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In the development of work on the synthesis of compounds modeling natural glyeopeptides we have 
previously reported on the synthesis of O-(amino-aeyl) derivatives of ribose and some hexoses [1-4] and 
presented data on the stability of various O-(amino-acyl) derivatives of glucose to hydrolysis and hydrox- 
ylaminolysis [5,61o 

In this paper we describe the synthesis of 5-O-, 4-O-, and 2-O-glycyl-D-arabinoses,  1-O-glycyl-D- 
mannitol, and 3-O-glycyl-D-glucose. The resul ts  obtained in the synthesis of these compounds made it 
possible to determine the limits of the applicability of the carbodiimide (CDD method: the effect of the 
nature of the carbohydrate and, in part icular ,  its selectivity in the O-(amino-acylation) of carbohydrates. 
The following study of the chemical behavior of new O-(amino-acyl) derivatives, e.g., of the stability of the 
es ter  link, makes it possible to compose a picture of the effect of the nature of the carbohydrate and the 
position of the O-(amino-acyl) group in the monosaccharide molecule on the propert ies  of natural glyco- 
peptides. 

The condensation of D-arabinose with N-(benzyloxycarbonyl) glycine was conducted in presence of 
dicyclohexylcarbodiimide in dry pyridine at -7 ~ Chromatographic study of the reaction mixture showed 
the presence of at least two mono(amino-acyl) derivatives together with small amounts of what was prob- 
ablyadiacyl  derivative of arabinose. By the extraction procedure developed ear l ie r  (1,4] the starting sub- 
stances and the diacyl derivatives were readily separated from the mono (amino-acyl) derivatives of 
arabinose. In paper chromatography in system 3 (see Experimental) the mono(amino-acyl) fraction gave 
two spots with Rf 0.69 and 0.77; ratio about 1 : 2.5. These substances were separated by partition chro-  
matography on cellulose. Periodate oxidation showed that the substance with Rf 0.69, which was obtained 
in the smaller  amount, was 5-O-[N-(benzyloxycarbonyl) glycyl]-D-arabinose (D (3 molecular proportions 
of periodic acid were consumed, and 3 tool.prop, of formic acid were formed). The substance with Rf 0.77 
was probably a mixture of isomeric mono (amino-acyl) derivatives of arabinose in which secondary hydroxyls 
were substituted. The mixture crystal l ized part ial ly after a long time; the crystall ine compound isolated 
was investigated, and the oily residue was not studied. Periodate oxidation of the crystall ine compound 
showed unequivocally (2 tool.prop, of periodic acid were consumed, and 2 tool.prop, of formic acid were 
formed) that this substance was 4-O-[N-(benzyloxycarbonyl) glycyl ]-D-arabinose (ID. The negative ro ta-  
tion angle of (I1) diminishes in methanolic solution which enables us to assign (ID to the B-D-arabinose 
series.  
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We did not succeed in selecting conditions for the O-(amino-acylation) of arabinose under which the 
main reaction product would be the product of the amino-acylatiou of the pr imary  hydroxy group (I). Thus, 
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lowering the t e m p e r a t u r e  f rom 20 to -20 ~ r a i s e d  the yield of  (I) somewhat ,  but the amount of  the products  
of the amino-acy la t ion  of the secondary  hydroxy groups  of a rab inose  r ema ined  predominant .  Our r e s u l t s  
o n t h e  condensat ion of D-xylose  with N-(benzyloxycarbonyl)  glycine in p r e sence  of d icyclohexylcarbodi imide  
show that  in this  case  a mix tu re  of  i somer i c  mono (amino-acylat ion)  der iva t ive  is again obtained which in 
pape r  ch romatography  gives  two spots  with R / 0 , 7 5  and 0.83 (sys tem 3); ra t io  about 1 : 3.5. By p r e p a r a -  
t ive par t i t ion  ch romatography  on cel lu lose  these  subs tances  were  sepa ra ted  and isola ted in the fo rm of 
amorphous  powders .  The per ioda te  oxidation of these  subs tances  went much m o r e  slowly than in the case  
of the cor responding  de r iva t ives  of o ther  monosaccha r ide s ,  and as  a r e su l t  of  overoxidat ion  p r o c e s s e s  it 
did not give a decis ive answer  on the s t ruc tu r e s  of these subs tances .  The substance  with Rf  0.83 was 
probably  a mix tu re  of p roducts  of the mono(amino-acyla t ion)  of the secondary  hydroxyls  of xylose ,  whe reas  
the substance with Rf  0.75, which was obtained in the s m a l l e r  amount,  was  p robab ly  5 -O-[N-(benzy loxy-  
carbonyl)  glycyl  ] -D-xylose .  
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Thus,  the carbodi imide  method of condensing N-(benzyloxycarbonyl)  glycine with a rab inose  or  xylose ,  
unlike the s i m i l a r  condensat ion w i t h r i b o s e  [4] o r  hexoses  [1-4], g ives  a mix tu re  of p roduc t s  of  the amino-  
acylat ion of the secondary  hydroxyls ,  which is p robab ly  r e l a t ed  to the exis tence of these  monosaccha r ides  
in solution predominant ly  in the py ranose  form.  However ,  with the development  of sufficently convenient 
methods for  the sepa ra t ion  of these  m i x t u r e s  the mos t  va r i ed  O-(amino-acy l )  de r iva t ives  may be obtained, 
including de r iva t ives  of  furanose  f o r m s  of these  monosaccha r ides ,  which again demons t r a t e s  the un iv e r -  
sal i ty  of the carbodi imide  method. In connection with our subsequent work  on the de terminat ion  of the 
effect  of  the posi t ion of the O-(amino-acy l )  group in the monosacchar ide  molecule  on the s tabi l i ty  of  the 
e s t e r  link, we also synthesized 2-O-[N-(benzyloxycarbonyl)  g lycy l ] -D-a rab inose  (IID, which was p r e p a r e d  
by the per ioda te  oxidation of 4 ,6 -O-benzyl idene-3-O-[N-(benzyloxycarbonyl )  g lycy l ] -D-g lucose  (IV) or  
3-O-Kg-(benzyloxycarbonyl)  g lycy l ] -D-g lucose  (V), which we have desc r ibed  e a r l i e r  [2]. 

The per ioda te  oxidation of (IV) was conducted in 55% methanol  for  t h ree  days and, without isolat ion 
in the pure  s ta te ,  the oxidation product  was hydrolyzed with hydrochlor ic  acid to (Ill). Af ter  par t i t ion  
ch romatography  on cel lulose  (III) was  obtained in 54%yield as an amorphous  powder.  The s t ruc tu re  of  
(lid was p roved  unequivocal ly by the fact  that  a f te r  the acid o r  alkaline hydro lys i s  of (III) a rab inose  was 
identified, and also by per ioda te  oxidation (2 mol .prop,  of per iodic  acid were  consumed).  The second 
method of synthesizing {Ill) p roved  to be cons iderably  m o r e  convenient. It was  found that  (V) is oxidized 
quanti tat ively in the course  of  90 minutes  with the absorpt ion of 1 mol .prop,  of sodium per ioda te ,  and f u r -  
the r  oxidation goes  e x t r e m e l y  slowly. In the oxidation only the bond between the C-1 and C-2 a toms  of 
glucose is  broken,  and probably  2 -O- [N- (ben zy loxyca rbony l ) -g lycy l ] -4 -O- fo rmy l -D-a r ab inose  (VD, which 
does not contain an a -g lyco l  grouping,  is formed.  Without isolat ion in the pure  s tate  (VI) was subjected to 
acid hydro lys i s  and gave a 71%yield of (HI), which was comple te ly  identical  in i ts  constants  to the sub-  
s tance obtained by the f i r s t  method. Conf i rmat ion  of thequant i ta t ive  c leavage of the bond between C-1 and 
C-2 a toms in (V) is provided by the fact that  a f te r  the hydro lys i s  of  (VI) only one monosacchar ide  - a r a b i -  
nose  - was  identified by pape r  chromatography .  An analogous cour se  of per ioda te  oxidation is descr ibed  
in the l i t e r a tu re  for 3-deoxyhexoses  [7,8]. 
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We must  point out that the synthesis  of (V) by the acid hydrolys is  of its 1 ,2 :5 ,6-di -O-isopropyl idene 
der ivat ive  has been descr ibed  by us previous ly  v e ry  br ie f ly  [2]; it is associa ted  with ce r t a in  difficulties,  
which prevented  Stroh and c o - w o r k e r s  [9] f rom prepar ing  (V) in an analogous way and m er i t s  more  detailed 
examination.  Chromatographic  investigation of the products  of the hydrolys is  of 3 -O-[N-(benzyloxycar -  
bonyD g lycy l ] - l ,2 :5 ,6 -d i -O- i sopropy l idene-D-g lucose ,  which is read i ly  p r ep a red  by the carbodi imide method,  
with 70%acetic acid or  40% formic  acid at 20 ~ showed that,  apart  f rom (V) and products  of i ts hydrolys is ,  
substances  are  fo rmed  which can be at t r ibuted to the par t ia l  acylation of (V) by acetic or  formic  acid (cf. 
[10]). When hydrochlor ic  acid is used,  hydrolys is  at 70-100 ~ is accompanied by the migra t ion of the 
benzyloxycarbonyl)  amino acyl group onto the p r i m a r y  hydroxy group,  whichis  evidenced by the format ion 
of the by-product  6-O-[N-(benzyloxycarbonyl)  g lycyl ] -D-glucose ,  which we identified chromatographical ly .  
To avoid migra t ion  we c a r r i e d  out the hydrolys is  with hydrochlor ic  acid in aqueous acetone solution at 
50 ~ for  2.5 h. Moreover ,  e a r l i e r  [2] for the r emova l  of hydrochlor ic  acid f rom the hydrolyzate  we have 
used s i lver  carbonate ,  but the excess  of s i lver  carbonate  can bring about a fa i r ly  appreciable  migra t ion of 
the acyl group,  and t he re fo re  we have p r e f e r r e d  to r emove  hydrochlor ic  acid by ext rac t ion  (see Exper imen-  
t a l l  However,  even under  the best  conditions found, as well as the hydrolys is  of isopropylidene groups ,  
hydrolys is  of the e s t e r  lint~ occurs  also and the yield of c rys ta l l ine  (V) is 35~a 

In bermaldehyde solution in p re sence  of zinc chlor ide (V) is conver ted  v e r y  smoothly in 81%yield 
into (IV), which has the same melting point as the sample p repa red  previous ly  [1,2]. Data on the d i rec t ion  
of the mutarota t ion  of solutions of c rys ta l l ine  (IV) and (V) enable us  to ass ign them to the c~-D-glucopy- 
r anose  se r i es .  

For  use in work on the de terminat ion  of the effect  of the p re sence  of an open carbohydra te  chain on 
the stabil i ty of O-(amino-acyl)  der iva t ives  we synthesized 1-O-[N-(benzyloxycarbonyl)  g lycyl] -D-manni tol  
(VIIa). (VIIa) was synthesized by the carbodi imide method descr ibed  for monosacchar ides  [1-4]. In view 
of the poor  solubility of mannitol  in d ry  pyridine the reac t ion  was conducted in dilute solution, which p rob -  
ably lowered the yield of (VIIa}, which was 17~ The s t ruc tu re  of (VIIa), which was isolated in the c r y s t a l -  
line state,  followed unequivocally f rom the r e su l t s  of per iodate  oxidation (4 mol.prop,  of per iodic  acid were  
consumed,  and 3 tool.prop, of  formic  acid were  formed).  

As indicated above, the s t ruc tu re s  of (I) - ( I ID and (VII) were  conf i rmed by per iodate  oxidation. Since 
af ter  an excess ive ly  long t ime per iodate  oxidation led to a high consumption of oxidant, we checked the 
consumption of per iodic  acid per iodica l ly  during the oxidation. To de te rmine  the consumption of per iodic  
acid we c a r r i e d  out t i t ra t ion  with sodium arsen i te  in p re sence  of excess  of sodium bicarbonate  with cool-  
ing with ice,  and this  gave r e su l t s  of good reproducibi l i ty .  Data on per iodic  acid consumption as a function 
of oxidation t ime a r e p r e s e n t e d  in Table I (see Experimental)  and show that in the oxidation of the O-(amino-  
acyl) der ivat ive  (1), which is acylated on the p r i m a r y  hydroxy group,  3 tool.prop, of per iodic  acid a re  con - 
sumed rapidly,  while in the oxidation of the der iva t ives  with acylated secondary  hydroxy groups  (ID and 
(III) 2 moI.prop, of per iodic  acid a re  consumed rapidly,  af ter  which fa i r ly  slow oxidation occurs .  We con-  
s ider  that the more  marked  overoxidat ion of (IID is probably to be explained by the format ion  of a malon-  
aldehyde der ivat ive ,  and as is well known, these  a re  pa r t i cu la r ly  prone to overoxidation.  
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Hydrogenolysis of the (benzyloxycarbonyl) amino acyl derivatives obtained, which was conducted, as 
described previously [1-4], over Pd/BaSO 4 in 75% methanol in presence of oxalic acid, gave the oxalates 
of the corresponding compounds containing a free amino group (VI~) and (VIII)-(XI) in yields of up to 70% 
In hydrogenolysis in water or methanol without the addition of acids rapid hydrolysis or alcoholysis of the 
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TABLE 1 

Substance 

5- O- [N- (]3 enzyloxycarbonyl)glycyl]-  D- arabinos  e 
4- O- [N- (Benzyloxycarbonyl)glycyl]-  D- arabinos  e 
2- O- [N- (B enzyloxyc arbonyl)glycyl]-  D- arabinos  e 
1- O- [N- (]3 enz yloxycarbonyl)glycyl]-  D- mannitol  

0.5 h 

2.53 
1.93 
1.44 

HIO4, tool.prop. 

l h  2 h  

2.98 3.05 
2.00 2.08 
1.92 2.11 
3.92 3.97 

3 h  

3.10 
2.18 
2.23 
4.00 

HCOOH, 
mol .prop .  

2 h  

2.84 
2.01 

2.89 

e s t e r  link occur red .  More detai led data on the s tabi l i ty  of  the e s t e r  link in the compounds synthes ized will 
be published in the future.  

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

Chromatography  and e l ec t ropho re s i s  were  conducted on " M "  chromatograph ic  pape r  f rom Leningrad 
No. 2 fac tory .  C h r o m a t o g r a m s  were  produced by the ascending method. We used  the following solvent 
s y s t e m s  for  chromatography :  isobutyl  alcohol sa tu ra ted  with water  ( sys tem 1); butyl a l coho l -ace t i c  a c i d -  
wate r ,  4 : 1 : 5 ( sys tem 2); isobutyl  a lcoho l -bu ty l  a c e t a t e - w a t e r  ( sys tem 3). E l ec t ropho re s i s  was conducted 
in buffers :  pyr id ine  (2 m l ) - a c e t i c  acid (4 m l ) - w a t e r  (to 1 l i ter ) ,  pH, 4.3-4.5; pyr idine (0.5 m l ) - a c e t i c  
acid (30 m l ) - w a t e r  (to 1 l i ter ) ,  pH 2.8-2.9. Spots were  detected with the aid of  s i lve r  n i t ra te ,  aniline 
phthalate,  and ninhydrin. 

C o n d e n s a t i o n  o f  D - A r a b i n o s e  w i t h  N - ( B e n z y l o x y c a r b o n y l )  g l y c i n e .  3 g o f D -  
a rab inose  and 2.1 g of N-(benzyloxycarbonyl)  glycine were  d issolved in 140 ml  of dry  pyr idine,  the  so lu-  
t ion was cooled to -7% 2.5 g of  d icyclohexylcarbodi imide  was added, and the mix tu re  was left  at -7  ~ for  
four days. Pyr id ine  was  vacuum-d i s t i l l ed  off, and the res idue  was t r e a t e d  with a mix tu re  of wa t e r  (80 ml) 
and e ther  (50 ml). C r y s t a l s  of 1 ,3-d icyc lohexylurea  were  f i l te red  off, the e ther  l ayer  was separa ted ,  and 
the aqueous l aye r  was  ex t rac ted  twice with e ther .  Two to th ree  drops  of acet ic  acid were  added to the 
aqueous solution, and it was  ex t rac ted  six t i m e s  fur ther  with ether .  The aqueous solution was ex t rac ted  
eight t i m e s  with butyl alcohol. The butyl alcohol solution was washed five t i m e s  with water  and v a c u u m -  
evaporated.  The oily res idue  (1.8 g) was dissolved in 15 ml  of isobutyl alcohol and applied to a column of 
cel lulose  (600 g) in s y s t e m  1, and 600 ml  of isobutyl alcohol was added to the column. When 100 ml  of 
solvent had left  the column, 250 ml  of s y s t e m  1 was added to the column, and then s y s t e m  1 was added 
continuously at the r a t e  at which solvent left  the column (communicat ing vesse l s ) .  F rac t ions  containing 
only one substance  with R f  0.69 or  0.77 ( sys tem 3) were  evapora ted ,  and the mixed  f rac t ions  were  r e -  
chromatographed .  We obtained 0.5 g (14%) of (I) (Rf 0.60 in sy s t em 3) as an amorphous  hygroscopic  powder 
[GII~ ~ -60 .4  ~ (c 0.5; water}. Found %: C 52.78, 53.03; H 5.77, 5.76. C15HlsOsN. Calculated %: C 52.79; H 5.61. 

The f rac t ions  containing the substance  with Rf  0.77 (sys tem 3) were  evaporated.  The res idue ,  which 
c rys t a l l i zed  pa r t i a l ly  on standing, was  t r e a t ed  with ch lo roform,  and the c r y s t a l s  we re  f i l te red  off, washed 
with ch lo ro fo rm and a l i t t le  ethyl ace ta te ,  and c rys t a l l i zed  f rom a 1 : 1 mix tu re  of ethyl ace ta te  and ethanol. 
We obtained 0.36g (10.8%) of (ID in the f o r m  of co lo r e l e s s  c r y s t a l s  of m.p.  158-159 ~ [ G] D 20 - -  73.3 ~ (c 0.35; 
water) ;  [~] D 20 - -  85.2 ~ (after 5 min) ~ --46.1 ~ (after 20 h - constant) (c 0.3; methanol).  Found%: C 52.89, 
52.93; tt 5.62, 5.48. C15H19OsN. Calculated %: C 52.79; H 5.61. 

C o n d e n s a t i o n  o f  D - X y l o s e  w i t h  N - ( B e n z y l o x y c a r b o n y l ) g l y c i n e .  The p rocedure  
was s imi l a r  to that in the condensation wi~h D-arab inose ,  and we s ta r t ed  f rom 3 g of D-xylose,  2.1 g of N- 
(benzyloxycarbonyl)glTcine, and 2.5 g of d icyclohexylcarbodi imide  in 85 ml of dry  pyridine.  After two p a r -  
t i t ion-chromatogr~aphy t r ea tmen t s  on cel lulose we obtained 0.96 g (2870) of an amorphous  substance with Rf  
0.83 (system 3), which was probably  a mix ture  of i somer i c  products  of amino-acy la t ion  on secondary  hy- 
droxy groups ,  and 0.29 g (8.5%) of a substance with Rf 0.75 (system 3) in the fo rm of an amorphous  co lor -  
l e s s  hygroscopic  powder,  which was probably  5-O-(N-benzyloxycarbonyl )g lycy l ] -D-xylose ,  [G] i~~ 10.2 ~ 
(c 0.3; water) .  Found %: C 52.73, 53.02; H 5.62, 5.81. C15Hi9OsN. Calculated %: C 52.79; H 5.61. 

3 - O - [ N - ( B e n z ~ r l o x ~ c a r b o n y l ) g l y c y l ] - s - D - g l u c o s e  ( V ) .  3 . 8 g o f 3 - O - N - ( b e n z y l o x y -  
ca robony l )g lycy l ] - l , 2 :5 ,6 -d i -O- i sopropy l idene -D-g lucofu ranose  [2] was dissolved in 25 ml  of acetone,  the 
solution was heated to 50 ~ and in the cour se  of 15 min  30 ml  of dilute (1 : 9) hydrochlor ic  acid was added 
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dropwise with s t i r r ing.  The reac t ion  mixture  was heated fur ther  for 2.5 h at 50 ~ acetone was vacuum-  
disti l led off, and 70 ml  of water  was added. The aqueous solution was extracted eight t imes  with ether and 
then seven t imes  with butyl alcohol. The butyl alcohol solution was washed repeatedly  with eater  until 
neutral.  Butyl alcohol was vacuum-evapora ted .  The oily residue was dissolved in a little hot ethyl acetate 
and left in a r e f r ige ra to r .  The c rys t a l s  precipi ta ted were  f i l tered off; yield 1.1 g (35~ After  r e c r y s t a l l i -  
zation f rom ethyl acetate we obtained co lo r l ess  c rys ta l s  of (V), m.p. 132-133 ~ [C~]D20 + 64.7 ~ (after 5 rain) 
- -  + 37.8 ~ (after 20 h - constant) (c 0.5; water).  Found%: C 51.68; H 5.65, 5.68; C16H21OgN. Calculated%: 
C 51.75; H 5.70. 

4 , 6 - O - B e n z $ 1 i d e n e - 3 - O -  I N -  ( b e n z y l o x y c  a r b o n y l ) g l y c y l  ] -  [ ~ ] - D - g l u c o  s e  ( I V ) .  
0.93 g of (V) was dissolved in 13 ml of f resh ly  distilled benzaldehyde, 0.21 g of f reshly  fused zinc chloride 
was added, and the mixture  was s t i r red  v igorously  for 2 h at room tempera ture .  The reac t ion  mixture was 
diluted with 50 ml of hexane, and the c rys t a l s  formed were  f i l tered off, washed repeatedly  with hexane, and 
t rea ted  with 20 ml of 3% ammonium sulfate solution and 20 ml of ether.  The c rys t a l s  were f i l tered off and 
washed well with water  and then ether;  yield 0.93 g (81.5%). Recrys ta l l iza t ion  from alcohol gave co lor less  
needles of (IV), m.p. 164-165~ [C~]D2~ + 15.6 ~ (after 10 rain) -* -1 .6  ~ (after 24 h - constant)(c 0.5; methanol). 
Found %: C 60.04, 60.00; H 5.67, 5.65; C23H2509 N. Calculated%: C 60.13; H 5.48. 

2 - O - [ N - ( B e n z y l o x y c a r b o n y l ) g l y c y l ] - D - a r a b i n o s e  ( I I I ) .  0 . 5 g o f ( I V )  was dissolved 
in 75 ml of methanol,  the solution was cooled with ice, 63 ml of sodium periodate  solution (7 g / l i te r )  was 
added, and the mixture  was left at room tempera tu re  in the dark for th ree  days. 0.5 ml of ethylene glycol 
was added, after  2 h methanol was vacuum-dis t i l led  off, and 40 ml of water  and 30 ml of ether  was added. 
The aqueous solution was extracted twice with ether. The combined ether  ex t rac ts  were washed five t imes  
with water ,  and ether was evaporated. The res idue was dissolved in 6.2 ml of acetone, the solution was 
heated to 45 ~ 5 ml of dilute (1 : 30) hydrochlor ic  acid was added dropwise in the cour se  of 10 min, and 
the mixture  was heated for 1 h 50 rain at 45 ~ Acetone was evaporated,  the solution was diluted to 20 ml 
with water ,  and it was extracted with ether ten t imes.  The aqueous solution was extracted eight t imes  
with butyl alcohol. The butyl alcohol solution was washed with water  until neut ra l .  Butyl alcohol was 
vacuum-evapora ted ,  and the res idue  was subjected to part i t ion chromatography on cel lulose (75 g) in 
sys tem 1. Fract ions  containing the substance with Rf  0.78 (system 3) were  evaporated; yield 0.2 g (54%). 

1.1 g of  (V) was dissolved in sodium periodate solution (10 g / l i te r ) ,  and the solution was left at room 
t empera tu re  in the dark for 90 min. 0.5 ml of ethylene glycol was added, and the mixture was again left 
in the dark for 90 rain. The solution obtained was extracted six t imes  with butyl alcohol, and the extract  
was washed th ree  t imes  with water  and vacuum-evaporated.  The res idue  was dissolved in 12.5 ml of 
acetone, 10 ml of  dilute (1 : 30) hydrochlor ic  acid was added, and the mixture was heated at 45 ~ for 90 
rain. Acetone was vacuum-dis t i l led  off. The aqueous solution was diluted to 50 ml and extracted 12 t imes  
with ether.  The aqueous solution was extracted seven t imes  with butyl alcohol. The butyl alcohol solution 
was washed with water until neutral ,  and butyl alcohol was vaccum-evapora ted .  We obtained 0.72 g (71.2%) 
of an amorphous hygroscopic  powder,  [~]i~ ~ -48 .2  ~ (c 0.35; water). Found %: C 52.92, 53.09; H 5.81, 5.85. 
C15H19OsN. Calculated %: C 52.79; H 5.61. 

By the paper  chromatography  in sys tems  1-3 of the acid hydrolyzate  descr ibed above and of the a lka-  
line hydrolyzate  of (III) (1 mg of  the substance,  0.15 ml of methanol,  0.03 ml of  concentrated ammonia,  2 
h) we identified only one monosacchar ide  - arabinose.  

1 - O - [ N - ( B e n z y l o x y c a r b o n y l ) g l y c y l ] - D - m a n n i t o l  ( V I I a ) .  3 g o f m a n n i t o l a n d l . S g  
of N-(benzyloxycarbonyl)glycine were  dissolved in 1400 ml of dry pyridine,  the solution was cooled to 5 ~ 
2.2 g of dicyclohexylcarbodiimide was added, and the mixture was left at 5 ~ for four days. I>yridine was 
vacuum-evapora ted .  The res idue  was t rea ted  with 80 ml of  water  and 50 ml of ether.  The c rys t a l s  were  
f i l tered off, the ether  layer  was separated,  and the aqueous layer  was extracted twice with ether. A few 
drops of acetic acid were added to the aqueous solution, and the solution was extracted eight t imes  more  
with ether and then 15 t imes  with water.  Butyl alcohol was vacuum-dis t i l led  off. The crys ta l l ine  residue 
was t rea ted  with a little ethyl acetate,  f i l tered off, and r ec rys t a l l i zed  f rom a 1 : 1 mixture of ethyl acetate 
and methanol. We obtained 0.55 g (17%) of  (VIIa) in the form of co lor less  c rys ta l s ,  m.p. 150-151~ [~] D 20 
+ 4.2 ~ (e 0.5, methanol). Found%: C 51.52, 51.62; H 6.23, 6.09; Cl~H23OgN. Calcutated%: C 51.47; H 6.21. 

O x i d a t i o n  w i t h  P e r i o d i c  A c i d .  20-24 mg of the substance under investigation was d is-  
solved in 35 ml of  an acetate buffer of  pH 4.3, 10 ml of sodium periodate solution (5.5 g / l i te r )  was added, 
the volume was made up to 50 ml with water ,  and the mixture was left in the dark at room tempera ture .  
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5 - m l  s amples  were  taken per iodica l ly ,  cooled with ice,  and neut ra l ized  with 0.2-0.25 g of  NaHCO 3 and 1.5 
ml  of  cooled 4% NaHCO 3 solution; 0.5 g of  po ta s s ium iodide was  added, and the solution was t i t r a t ed  with 
sodium arseni te .  

Two h a f t e r  the s t a r t  of  the oxidation 0.1 ml  of  ethylene glycol was added to 20 ml  of the solution being 
oxidized, the mix tu re  was left in the dark for  90 min and then neut ra l ized  exact ly with alkali ,  0.2 ml  of 
4N HCI, 1 ml  of sa tu ra ted  sodium ace ta te  solution, and 2 ml  of 4% m e r c u r i c  chlor ide  solution were  added, 
and the mix tu re  was boiled in a wa te r  bath in the dark  for 90 min. The solution was  cooled, and the p r e c i p -  
i tate was f i l t e red  off, washed  with wa te r ,  and dr ied to constant  weight at 100% F r o m  the weight of  ca lomel  
we de te rmined  the amount of fo rmic  acid fo rmed  as  a r e su l t  of the oxidation. The r e s u l t s  of  the oxidation 
a re  p re sen ted  in Table  1. 

3 - O - G l y c y l - D - g l u c o s e  ( O x a l a t e )  V I I I ) .  1 8 5 m g o f ( V )  was d isso lved  in 6 ml  of 75% 
methanol ,  60 mg of 5%palladium on ba r ium sulfate  and 38 mg of oxalic acid dihydrate  w e r e  added, and 
hydrogenat ion was conducted for one h. Cata lys t  was  separa ted  by centr i fugat ion,  washed  with a l i t t le  50% 
methanol ,  and again centr ifuged.  The solution obtained was f i l te red  and diluted with a l a rge  amount of 
acetone. The p rec ip i t a t e  fo rmed  was sepa ra ted  by centr i fugat ion,  d issolved in the leas t  poss ib le  amount 
of water ,  and p rec ipa ted  with acetone.  The p rec ip i t a te  was ground with dry  acetone and then centr i fuged,  
acetone was decanted, and res idua l  acetone was  r emoved  in a vacuum. We obtained 94 mg (67%) of e l e c t ro -  
phore t ica l ly  homogeneous (VIII) as a co lo r l e s s  amorphous  hygroscopic  powder,  decomp, temp.  87-88~ 
[(X] D 20 + 49 ~ (c 1.0 water) .  Found %: C 38.31, 38.52; H 5.71, 5.72; (CsHi~OTN)2. (COOH)2. Calculated %: 
C 38.30; H 5.71. 

1 - O - G l y c y l - D - m a n n i t o l  ( O x a l a t e )  V I I b ) .  This  was p r e p a r e d  analogously to (VIII) f rom 
186 mg of (VIIa) and 38 mg  of oxalic acid dihydrate in 6 ml  of 75% methanol .  Yield 97 nag (69~c) of a co lo r l e s s  
amorphous  hygroscopic  powder with [C~]D20 + 4.8 ~ (C 1.5; water) .  Found%: C 38.27, 38.33; H 6.41, 6.51; 
(CsH17OTN)2 o (COOH)2. Calculated%: C 38.03,  6.38. 

5 - O - G l y c y l - D - a r a b i n o s e  ( O x a l a t e ) .  This  was p r e p a r e d  analogously to (VIII) f rom 1 7 0 m g  
of (D and 38 mg of oxalic acid dihydrate  in 4 ml  of 75%methanol.  Yield 81.5 mg (65%7 of a co lo r l e s s  a m o r -  
phous hygroscopic  powder with decomp, temp.  69-70 ~ [c~] D 20 - 6 6 . 7  ~ (c 1.5, water) .  Found%: C 38.46, 
38.48; H 5.86, 5.90; (CTHI306N)2 ~. (COOH) 2. Calculated%: C 38.10; H 5.60. 

4 - O - G l y c y l - D - a r a b i n o s e  ( O x a l a t e ) .  This  was p r e p a r e d  analogously to (VIII) f rom 1 7 0 m g  
of 4 -O- [N-(benzy loxycarbony l )g lycy l ] -D-a rab inose  and 38 mg of oxalic acid dihydrate in 10 ml  of 75% 
methanol.  Yield 80 mg (64~c} of a co lo r l e s s  amorphous  hygroscopic  powder, decomp, temp.  82-83~ [~]D 20 
-83 .4  ~ (c 1.5; water) .  Found%: C 37.86, 37.79; H 5.49, 5.65; (CTHI3QN)2. (COOH)2. Calculated%: C 38.10; 
H 5.60. 

2 - O - G 1 y c y 1 - D - a r a b  i n o s e ( O x a 1 a t  e ) .  This  was p r e p a r e d  analogously to (VIII) f rom 170 mg 
of (III) and 38 mg of oxalic acid in 5 ml  of 75% methanol.  Yield 80 mg (64~c) of a co lo r l e s s  amorphous  hy-  
groscopic  powder ,  [(~ ] D 20 - 6 5 . 4  ~ (c 1.5; water) .  Found%: C 37.84, 37.76; H 5.8~ 5.83; (CTH1306N)2 -(COOH)2. 
Calculated%: C 38.10; H 5.60. 

C O N C  L U S I O N S ,  

1. The p rev ious ly  developed carbodi imide  method was extended to the synthes is  of 5 -O-  and 4-O-[N- 
(benzyloxycarbonyl)glycyl  ] -D-mannitol .  

2. By the per ioda te  oxidation of 3 -O-[N-(benzyloxycarbonyl )g lycy l ] -D-g lucose  or its 4 ,6 -O-benzy l i -  
dene der iva t ive  2 -O- [N- (benzy loxycarbony l )g lycy l -D-a rab inose  was  obtained. 

3. By the hydrogenolys is  of the O-[(benzyloxycarbonyl)  amino acyl] de r iva t ives  in p r e sence  of oxalic 
acid the cor responding  O-(amino-acy l )  de r iva t ives  were  obtained as oxalates .  
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the a b o v e  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  jou rna l .  Some or  all o[ th is  p e d -  

odical  l i terature m a y  we l l  be  ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at  the back of  the f i r s t  i s s u e  of  t h i s  year.  

1717 


