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The s t r u c t u r e s  of N-glycos ides  obtained by the reac t ion  of 2, 3, 4 , 6 - t e t r a - O - a c e t y i - f i - D -  
g luco(ga lac to)pyranosy l  i so th iocyanates  with 4 - amino -4 -me thy l -2 -pen t anone  and the s t r u c -  
t u r e s  of t he i r  deacetyla t ion  products  we re  es tabl ished by means  of IR, UV, and PMR s p e c -  
t r o scopy .  The glycosides  have p r i m a r i l y  the N 1 - g l y c o s y l - N 3 - ( 4 - m e t h y l - 2 - o x o - 4 - p e n t y l ) -  
th iourea  s t ruc tu re ,  which exis ts  in a s tate  of p ro to t rop ic  r ing-cha in  t a u t o m e r i s m  with cycl ic  
t a u t o m e r s ,  viz. ,  3 -g lycosy l -4 ,4 ,6 - t r ime thy l -4 -hyd roxyhexahydropy r imid ine -2 - th iones .  

We have p rev ious ly  desc r ibed  the synthes is  of N-glycoside IV, which was obtained by the reac t ion  of 
2 ,3 ,4 ,6~ te t r a -O-ace ty l - f l -D-ga lac topyranosy l  isothiocyanate  ( I )wi th  4 - a m i n o - 4 - m e t h y l - 2 - p e n t a n o n e  (III) [ 2], 
and its deace ty la t ion  product  VI. In the p resen t  r e s e a r c h  we ca r r i ed  out the reac t ion  of 2 , 3 , 4 , 6 - t e t r a -O -  
ace ty l - f i -D-g lucopyranosy l  i sothiocyanate  (II) [3] with f i-amino ketone III and obtained N-glycoside V. C o m -  
pound V was conver ted  to N-glycoside  VII by Zemplen  deacetylat ion.  

As a consequence of r ing -cha in  t a u t o m e r i s m ,  the aglycone in N-glycos ides  IV-VII  m a y  exist  in two 
t a u t o m e r i c  f o r m s ,  viz. ,  in the acyc l ic  oxoalkyl thiourea fo rm (IVA-VIIA) and in the cycl ic  4 -hydroxyhexa-  
hyd ropyr imid ine -2 - th ione  fo rm ( IVB-VIIB) .  The exis tence of a t au tomer i c  equi l ibr ium between these  two 
f o r m s  was p rev ious ly  demons t ra t ed  in the 3 -a lky l -4 -hydroxyhexahydropyr imid ine -2 - th ione  s e r i e s  [4]. 

CII.I heOCtl~ :,o~ ct%"l II Nil, O 

OAc 
1, II 

Ctl3\ . .~/CI1~. CH~\ ~ /CH 3 

CIi3/f ;~'O C II,-,/;l" ~ O t t "  
H N v N ( C t l 3 ) .  }IN. IN \  

II " ~i "cH~ 
S S 

VIII IX 

II H 

�9 0 ~ [ ' \ C t l  3 
AcOf~ll, &'; ~ 'C |L  HOcH2HN~NH 

I " I I N v N t l  '~ 

OAc OH 
IVA, VA VI A, VII A 

uo-  1 l"-..ctla UO~l I~Clla 
AeOC.H~ N. .NH HOCH~ N-.,./.NH 

OAc OH 
IVB,VB VIB ,'VII B 

I, IV R=OAc, R'=tt; II, V R=H, R'=OAc; Vl R'=OH, R '=H;  VII R ' -H,  R"'=oH 

To es tabl i sh  the s t r u c t u r e s  of the synthes ized N-glycos ides  IV-VII  and to study t he i r  p ro to t rop ic  r ing-  
chain t a u t o m e r i s m  we invest igated the i r  UV, IR, and PMR spec t r a  (Tables  1 and 2). 

The p r e s e n c e  in N-glycos ides  IV-VII of a th ioureide f ragment  is cha rac t e r i zed  by the p r e s e n c e  in the i r  
UV s pec t r a  of absorp t ion  bands at 215 and 252 nm [ 5, 6]. The IR spec t r a  of all of the compounds contain a 
s t rong band at 1550 cm -1, which re f lec t s  the vCN + 6NH Raman vibra t ion that is c h a r a c t e r i s t i c  for  a secondary  
th ioamide group in th ioureas  [ 7]. 

*See [ 1] for  Communica t ion  1. 

M. V. Lomonosov Moscow Insti tute of Fine Chemical  Technology, Moscow 119831. Trans la ted  f rom 
Khimiya Getero ts ik l icheskikh  Soedinenii, No. 6, pp. 825-829, June,  1982. Original a r t i c l e  submit ted July 28, 
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The IR s p e c t r a  of N-glycos ides  IV-VII  in the f o r m  of suspens ions  in mine ra l  oil and solutions in CHC13 
contain an intense absorp t ion  band at 1710 cm ~l of s t re tching vibrat ions  of the C = O group of the acycl ic  f o r m  
of the aglycone.  It follows f rom these  data that IV-Vii  exis t  p r i m a r i l y  in the aeycl ic  Nl -g lycosy l -N  3- (4 -me thy l -  
2 -oxo-4-pen ty l ) th iourea  fo rm (IV-VIIA) in both the c rys ta l l ine  s ta te  and in solutions in CHC13. 

To es tabl ish  the s t ruc tu re  of N-glycos ides  IV-VII by means  of the PMR s p e c t r a  and to c o r r e c t l y  a s s ign  
the s ignals  of the protons  we examined the s p e c t r a  of model  compounds,  v[z.,  N t , N l -d ime thy l -N3- (4 -me th y l -2 -  
oxo-4-pen ty l ) th iourea  (VIII), which has a genuine acycl ic  s t ruc tu re ,  and 3 ,4 ,6 ,6 - t e t r ame thy l -4 -hyd roxyhexa -  
hydropyr imid ine -2 - th ione  (IX), which has a cycl ic  s t ruc tu re  in solut ions.  The PMR s p e c t r u m  cf VIII in CDC13 
contains the following s ignals :  6.03 (1H, s, NH), 3.30 (2H, s, CH2CO), 3.25 (6H, s, [CH3]2N); 2.17 (3H, s ,  
CH3CO) , and 1.62 ppm (6H, s, [CH312C). Signals at 7.99 (1H, s, NH), 5.87 (1H, s ,  OH), 3.23 (3H, s ,  NCH~), 
1.91 (2H, s,  CH2CO), 1.46 (3H, s,  CH3CO), and 1.28 and 1.12 ppm (6H, d, [CH312C) a r e  p re sen t  i n [he  PMR 
s p e c t r u m  of IX in dG-DMSO. A compar i son  of the p a r a m e t e r s  of the PMR spec t r a  of model  compounds VIII 
and IX with the s p e c t r a  of N-glycos ides  IV and V shows that  in CDC13 solutions t a u t o m e r i c  equi l ibr ium A ~ 'B 
is shifted m a r k e d l y  to favor  t a u t o m e r  A with an acyc l ie  aglycone s t ruc tu re .  Thus s ignals  of the protons  of 
t a t l tomers  B with a cycl ic  aglycone f o r m  and the 3 - (2%3 '4 '  , 6 ' - t e t r a - O - a c e t y l - / 3 - D - g l y c o p r a n o s y l ) - 4 , 6 , 6 - t r i -  
me thy l -4 -hyd roxyhexahydropy r imid ine -2 - th ione  s t ruc tu re  (IVB, VB) a r e  p re sen t  i_n the PMR s p e c t r a  of g ly -  
cosides  IV and V along with s ignals  of the protons  of t a u t o m e r s  A with an acycl ic  aglyeone s t ruc tu re .  Judging 
f r o m  the re la t ive  intensi t ies  of the s ignals  of the protons  of the methyl  and methylene groups in the PMR s p e c -  
t r a  of t a u t o m e r s  A and B, the ra t io  of the A and B t a u t o m e r s  in V is 8 : 2, as compared  with 9 : 1 in IV. 

Signals of protons  cor responding  only to the acycl ic  t a u t o m e r i c  fo rm a r e  p re sen t  in the PMR s p e c t r a  of 
solutions of deacety la ted  N-glycosides  VI and VII in CD3OD (Table 2), while s ignals  of the protons  of t a u t o m e r s  
with a cycl ic  aglycone s t ruc tu re  do not appea r  in the spec t r a .  

In con t ras t  to VIII and IX, the geminal  protons  of the CH2CO groups  of the A and B f o r m s  of N-glycos ides  
IV and V a re  nonequivalent and in the PMR s p e c t r a  give s ignals  in the f o r m  of quar te t s  that  a r e  c h a r a c t e r i s t i c  
for  an AB s y s t e m  with JAB=17  Hz for  IVA and VA and J A B = 6  Hz for  IVB and VB. The s ignals  of the protons  
of the CH2CO group in the PMR s pec t r a  of VI also fo rm a quar te t  with JAB =17 Hz for  the A fo rm.  The protons  
of the geminal  methyl  groups of both t a u t o m e r s  of N-g lycos ides  IV and V and the aeyc l ie  A t a u t o m e r s  of N- 
g lycos ides  VI and VII a r e  a lso  noneqtlivalent. The r ea son  for the nonequlvalence of the protons  of the geminal  
methyl  and methylene  groups of aglycones  IV-VII  may  be the hindered conformat ion  of the t a u t o m e r s  with the 
acyc l ic  aglycone s t ruc tu re  (IV-VIIA) and the conformat ional  s tabi l i ty  of the t a u t o m e r s  with a cycl ic  aglycone 
s t ruc tu re  (IVB and VB) [8] because  of the p r e s e n c e  of a sugar  res idue  in the i r  molecu les .  

On the bas i s  of the s p i n - s p i n  coupling constant (SSCC) J r '  2' =8 Hz it was concluded that 13-glycoside 
bonds a re  p re sen t  in the molecu les  of all  of the invest[gated N-g lycos ides .  

As an a l t e rna t ive  method for  the synthes is  of N-glycos ides  VI and VII we studied the condensat ion of 
p - D - g l u c o p y r a n o s y l a m i n e  [9] with 4 - i so th ioeyana to -4 -me thy l -2 -pen t anone  (X). We found that deaminat ion  of 
the g lueosylamine  occurs  when hydroxy-eonta in lng  solvents  (water and aqueous alcohol solutions) a r e  used; 
i sothiocyanato ketone X ac ts  as a ca ta lys t  and an accep te r  of the l ibe ra ted  ammonia .  D-Glucose  and 4,6,6-  
t r i m e t b y l - 4 - h y d r o x y h e x a h y d r o p y r i m i d i n e - 2 - t h i o n e  (XI) [10] a r e  fo rmed  as a resu l t  of the reac t ion .  Br ief  
heat ing of the g lucosy lamine  with p - i s o t h i ocyana to  ketone X in apro t ie  solvents  (d imethyl formamide ,  dimethyl  
sulfoxide, and pyridine)  leads  to the fo rmat ion  of d ig lucosylamine  [11] and pyr imidineth ione  XI instead of the 
expected N-glycoside  VI. 

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

The speci f ic  ro ta t ions  were  de te rmined  with a P e r k i n - E l m e r  241 MC p o l a r i m e t e r .  The IR s p e c t r a  of 
suspens ions  of the compounds in m i n e r a l  oil and solutions in CHC13 were  r eco rded  with a UR-10 s p e c t r o m e t e r .  
The UV spec t r a  of 6 �9 10 -2 m o l e / l i t e r  solutions of the compounds in methanol  were  obta inedwith  a Specord UV- 
vts spec t ropho tome te r .  The PMR s p e c t r a  we re  r eco rded  with a Bruker  HX-90E s p e c t r o m e t e r  with hexa-  
methyldis i loxane  as the internal  s tandard .  T h i n - l a y e r  ch romatography  (TLC) was c a r r i e d  out on Silufol UV- 
254 pla tes  in the following s y s t e m s :  1) CHC13--ethanol (14:1); 2) CHCl~-e thanol  (2 :3 ) .  Column c h r o m a t o g -  
raphy was ca r r i ed  out on L40/100/~ s i l ica  gel (Czechoslovakia)  in[he following s y s t e m s :  3) b e n z e n e - e t h y l  
ace ta te  (2 : 1); 4) CHC13-ethanol  (3 : 1). The p r o p e ~ i e s  and yie lds  of the synthes ized compounds a re  p resen ted  
in Table  1. 

N i -  ( 2 ' , 3 ' , 4 ' ,  6 ' - T e t r a - O - a c e t y l - p - D - g l u c o p y r a n o s y l ) - N  3- (4 -me thy l -2 -oxo-4 -pen ty l ) th iourea  (V). A 2 -ml  
sample  of a solution of 0.16 g (1.4 mmole )  of III in benzene was added with s t i r r ing  to a cooled r 10~ solution 
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of 0.54 g (1.4 mmole)  of II in 3 ml  of d ry  benzene,  and the solution was allowed to stand at 20~ for  1 h, a f t e r  
which it was ch romatographed  with a 2.6 by 12 cm column in s y s t e m  3. After r emova l  of the solvent ,  V was 
rep rec ip i l a t ed  twice  f r o m  methanol  by the addition of anhydrous pentane to give 0.47 g of V with Rf 0.34 (1). 

N 1- (2 t,3t,4t,6 t -Te t r a -O-ace ty l - f l -D-ga l ae topy ranosy l ) -N~-  (4 -me thy l -2 -oxo-4 -pen ty l ) th iou rea  (IV). A 
solution of 0.09 g (0.78 mmole )  of III in benzene was added with s t i r r ing  and cooling to a solution of 0.30 g 
{0.77 mmole)  of I in 2 ml  of dry  benzene.  Af ter  30 rain, the p rec ip i t a te  was r emoved  by f i l t ra t ion,  r e c r y s -  

ta l l ized f rom benzene,  and reprec ip i t a t ed  twice f r o m  methanol  by the addition of pentane to give 0.31 g of IV 
with Rf 0.33 (1). 

N l -  ( f l -D-Glucopyranosyl) -N 3- (4 -methyl -2-oxo-4-penty l ) th iourea  (VII). A mix tu re  obtained by the r e -  
action of benzene solutions of 3.7 g (9.5 mmole)  of II and 1.24 g (9.52 mmole )  of III was evapora ted  to d r y -  
ness ,  the res idue  was dissolved in 20 ml  of anhydrous methanol ,  and the solution was again evapora ted  to d r y -  
ness .  The res idue  was dissolved in 20 ml  of anhydrous methanol ,  4 ml  of a solution of sodium methoxide ob- 
tained by dissolving 50 mg  of sodium in 10 ml  of alcohol was added, and the mix tu re  was maintained at 20~ 
for  1 h. The solvent was removed ,  and the res idue  was chromatographed  with a 2.8 by 28 cm column in s y s -  
t e m  4. The solvent was removed ,  and the reac t ion  product  was r ep rec ip i t a t ed  twice f r o m  dry  acetone by the 
addition of e ther  to  give 2.47 g of VII with Rf 0.52 (2). 

Compound VI with Rf 0.41 (2) was s i m i l a r l y  obtained. 
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