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It is well known that th i i ranes  readi ly  split  out sulfur to give unsaturated compounds [1-4]. This  is p a r -  
t i cu la r ly  cha rac t e r i s t i c  fo r  thioglycidic acids and the i r  der iva t ives  [2, 3, 5]; however,  it  has been found [3] that 
a -methyl th ioglyc id ic  acid amides a re  least  inclined to  undergo desulfurat ion.  The reac t ions  of thioglycidic acids 
with e lect rophi l ic  reager~s  have been previous ly  investigated [1, 5-7]. In the preserr  r e s e a r c h  we have studied 
the reac t ions  of a-methyl thioglycidic  acid amides with secondary  amines.  

The ~-methyl thioglycidic  acid amides were  obtained by aminolysis  of ~-metlwlthioglycidyl  chloride (meth-  
od A) or  ~ - ch lo ro -~ -me thy l - f l - t h io l ac tone  (method B). Amides I-III (Table 1) were  obtained in high yields  by 
the f i r s t  method. 

Me Me 
2H~NR 

(17-(Ill) 

R = Ph (I); C6H4COOEt-p (II); CH2COOH (III). 

The available informat ion regard ing  the aminolys is  of a - ch lo ro -~ -me t lw l - f l - t h io l ae tone  is cont radic tory .  Thus,  
whereas  the d ie thyl-  and di isobutylamides of ~-methyl thioglycidic  acid a r e  obtained by aminolysis  of the th io-  
laetone under the influence of these  amines in e ther ,  unider, t i f ied product  IV is the pr incipal  product  in the case  
of piperidine [5]: 

Mo Me 
/ ether [ 

IXCI -}- HN(CH,), ~ (C,H,,NOS,)n -}- CH,=C--CON(CH,)5 
- -%t  (iv) 

o 

A s imi la r  reac t ion  occurs  with d imethylamine or  morphol ine [8]. Disproport ionat ion products  of the IV type 
a re  evidently obtained as a r e su l t  of r eac t ion  of the in termedia te ly  formed ~-methyl thioglycidic  acid amides 
with the amines ,  s ince the special ly  p r epa red  piperidide of a-methyl th ioglycid ic  acid gives IV in the p r e s ence  
of piper idine (in ether)  [5]. 

+ HNR, > 
C1 CONR2 S 0NR2 

~'-"-~0 S 

xn~=Nic t~coo~ (m); N.C~H,COOH-p (v); N(---) (V~); NMe~ (VII); 
NH--CHC00H (VIII). 

I 
CHMe~ 

(B) 

In the p resen t  r e s e a r c h  we demons t ra ted  that the chief r eason  fo r  the unsuccessful  exper iments  involving 
the aminolys is  of ~ -ch lo ro -~ -me thy l - f i - t h io l ac tone  was the solvent: the same reac t ion  (B) in water  r a the r  than 
in ether  made it possible to  obtain ~-methyl thioglycidic  acid amides HI and V-VD-I in high yields  both with p ipe r -  
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TABLE 2. IR and PMR Spect ra  of the Compounds Obtained 

~, CITIV I. 

Compound Other 
CON vs ~e m s--s bands 

g) 

(vii) 
(Ix) 

t650 

t645 
t620 

1450 

t460 
i455 

sdef., m spulsat. 

670 ] tt25w 

650 I 1t25 s 
1 570, 585 m a 

t542,1600 
(Ar), 32613 
(NH) 

~, ppm 
Compound 

Me CHz Other signals 

(i) b 

(vii) b 

(VII) c 

(IX) c 

t,85 s 

t,79 s 

1,66 s 

t,54 s 
t,63s 

2,5.2 s (H - A) 
2,76 s (H - B) 

2,37s (H - A) 
2,97 s (H-B) 

2.37 d (H - A) 
2,83d (H-B) 
]AB~--t,7Hz 

3,11-3,24m 

5,t5-5,75m (Ph), 6,55s (NH) 

3,08s (MezN) 

I 
3,04m (Me2N) 

13,03 (MezN) 

aThese  bands a r e  absent  in the s p e c t r u m  of s ta r t ing  amide  VII. 
bin CC14 with hexamothyld is i loxane  as  the internal  s tandard.  
clu CF3COOH with t e t r a m e t b y l s i l a n e  as  the externa l  s tandard .  

idine and d imet twlamine  and with a number  of o ther  amines  (see Table  1). The bas ic i t i e s  of al iphat ic  and h e t e r o -  
cycl ic  amines  in wa te r  a r e  s e v e r a l  o r d e r s  of magni tude lower  than in iner t  organic  solvents  [9-11]; t he r e fo re ,  the  
t h i i r a a e  S a tom probably  is not a t tacked by amines  in wate r ,  and the resultLug thioglycidic  acid amides  HI and 
V-VII I  a r e  not c leaved.  In the case  of p iper id ine  and d imethy lamine  in the  p r e p a r a t i o n  of VI and VII the  amine  
i t se l f  was  the HC1 accep tor ;  be t te r  y ie lds  of the amides  were  obtained in th is  case  when the  o rde r  of mixing 
the r eagen t s  was  r e v e r s e d .  The s ta r t ing  amino acids (glycine, p -aminobenzo ic  acid, and L-val ine)  w e r e  used 
in the f o r m  of aqueous solutions of the  sodium sal ts ;  cycl iza t ioa  of the  in t e rmed ia t e ly  fo rmed  chloro m e r c a p t a n s  
was accompl i shed  in the  p r e s e n c e  of NaHCO 3. 

The IR s p e c t r a  of ~-methyl th iog lyc id ic  acid amides  I and VII contain bands tha t  a r e  cha r ac t e r i s t i c  for  the  
t h i i r a a e  r ing;  in the PMR s p e c t r a  of t h e s e  compounds in CC14 the protons  of the r ing CH 2 group show up in the 
f o r m  of s ingle ts .  The weak coupling of the geminal  pro tons  that  is  c h a r a c t e r i s t i c  for  th i i r anes  [1, 12, 13] can 
be detec ted  only in CF3COOH in the case  of ~-methyl th ioglyc id ic  acid amides  (Table 2). 

c~-Methylthioglycidic acid amides  a r e  r e la t ive ly  s table  compounds: they r e a c t  with alcoholic a lkal i  only 
upon ref luxing.  In the ca se  of amino acids  acyla ted  by ~-methyl th ioglyc id ic  acid (III, V, and VIII) r ing  opening 
under  the influence of a 0.7 N solution of NaOH/EtOt t  with heat ing p roceeds  mos t  read i ly  for  glycine de r iva t ive  
III, l e s s  r ead i ly  for  L-va l ine  de r iva t ive  VIII: III  > V > VIII  (see Table  1).  

~-Metlwl thioglycidic  acid d imetby lamide  (VII) in the  p r e s e n c e  of smal l  amounts  of p iper id ine  or  d imethy l -  
amine  in e ther  at ~20~ is conver ted  to  a m i x tu r e  of me thac ry l i c  acid d imcthylamide  [identified by means  of g a s -  
liquid ch romatography  (GLC)] and c rys ta l l ine  product  IX, the mo lecu l a r  weight of which co r r e sponds  to a t r i m e r .  
A poss ib l e  m e c h a n i s m  for  the  fo rmat ion  of IX is  p r e s e n t e d  in Scheme 1. S t ruc ture  IX was  conf i rmed  spec t ra l ly  
and by a l t e rna t ive  synthes is  - b y  the reac t ion  of ~ - ace ty ld i t h io -B-ch lo ro i sobu ty r i c  acid d imethy lamide  (X) with 
d ie thylamine  (Scheme 2). It follows f r o m  the se  r e s u l t s  that  IX is  a t r i m e r  in which the individual l inks axe con-  
nected "head to  ta i l . "  

T r i m e r  IX is  insoluble in organic solvents  (with the  exception of CF3COOH) and is only sl ightly soluble in 
CHC13, PhC1, C~t~N, and concent ra ted  t{2SO 4 upon heat ing in these  solvents .  P iper id ide  IV, which evidently a lso  
has  a t r i m e r i c  s t r u c t u r e  s i m i l a r  to that  of IX, a lso  has  a s i m i l a r  solubili ty.  The low solubi l i t ies  and unusual 
s tabi l i t ies  of these  compotmds (they a r e  not decomposed  even by hot concent ra ted  acids) make it poss ib le  to p r o -  
pose  for  t hem the exis tence  of a s t rong in t r amolecu la r  in te rac t ion  of the O and S a toms ,  as has  been es tabl ished 
fo r  methyl  2 ,1 -benzoxa th io l -3 -one -7 -ca rboxy la t e  (XI) [14, 15]. 
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Schemes of theFormation of Trimer IX 

Scheme 1 

Me F ~Ie 
| f----S~CONM% 

ONMe2 Et20 ' 20"---'-~o ] Sek.,_~ 

L_ @ --CONlVle 2 

Me ~ CONMe 2 

~-~CONMe~ I S--~-S 

S A S Me .... 

s  R ~'~.... ~ ._CI  __CONM e2 ~Ie 

~ Me 2 

"-./'% 

111 </o Mo 

/ 
S ...C~ 

�9 " .0 / /  N Me 2 
(ix) 

INR2 = or NMe2 

",Q. 
Scheme 2 ~- Me <>@ ? 

! 

i 
(X) S~'-COMe L SH S--Se J 

i +  + 
I . HTNEt 2 MeCONEt2 

Compound XI is stable precisely due to the existence of an O...S interaction, in contrast to unstable XII, which 
does not contain a carboxy group in the aromatic ring [16]: 

(XI) (XII) 

ll~ramolecular coordination of the carbonyl O atom with the S atom in IX is confirmed by the IR and PMR spec- 
tra. A consequence of this coordination is the significant (~30 cm -i) lowering of the frequency of. the stretching 
vibrations of the carbonyl group of IX to 1620 em -i as compared with starting thioglycidyl amide VII. Similar 
lowering of the frequency of the carbonyl group because of intramolecular coordination of the O atomwith the 
S atom [14-15] or the H atom [17] is known. Interaction of the S atom with the carbonyl O atom in trimer IX in 
turn gives rise to a shift of the signal of the methylene group bonded to this S atom to weaker field (~0.57 ppm 
as compared with VII) (see Table 2). 

A molecular ion is not observed in the mass spectra of trimer IX. Only a fragment wilh m/z 113 and its 
fragmentation products are recorded at low temperatures (<_65~ Under electron impact at a higher temper- 
ature (150~ trimer IX undergoes cleavage at the disulfide bonds to give a m~uomeric fragment 
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CONMe~ 

and a d i m e r i c  f r a g m e n t  (M~, m / z  354). FragTaentat ion of M' at  the C - S ,  C - C O ,  and C - N  bonds g ives  f r a g m e n t s  
with lower  molecu la r  weights  ( m / z  145, 113, and 72.69). 

The ~-methyl th ioglyc id ic  acid amides  synthes ized  in  the  p r e s e n t  r e s e a r c h  (HI, V, and V I ~  have  slight 
tuber  culostat ic  act ivi ty.  

E X P E R I M E N T A L  

The IR s p e c t r a  we re  r eco rded  with a UR-10 s p e c t r o m e t e r .  The  PMR s p e c t r a  we re  obtained with a P e r -  
k i n - E l m e r  R-12  s p e c t r o m e t e r  (60 MIIz). The m o l e c u l a r  weight of t r i m e r  IX was de te rmined  with an ]~P-3 
ebul l iometer  with CHC13 as  the solvent .  The m a s s  s p e c t r a  of IX were  r eco rded  with a Var i an  CH-8 s p e c t r o m -  
e te r .  

The constants  and r e s u l t s  of e l emen ta ry  ana lys i s  of amides  I - I E  and V-VIE  a re  p re sen ted  in Tab le  1, and 
da ta  f r o m  the IR and PMR s p e c t r a  of I, VII, and IX a re  given in Tab le  2. 

P r e p a r a t i o n  of ~-Methyl-c~,f l - thiogiycidic  Acid Amides  I - I l l  by Aminolys is  of the Acid Chlor ide  (Method 
A). Amides  I and II. A 0 .2-mole  s am p l e  of aniline or  ethyl aminobenzoate  in 50 ml  of d ry  e ther  was added at 
-40~ to  13.6 g (0.1 mole) of 2 ,3-epi th io isobutyryl  chlor ide  (XII) [2] in 150 ml  of d ry  e ther ,  a f te r  which the t e m -  
p e r a t u r e  was allowed to  r i s e  to  20~ and the p rec ip i t a t e  was r emoved  by f i l t ra t ion  and washed with water .  The  
e ther  solution was evapora ted ,  and the r e s idue  was combined with the  washed p rec ip i t a t e  and r ec ry s t a l l i z ed .  

2 ,3-Epi th io isobutyry lg lyc ine  (HI) was s i m i l a r l y  obtained f r o m  3.45 g (0.025 mole) of XII and a solution of 
3.52 g (0.025 mole) of glycine ethyl e s t e r  hydroch lor ide  in CHC13 containing 6.1 g (0.05 mole) of Et3N. The r e -  
sult ing 2 ,3-epi th io isobutyrylglyeine  ethyl e s t e r  (5.2 g), which was obtained in the f o r m  of a v i scous  oil, was 
t r e a t ed  with the calcula ted amount of 1 N NaOH solution. The unchanged s ta r t ing  e s t e r  was washed  away with 
e ther ,  and the aqueous solution was acidif ied with concent ra ted  HC1, sa tu ra ted  with NaC1, and ext rac ted  with 
e ther .  The ex t r ac t  was  dr ied with MgSO 4 and evacuated to give 3.1 g of ~I .  

P r e p a r a t i o n  of ~ - M e t h y l - ~ ,  f i - thioglycidic Acid Amides  HI and V-VII I  by Aminolys i s  of ~ - C h l o r o - ~ -  
me thy l - f l - th io lae tone  (XIID in Wate r  (Method B). Amides  HI, V, and VIE. A solution of 0.02 mole  of glycine,  
p -aminobenzo ic  acid, or  L-va l ine  in 20 ml  of I N NaC~I containing 0.02 mole  of NaHCO 3 was added dropwise  with 
v igorous  s t i r r ing  to  0.02 mole  of XIII, and the  mix tu r e  was s t i r r e d  at 20~ until a homogeneous  neut ra l  (pH ~ 7) 
solution fo rmed  (in the  case  of p -aminobenzo ic  acid the mix tu r e  was heated at 45~ for  0.5 h). The admixed un-  
changed XII was ex t rac ted  with e ther ,  and the aqueous solution was sa tura ted  with NaC1 and acidified with 10% 
HC1. The resu l t ing  amides  IE, V, and VIE w e r e  ex t rac ted  with e ther ,  and the ex t r ac t s  w e r e  dr ied  with MgSO 4 
and evapora ted  to  d r y n e s s  in vacuo.  Amino acid d e r i v a t i v e s  IE, V, and VIE a re  best  purif ied by r ep rec ip i t a t ion  
f r o m  b icarbona te  solution by means  of an acid.  

No mel t ing-po in t  dep res s ion  was obse rved  for  a m ix tu r e  of IE  with a sample  f r o m  exper iment  A. 

Amides  VI and VII. An 8.19-g (0.06 mole) sample  of XIII was  added slowly with v igorous  s t i r r ing  at  5~ 
to  0.12 mole  of p iper id ine  in 30 m l  of wa te r  or to  16.9 ml  (0.12 mole) of a 32% aqueous solution of Me2NH in 
100 ml  of wate r .  Af ter  s t i r r i ng  fo r  2 h (at 20~ the pH of the  r eac t ion  mix tu re  was checked (in the case  of 
Me2NH it was  s o m e t i m e s  n e c e s s a r y  to  add a smal l  amount of HC1 for  neutra l iza t ion) .  The  r eac t i on  mix tu re  was  
f i l t e red  to  r e m o v e  the admixed p o l y m e r  (if it was  p resen t ) ,  and the f i l t r a t e  was sa tura ted  with NaC1 and ex -  
t r a e t ed  with e ther .  The ex t rac t  was  dr ied  with MgSO 4, the e ther  was r emoved ,  and the r e s idue  was dis t i l led.  

Reac t ion  of ~-Methylt tziogiycidic Acid D ime t t~ l amide .  A) With p ipe r id ine .  A 0.1-ml  sample  of p iper id ine  
was  added to  a solution of 1.45 g (0.01 mole) of VII  in 50 ml  of absolute  e ther ,  and the  mix tu re  was p re tec ted  
f r o m  sunlight.  After  2-4 days  (at 20~ (or a f te r  ref luxing for  3 h), the resu l t ing  white c rys ta l l ine  p r ec ip i t a t e  
was  r e m o v e d  by f i l t ra t ion  and washed with e ther  to  give 0.5 g (57 T0) of 4 ,8 ,12 - t r ime thy l -4 ,8 ,12 - t r i s (d ime thy l -  
aminocarbonyl ) - l ,2 ,5 ,6 ,9 ,10-hexa th iacyc lododecane  (IX) with mp 234~ (from CIIC13). T h e  f i l t r a t e  contained 
m e t h a e r y l i c  acid d imethy lamide  (according to GLC). In the case  of IX th in - l aye r  ch romatography  (TLC) [Silufol; 
CHC13-MeCOOH (95:5)] gave a spot with Rf 0.59 (with I2 as the  developer) .  Found: C 43.68; H 5.88; N 6.40; 
S 29.01%. (C6III1NOS2) 3. Molecular  weight (by ebull ioscopy in CHC13) 540. Calculated:  C 43.82; H 5.98; N 6.39; 
S 29.24%. Molecular  weight 531. Mass  spec t rum,  m / z  ( re la t ive  intensi ty,  %): 354 [M']2 + (1.1); 290 [M' - S]2 + 
(1.7); 209 [!VI' + S] + (15); 177 [M'] + (13.3); 145 [M' - S] + (43.3); 144 [M' - HS] + (45); 113 [M' - $2] + (36.7); 112 
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[M' - S  - H S ]  + (70); 98 (15); 84 (5); 72 [CONMe2] + (100); 69 [C4H50] + (45); 64 (11.7); 58 (21.7); 44 [N1VIe2]+ (45); 
41 [C~5] + (51.7); 39 (13.3); 34 (11.7); 32 IS +] (10); 28 [CO] + (33.3); 18 (83.3); 15 (16.7). 

B) With Dimethylamine.  Similarly,  the r eac t ion  of 14.5 g (0.1 mole) of VII in 350 ml of absolute e ther  and 
3 g of Me2Ntt in 200 ml of absolute e ther  gave 6 g (68%) of IX with mp 200-205~ crys ta l l iza t ion  f rom CtIC13 gave 
a product  with mp 230-232~ No melting-poin~ depress ion  was observed  for  a mLxture of a sample of this p rod -  
uct with a sample  f rom exper iment  A. 

Independent Synthesis of IX. A solution of 1.46 g (0.02 mole) of Et2NH in 20 ml of absolute e ther  was added 
with s t i r r ing  at -30~ to 2.4 g (0.01 mole) of ~ -ace ty ld i th io - f l -ch lo ro i sobu tyr ic  acid dimethylamide (X)* in 80 ml 
of absolute e ther .  After  24 h (at 20~ the resul t ing  prec ip i ta te  was removed  by f i l t rat ion,  washed with e ther ,  
and then washed with water  to r emove  the Et2NH �9 tIC1 to give 1.2 g (68~  of IX with mp 230~ (from CHCI~. No 
melt ing-point  depress ions  were  noted for  mix tu res  of a sample of this  product  with samples  f rom exper iments  
A and B. 

C O N C L U S I O N S  

1. A cycl ic  t r i m  er ,  viz. ,  4, 8,12 - t r ime thy l -4 ,  8,12 - t r i s  (dimethylamiaocarbonyl)  -1 ,2 ,5 ,6 ,9 ,10-hexathiacy-  
clododecaae,  was obtained as a r e su l t  of the d ispropor t ionat ioa  of ~-methyl thioglycidic  acid dimethylamide.  

2. A number  of new c~-methylthioglycidic acid amides were  obtained in high yie lds  by the reac t ion  of ~ -  
c h l o r o - ~ - m e t t w l -  fi- thiolactone with var ious amines and amino acids in water .  
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