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We have prev ious ly  obtained optical ly act ive  th iazol id ine-4-carboxyl ic~acids  by condensing m e r c a p t o -  
amino  acids with aldose pe race t a t e s  [1-4]. In the p resen t  communica t ion  we shall  desc r ibe  a convenient m e t h -  
od for  convert ing these  compounds into d ike topiperaz ines .  

Although many natural  d ike topiperaz ines  have a l r eady  been synthes ized [5], the convers ion  of opt ical ly  
ac t ive  th iazo l id ine-4-carboxyl ic  ac ids  {I) to d ike topiperaz ines  is unknown in the l i t e ra tu re .  Severa l  opt ical ly 
inact ive d ike topiperaz ines  have been obtained f r o m  DI~pen ic i l l amine  in invest igat ions of the s t r u c t u r e  of p e n i -  
ci l l in [6] f r o m  DI~2-me thoxyca rbony l -5 ,5 -d ime thy l th i azo l i d ine -4 -ca rboxy l i c  acid in pyridine in the p resence  
of tosyl  chlor ide or d icyc lohexylcarbodi imide  [8, 9]. 

We have succeeded in obtaining 22 dif ferent  d ike topiperaz ines  with good yields  f rom optical ly pure  acids 
of type I by cyclodehydrat ion with mesy l  chloride in pyridine.  S y m m e t r i c  1H, 3H, 6H, 8H-bis thiazolo [3,4-a;  
3 ' , 4 ' - d ] p y r a z i n e - 5 , - 1 0 - d i o n e s  (II) (diketopiperazines} f o r m  rapidly  even under mild conditions ( f r o m - 5  to 0~ 
The compounds obtained a r e  h igh-mel t ing  and d isso lve  poorly in organic  solvents .  F r o m  the data in Table  1 it 
is seen  that  this reac t ion  is not accompanied  by ep imer iza t ion ,  s ince two individual compounds of type II were  
obtained f r o m  each pa i r  of C(2 ) e p i m e r s  of th iazo l id ine -4-ca rboxyl ic  acids  {Ik and I1, I m  and In, Io and Ip). 
Compounds Io and Iq a r e  enan t iomers .  

Many r e p o r t s  have been published on the IR spec t ra  of t r i cyc l i c  d ike topiperaz ines  [10, 11]. Bl~ha [12-14] 
showed that in compounds with cis annelation the diketopiperazine  r ing is in the boat conformat ion,  and an ab-  
sorp t ion  band of C O - N  at 1420 cm -1 is c h a r a c t e r i s t i c  of such s t ruc tu r e s .  Another cha r ac t e r i s t i c  band of this  
type is obse rved  a t  1310 c m  -1. In fact,  in the case  of our t r i cyc l i e  d ike topiperaz ines  of type II ,  the band of the 
s t re tch ing  v ibra t ions  of the C O - N  bond appea r s  in the 1440-1390-cm -1 region,  which co r r e sponds  to the l i t e ra -  
tu re  data.  The f requency of this band depends on the subst i tuents  in the thiazolidine ring: In the case  of 1,3, 
6 ,8- te t raa lky l th iazo l id ines ,  i t  is reduced,  and in the case  of the polyacetoxyalkyl  de r iva t ives ,  i t  is inc reased  
and appea r s  in the 1440-1420-cm -1 region.  The amide - I  absorp t ion  band in the spec t r a  of d ike topiperaz ines  
I Ia - I Id  is obse rved  in the 1690-1650-cm -1 region.  In some cases ,  this  band is spli t .  The two carbonyl  groups  
apparen t ly  become  inequ[valent due to the deformat ion  of the d iketopiperazine  r ing.  It  has  been es tab l i shed  
that  in this case ,  a subst i tut ion in the thiazolidine ring influences the f requency of the amide - I  band, which, be-  
cause  of the de format ion  of the r ing,  is a lways higher in the 1 ,3 ,6 ,8- te t rasubs t i tu ted  compounds than in the un.- 
subst i tuted and 1 ,6-disubst i tu ted d ike topiperaz ines  of type II. The hypothesis  that  coplanar i ty  of amide  group 
is d iminished due to the deformat ion ,  i .e. ,  that the f requency of the a m i d e - I  band i nc r ea se s ,  is f i rmly  supported 
by the spec t r a  of the d ike topiperaz ines  with a polyacetoxyalkyl  chain, for  which this band is obse rved  a t  a r e l -  
a t ively high f requency (1700-1670 cm-1}. The a m i d e - I  f requencies  in the ep imer i c  pa i r s  of  d ike topiperaz ines  
(IIk and IIl,  I I m  and IIn, Ho, and IIp) differ  only sl ightly f r o m  one another ,  the higher f requency being observed  
in the compounds which were  obtained f rom the 2 ,4-c i s  compounds of type I. 

The bands in the 1150-1130 region (of ave rage  intensity) and in the 580-550 cm -1 region,  which a r e  prob-  
ably caused by ske le ta l  and deformat ion  vibra t ions  of the amide  group, a r e  a lso  cha rac t e r i s t i c .  A weak band i s  
observed  a t  360 c m  -1 in all  c a s e s .  

The m o s t  probable  conformat ion  of the compounds of type II is  r e p r e s e n t e d  in the following d iagram:  

sT---E H 

H H 
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TABLE 2. Infrared Spectra of Diketopiperazines of TypeII 

Compound Amide-I, Other characteristic 
II cm -1 cm_ lvc~ frequencies, cm "I 

a 

b 
C 

d 
e 

f 

i 
J 
k 
1 
m 
i1 
o 

P 
q 
r 
s 
t 
U 
Y 

W 

1662 
1658 
1669 
1653 
1657 
1678 
1660 
1669 

1408 
1401 
1400 

141t 
1398 

1395 

1300, I 155, 530, 355 
13(}2, 1148, 562, 550, 355 
1310, 1t28, 570, 560, 360 

1307. 1150, 560, 555, 350 
1309, 1122,531,517,349 

1296,1154, 573,563,360 
1660 
1658 
1670 
1660 
1673 
1672 
1677 
1681 
1682 
1688 
1679 
1684 
1678 
17'00 
1675 
1668 
1667 
1670 
1688 

1396 
1396 

1394 
1397 
1425 
t4t5 
t430 
1436 
1418 
1432 
142t 
1435 
1403 
14t0 
t422 
1381 
1393 

1306. t296, 1121, 528, 577, 366 
1302, 1292, 1138, 538, 338 

1294.1290, 1134, 578,560, 370 
1299. 1289, 1150, 572, 560, 348 

1290 

129~ 380 
1294, 376 
1292 
1300, 375 
350 
1296. 1160, 548, 530, 340 
131~ 1294, 1140, 558, 530, 348 
1310. 1290, 1150, 530, 510, 370 
1290,1147, 540,510, 360 
1292, 1130, 520, 360 

TABLE 3. Thiazolidine-4-carboxylic Acids 

Compound I 

C2Hs HN~oOH 

c.~ ~'~"coon 
H 

~ s~CHa 
I ~CH~ 

N ~ / % E O O N  
H 

. , s ~ / C H ~  
] "'(:H a 

mp, ~ (solvent for 
crysta Uizatio n) 

Amorphous 

119--120 
(diethyl ketone) 

Fou nd, 
Empirical 
formula 

C,oH,sCINO~S 12,6 

16,7 CsHIsNOzS 

8,9 C6H,,NO2S 

13,5 C,,HmNO2S 

14,4 C,oHl~'O~S 

127 
(ace to he) 

t76--179 
(ethyl acetate-  ligroin) 

117 
(cyclopentanone) 

7,, 

t9; 

6/. 

6,1 

Ca Ic., 
q~ 

5,6 12,7 

7,4 16,9 

8,7 19,9 

6,0 13,9 

6,4 14,8 

70 

16~ 

77 

96 

35 

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

T h e  IR  s p e c t r a  w e r e  r e c o r d e d  in  K B r  t a b l e t s  on  a P e r k i n - E l m e r  283 i n s t r u m e n t  w i t h  an  a c c u r a c y  of  +0.5 
c m  -1 .  T h e  r o t a t i o n  a n g l e s  w e r e  m e a s u r e d  on a S c h m i d t -  H a e n s c h  p o l a r i m e t e r .  T h e  m e l t i n g  p o i n t s  w e r e  d e t e r -  

m i n e d  on a B o 6 t i u s  m i c r o  r i o t - s t a g e  a p p a r a t u s .  T h e  t h i n - l a y e r  c h r o m a t o g r a p h y  w a s  c a r r i e d  ou t  on K i e s e l  G e l  

G, and  t h e  p r e p a r a t i v e  s e p a r a t i o n  w a s  c a r r i e d  o u t  in  a c o l u m n  w i t h  K t e s e l  G e l  60 in a 4 :1  b e n z e n e - a c e t o n e  s y s -  

t e m  w i t h  d e t e c t i o n  by  i o d i n e  v a p o r .  

T h e  s t a r t i n g  c o m p o u n d s  u s e d  w e r e  c o m m e r c i a l  L - c y s t e i n e  ( f r o m  R e a n a l ) ,  D - c y s t e l n e  ( f r o m  D i a m a l t  AG,  

W e s t  G e r m a n y } ,  and  D - p e n i c i l l a m i n e  ( f r o m  B i o g a l ,  H u n g a r y ) .  

T h e  t h i a z o l i d i n e - 4 - c a r b o x y l i c  a c i d s  w e r e  o b t a i n e d  a c c o r d i n g  to  t h e  f o l l o w i n g  m e t h o d s :  Ia  [15]}, Ib  [16], 

I c  [17], Ie  [18]) Ih  [19], Ik  and  I1 [20], I m  and  In  [4], Io  and  Ip  [2], Iq and I r  [3], I s  and I t  [21], Iu  and Iv  [22], and  

987 



Iw [23]. The synthesis  of the acids that have not been  descr ibed  was ca r r i ed  out in analogy to the methods for 
the compounds descr ibed:  Id [17], I f  and Ig [18], and Ii and Ij [17] (Table 3). 

D i k e t o p i p e r a z i n e s  I I a - i i w  

A solution of 1 mmole  of compound I in 5 ml of dry  pyridine is cooled to - 10~ and 0.11 ml of methane-  
sulfonyl chloride is added with s t i r r ing .  The s t i r r ing  is continued at  r o o m  t e m p e r a t u r e  for  another  2 h. The 
homogeneous m a s s  is poured into 40 ml of water ,  and the amorphous  oily prec ip i ta te  fo rmed  is ex t rac ted  with 
ch loroform.  The ex t rac t  is washed with a KHSO 4 solution and dried with MgSO 4. The fur ther  purif icat ion is 
c a r r i ed  out in a chromatographic  column or by crys ta l l iza t ion .  The data on the d ike topiperaz ines  obtained a r e  
presented  in Table  1. 
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