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One of the methods  for  the p r e p a r a t i o n  of f l - l ac t ams  is the cycl izat ion of the cor responding  N-sub-  
s t i tuted a - c h l o r o a c e t a m i d o m a l o n a t e s  with the fo rmat ion  of a new C--C bond [1]. A n e c e s s a r y  s tep of this 
cycl iza t ion is the fo rma t ion  of the i n t e rmed ia t e  carbanion (I) 

R 1 R z R 1 R ~ ~ R 1 R ~ 
\ /  \ o  / / \ /  

R--N--CH B R--N--C l --B+HCI- R--N--C 
I . . . .  I I 

[ 0=C--CH~CI J 0 =C--CH2 0=C--CH2CI 

(I) R t, R2=COOR, C6H~ 

This pr inc ip le  could be r ea l i zed  in the cycl izat ion of the b romomethy l  e s t e r  of diphenylthiolacetic 
acid (II), which eas i ly  f o r m s  a ,a -d iphenyl - /3 - th io lac tone  (lid 

C~H5 C8H5 ~ CoH~ CGH51 C6H~ / O=C-.Ct{  NR~ O =  --N+HR,Br- O=C--C 
I ~ - - "  l I \  
S--CH~Br [. S--CHzBr J S--CH2 CGH~ 

(II) (III) 

The chloromethyl  e s t e r  of the diphenylthiolacet ic  acid r eac t s  with somewhat  g r e a t e r  difficulty. We 
had p rev ious ly  obtained this  thiolactone by the reac t ion  of HzS with the acid chlor ide of a , a - d i p h e n y l - # -  
chloropropionic  acid [2]. However ,  the/~,~-diphenyl-f l - th iolactone cannot be  obtained f rom the i s o m e r i c  (II) 
diphenyl e s t e r  of chlorothio lacet ic  acid (IV) due to the lower  labil i ty of the hydrogen atoll/ and the i m p o s -  
s ibi l i ty  of fo rming  the carbanion  under  these  conditions 

C6Hs  CsH5  ~ C~H5 Cel l5  / ] S--CH NR, 

(iv) 

In o rde r  to fac i l i ta te  the fo rmat ion  of the carbanion we synthes ized  the thiol e s t e r s  (V), which bea r  a 
keto group in s e r i e s  with e i ther  a methylene  or  a methyl  group.  The l a t t e r  were  obtained e i ther  by the 
acylat ion of mereap toke tones  with the acid chlor ides  of a - h a l o c a r b o x y l i c  acids or  by the alkylat ion of a -  
halothiolcarboxyl ic  acids with haloketones  in the p r e s e n c e  of t r i e thy lamine  

R--COCH(RX)SH+C1COCHR~'X ~NEt ,  ~ RCOCH(R1) SCOCHH~X (Va-d) 
R--COCH(R1)X + HSCOCHR~X -- 

X=C1; R=C~Hs, RI=R~----H (Va), R=R~=C6H~, RI=H (Vb); R=CH3, RI=C6Hs. 
R2=tt (Vc);X=H, R=CHa , RI=C6Hs, R~=H (Vd). 

The constants  of the obtained thiol e s t e r s  a r e  given in Table  1. However ,  instead of the des i r ed  f l - th io lac-  
tones ,  the t r e a t m e n t  of (Va--c) with Et3N r e spec t i ve ly  gave  the 2 ,3 -d ihyd ro - l , 4 -oxa th i i n -2 -ones  (Via--c) 

(Table 2). 
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TABLE 2 

Yield, ]of Hg), and Mp,[ - 7 -  
Compound % ~_~C(solvent) 1 C  I H I S I 

(Via) ] 87 II o2,2  
(Vlb) [ 90 ]1 105(0,01) 164,671 5,06J15,741 
(VIc) J 76 NI24(CHaOH)170,86[ 4,74 [il,981 

Empirical 
formula 

CIoHsO~S 
CnHnO~S 
CI~H,20~S 

Calculated, % 

62,50 4,20 t6,68 
63,77 4,85 t5,53 
71,65 4,48 it,93 

R--C--CH(BI) NEt, 
II I 
0 SCOCH(R~)X 

R--C=CR a 

o SH 
I 

C--O 
I 

[R--C=~R 1 R--C=CIV 

OH SCOCH(R~)X 0 S 

Xc/__o~ 
I 

CH(R~)X 
I --Et,I~HX 6 5 

: R--C=C--R 1 

10 / \$4 (Via-c) 
\ / 
CO--CHR ~ 

CH (R2)X ~ 3 

It is  poss ib le  that  when EtaN acts  on the thiol e s t e r s  (V) they ini t ial ly undergo enolization, followed by migra t ion  
of the ch loroace ty l  moie ty  f rom the sul fur  a tom to the oxygen a tom and subsequent  i n t r amolecu l a r  alkylat io n of the 
su l fur  a tom with c losu re  of the r ing.  It should be  ment ioned that in (Vd) a migra t ion  of the acetyl  moie ty  fails 
to occur  under  analogous conditions.  

Analogous to the a -ha lo th io  e s t e r s  [3], the mos t  p robab le  route  for  the fo rmat ion  of (Via--c) is the 
i s o m e r i z a t i o n  of (Va--c) under  the influence of EtaN to the acid chlor ides  of the a - m e r c a p t o p h e n a c y l a c e t i c  
acid (VII) v ia  the i n t e rmed ia t e  episulfonium ion (VIII). The subsequent  i n t r amolecu l a r  acyla t ionby the acid 
chlor ide  (VII) at the oxygen a tom of the enol fo rm leads to (VI) 

NEt~ 
I~COCH(R~)SCOCH(R~)C1 ~ [ RCOCH(R~)S\ ..... CH(R~)~RCOCH(R~)SCH(R~)COCI~ 

L \ C J  CI- (VII) 
(viii) 

"R--C~ CR 1 + R--C=CR t 
I \ ]--m~HC> / \ 

---, H--O S ' O S (VI) 
/ J \ / 

CIOC--CHR 2 CO--CHR ~ 

The known r e a r r a n g e m e n t  of the ch loroace ty l  moie ty  to the thiophenol occurs  under  the influence of 
aqueous NaOH solut ion [4] accord ing  to the scheme:  

SCOCHCI SNa SCH~COONa 

( ) /  N'aOH ( ) /  + CICH2COONa _NaC~ ( )  / 

These  t r a n s f o r m a t i o n s  a r e  conf i rmed by the easy  cycl izat ion of (VII), which is  synthesized by the 
a lkylat ion of co-mercaptoacetophenone with ethyl b romoace t a t e ,  to compound (Vi) 

o I ~  RCOCHR1SH @ BrCH.-C -" ItCOCHRlgCH2C 2) H~SO---------~ ~ 

\OC2H5 L. \0C2H5 j 
SOGI~ --ttCl 

---~ I~COCH(R1)SCH~.COOH *[tlCOCH(Itl)SCH~COC1] + (Via, b) 
(IXa, b) 

lt--C6Ha, RI=H(a), R=CH~. R 1=C6H5 (b), 

Even when t r e a t ed  with thionyl chloride,  phenacy lmercap toaee t i e  acid (IXa) is  spontaneously cycl ized to 
(Via) in high yield.  The ro le  of the episulfonium ion (VIII) in these  t r ans fo rma t ions  is also conf i rmed by 
the absence  of i s o m e r i z a t i o n  to the oxygen analog (Va), the  phenacyl  e s t e r  of ch loroaee t ic  acid (X), which 
r e m a i n s  unchanged under  analogous conditions.  This conf i rms  the known fact that the oxygen atom exer t s  
a s m a l l e r  influence on the labi l i ty  of protons than does the sulfur  a tom [5]. Compound (X) was obtained by 
the alkylat ion of c0-bromoaeetophenone with b romoace t i c  acid in the p r e s e n c e  of EtaN 

EtaN 
CaHsCOCH2Br -c HOCOCH2Br ,~ C6HsCOCH~OCOCH~Br (X) 
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T A B L E  3 

Corn- IYield, % 
pound 

(Xlla) ! 95 
(XII~b) I 86 
(XlIc) [ 93 
(Xlld) ! 66 
(XIIe) 70 
(XII~t) 83 

Mp, ~ 
Found, % 

C I H S 

t02--t03 57,2615,t8 15,t7 
t22--t23 168,2215,691 t0,TJ 

t85 166,90t5,241 ~t,31 
119--t20 158,20/5,861 t4,40 
20--22 158,3tt5,361 14,t2 

72 / 68,23/5,331 tt,30 

Empirical 
formula 

C10HnNO~S 
Ct:H17NO~I 
ClsH1sNO~S 
CnHlaNO2S 
CnHmO~S 
C~H~O~S 

Calculated,@o 

H c s 

57,41 5,26 t5,26 
68,23 5,68 10,70 
67,37 5,26 tt,27 
59,i0 5,83 14,35 
58,88 5,35 t4,28 
68,00 5,3 t0,70 

*Found: N 6.33% Calculated: N 6.28'/o. 

f l -Benzoy l - f i - p rop i o l a c t one  (XI) could not be obta ined f r o m  the  c o r r e s p o n d i n g  e s t e r  (X); it was obta ined in 
known m a n n e r  f r o m  the  Na sa l t  of f i - b e n z o y l - f l - b r o m o p r o p i o n i c  ac id  [6] 

NattC0~ 
CsHsCOCII--CH~ ---* CsH~COCH--CH2 ~--~B~ (X) 

1 I H~o [ 1 
Br COOH O - - C O  

(XI) 

Compounds  (Via--c) a r e  cyc l i c  u n s a t u r a t e d  T - l a c t o n e s  and p o s s e s s  we l l -de f ined  aey la t ing  p r o p e r t i e s .  They 
a r e  eas i ly  c l eaved  to g ive  e i the r  the  c o r r e s p o n d i n g  ea rboxy l i c  ac ids  (IXa, b) o r  t he i r  de r iva t i ve s  (XlIa) 

R - - C = = C - - I t l  [- R C = C R  1 ~1 

o/ Zs H ~  / I i | -~ acocH(a~)SCH(a~)cox 

(Via-c) (XIIa-f) 

X=NH~, R=R~=H, RI=CeHs(XIIa); X=HNCH~C,Hs, B=R2=H, R~=C,H, (XIIb); 
X=NH% R~It, RI=t/~C6Hs,(XIIe); X=NHs, R=Ctt3, ttl=C~Hs, R~=HI(XIId); 
X=OCHs, R=R~=H, rtx=e#tts (XIle); X=OCtts, R=tI, Bl~IV=CsHsi(XIIf). 

The c l eavage  of  (Via, b) with 0.5 N NaOH in a lcohol  at ~20 ~ o r  with aqueous NaHCO a so lu t ion  at 100% gave  
(IXa, b) in quant i ta t ive  y ie ld .  The t r e a t m e n t  of (Via--c) with amines  o r  me thano l  in the p r e s e n c e  of ac id  
ca t a ly s t s  (HESO 4) gave  the  c o r r e s p o n d i n g  amides  o r  e s t e r s  of e a rboxy l i c  ac ids  (XIIa--f) (Table 3). The 
me thy l  e s t e r  (XIIe) was  a l so  obtained f r o m  (IXa) and CH2N 2. Anil ine does not r e a c t  with (Via) even when 
hea ted  in CC14 fo r  a long t ime .  

T A B L E  4 

Compound 

ct 
C6HsCOCH=SCOCH2EI 

CeHsCOCH~SCOCH(CsHs)C1 

C6H~--C=CH 
O< ) S  

CO--CH2 
c~ 

CsH~--C=CH 
< )S 

CO--CH--C6H~ 
r 

C6HsCO--CH--CH~ 
[ I 

0 - - C 0  
C6HsCOCH--CH--CoH5 [6] 

t I 
O - - C O  

C~H6COCH~OCOCH~C1 
CoHsCOCH2SCH2COOH 

ketone 

t695 

i 700 

16t8 
C=C 

t620 
C=C 

1695 

1700 

t700 

,~, cm-; i 

e s t e r  lactone 

t760 

i760 

t840 

1820 

Chemi, calshiftof 
protons, ppm 

4,33 (s) 

3,28 

4,51 

3,74 

5,09 

3,t0 (s) 

4,t7 (a) 

6,17 

6,t8 

5 ,45  

5 ,33  

3,82 (s) 

J, HZ 

t,9 

6,5 

3,3 
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The s t r u c t u r e  of compounds (Via--b) follows not only f rom the i r  method of p repa ra t ion  and chemical  

p rope r t i e s ,  but is a lso conf i rmed by the NMR and IR spec t ra ,  the data for  which a re  given in Table 4. 

Intense  bands a r e  p re sen t  in the IR s p e c t r a  of (Via--c) in the 1760 cm -1 region,  which a r e  c h a r a c t e r -  
i s t ic  for  the earbonyl  group of an e s t e r ,  while the f requencies  that a r e  cha r ac t e r i s t i c  for a ketone carbonyl  
a r e  absent .  The IR s p e c t r a  of the oxygen analogs of the /3 -benzoy l -~- lac tones  contain two cha rac t e r i s t i c  
f requencies  for  the lactone carbonyl  (1840 and 1830 cm -i) and for  the ketone carbonyl  (1695 and 1700 cm- i ) .  

EXPERIMENTAL METHOD 

a-Hydroxymethyl Ester of Diphenylthiolacetic Acid (XIII). As described in [7], a mixture of equi- 
molar amounts of diphenylthiolacetic acid and paraform was heated on the water bath until solution was 
complete. The mixture was extracted with petroleum ether to give (XIII) in 40.1% yield, mp 53 ~ (from 
petroleum ether). Found: C 69.99; H 5.48; S 12.00%. CIsHI402S. Calculated: C 69.76; H 5.43; S 12.40%. 

Chloromethyl Ester of Diphenylthiolacetic Acid (XIV). With cooling in ice water, 1.3 g of SOCI 2 and 
1 g of pyridine were added to 2.58 g of (XIII) in I0 ml of absolute ether. The mixture was allowed to stand 
at ~20 ~ for 24 h. We obtained (X-IV) in 53.1% yield, mp 62 ~ (from petroleum ether). Compound (II) was 
obtained in a similar manner from (XIII) and PBr 3 in 65.7% yield, mp 66 ~ (from alcohol). Found: C 64.91; 
H 4.83; C1 13.73; S 11.39%. CIsHI3CIOS. Calculated: C 65.10; H 4.70; C1 12.83; S 11.57%. Found: C 
56.97; H 4.08; S 10.37; Br 24.75%. CI5HI3BrOS. Calculated: C 56.05; H 4.05; S 9.96; Br 24.92%. 

,~-Diphenyl-fl-thiolactone (III). To 1 g of (II) in 20 ml of absolute ether was added an equivalent 
amount of Et3N in I0 ml of absolute ether. The mixture was allowed to stand overnight at ~20 ~ Then the 

triethylamine hydrobromide was filtered (NI00% yield), and the filtrate was evaporated in vaeuo. The 
oily residue was extracted with hot heptane to give (III) in 31.3% yield, mp 54-55 ~ [2], v 1755 cm -i. 

Preparation of Thiol Esters (Va--c). i. With stirring, 0.01 M of Et3N in 50 ml of absolute ether 
was added to a mixture of equimolar amounts (0.01 mole) of thiolchloroacetic acid and the appropriate 
bromo derivative of the ketone in absolute ether (i00 ml), and the mixture was allowed to stand overnight 
at N20 ~ The triethylamine hydrobromide was filtered, and the ether was evaporated in vacuo. 

2. With stirring, 0.01 M of Et3N in 50 ml of absolute ether was added in drops to a mixture of the 
mercaptoketone and the appropriate acid chloride of the carboxylic acid (0.01 mole of each) in i00 ml of 
absolute ether at 0 ~ The temperature of the mixture was gradually brought up to room temperature and 
it was allowed to stand for 30 rain. The triethylamine hydrochloride was filtered, and the filtrate was 
evaporated in vacuo. The residue was either distilled or recrystallized (see Table i). 

Phenacylmereaptoacetic Acid (IXa). To 0.i mole of phenacylmercaptan and 0.i mole of ethyl bromo- 
acetate in I00 ml of absolute ether was added 0.I M of EtsN in 20 ml of absolute ether. The mixture was 
heated for 3 h, the triethylamine hydrobromide was filtered, the ether was evaporated in vacuo, and the 
residue was treated with 5% aqueous NaOH solution. The obtained solution was washed with ether, and 
then acidified with 10% HCI solution. Compound (IXa) was obtained in 80% yield, mp I00-I01 ~ (from 
CH3OH). Found: C 62.23; H 4.31; S 16.39%. CIoHI003S. Calculated: C 62.50; H 4.20; S 16.68%. In a 
similar manner, C6HsCH(SCH2COOH) COCH 3 (IXb) was obtained from C6HsCH(SH) COCH 3 and ethyl bromo- 
acetate in 74% yield, mp 47-48 ~ (from alcohol). Found: C 58.51; H 5.07; S 14.69%. C11H1203S. Calcu- 
lated: C 58.93; H 5.34; S 14.24%. 

2,3-Dihydro-l,4-oxathiin-2-ones (Via--c). I. An equivalent amount of EtsN in I0 ml of absolute 
ether was added to 1 g of (Va) in 20 ml of absolute ether. The mixture was allowed to stand overnight at 
~20 ~ and then it was refluxed for 50 rain. The triethylamine hydrochloride was filtered, and the filtrate 

was evaporated in vacuo. Compound (VI) was obtained (see Table 2). 

2. A mixture of 0.7 g of phenacylmercaptoacetic acid (IXa) and I0 ml of SOC12 was heated under re- 
flux for 2 h. The excess SOCI 2 was vacuum-distilled. We obtained (Via) in 60% yield, mp 97 ~ The mixed 
melting point with a sample from the preceding experiment was not depressed. Compound (VIb) was ob- 
tained in a similar manner from (IXb) in 47% yield. 

~-Benzoyl-fi-propiolactone (XI). A solution of 0.42 g of NaOH in 5 ml of water was added to 1.3 g of 
fi-bromo-~-benzoylpropionic acid in 20 ml of ether. The mixture was stirred vigorously for 5 h, and the 
ether layer was separated, dried over MgSO 4, and evaporated in vacuo. We obtained (XI) in 30% yield, 
mp 103 ~ (from alcohol). Found: C 68.22; H 4.70%. Ct0HsO3. Calculated: C 68.18; H 4.54%. 
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CONCLUSIONS 

i. A new route was proposed for the preparation of ~,~-diphenyl-fi-thiolactone from the correspond- 
ing bromomethyl ester of diphenylthiolaeetie acid in the presence of triethylamine, which includes the for- 

mation of a new C--C bond. 

2. The phenacyl esters of thiolchloroacetic acid undergo rearrangement in the presence of triethyl- 
amine and form 2,3-dihydro-l,4-oxathiin-2-ones. 
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