w., Stoodley R.J., J.C.S. Chem. Comm. 366 (1976). 

Truce W.E., Birum G.H., McBee E.T., J.Amer. Chem.Soc. 74, 3594 (1952). 

Sneen , R.A., Accounts Chem.Res. 6, 46 (1973). 

McLennan D.J., Accounts Chem. Res. 9, 281 (1976). 

Coetzee J.F., Padmanabhan G.R., J.Amer.Chem.Soc. 87, 5005 (1965). 

217



120: 

I2ks 

W222 

23.3 

124: 

d25: 

126: 

d2us 

128: 

1255 

1303 

Sie 

ds2s 

a332 

Edwards J.0., Pearson R.G., J.Amer.Chem.Soc. 84, 16 (1962). 

Carpino L.A., J.Amer.Chem.Soc. 85, 2144 (1963). 

Ho, T.L., Hard and Soft acids and bases Principle in Organic 

Chemistry, Academic Press, New York, (1977). 

Pearson R.G., J.Chem.Education 45, 581 (1968) . 

Ho, T.L., Chem. Reviews 75, 1(1975). 

Nerdel F.,Weyerstahl P., Lucas K., Tetrahedon Lett. 5751 (1968). 

Wiberg K.B., Ibid 77, 2519 (1955). 

Oae S., Kadoma Y., Yano Y., J.Bulletin of the Chemical Society of 

Japan 42, 1110 (1969). 

Tban-Rasa K.M., Edwards J.0., J.Amer.Chem.Soc., 84, 763 (1962). 

Patai S., The Chemistry of the Carbon-Halogen Bond, Part 1. 

143, John Wiley and Sons, London, New York, Sydney, Toronto, (1973). 

Hoffmann H.M.R., Nour T.A., Smithers R.H., J.Chem.Soc.Chem.Camm. 

963 (1972). 

Toda F., Akagi K., Tetrahedron 27, 2801 (1971). 

Bordwell F.G., Pitt B.M., J.Amer.Chem.Soc. 77, 572 (1955). 

a) Pizey J.S., Synthetic reagents Vol.4. Chapter 3, John Wiley and 

Sons, 336 (1981). 

b) Russell G.A., Brown H.C., J.Amer.Chem.Soc. 77 4031 (1955). 

218


