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The p repa ra t ion  and p r o p e r t i e s  of  the b ieycl ic  and t r i cyc l ic  o r thoaee ta tes  of w-D-xylopyranose  were  
r epor t ed  in the p rev ious  pape r  of this s e r i e s  [1]. tn connection with solving one of the complex synthetic 
p r o b l e m s  the need a ro se  of obtaining and studying the p rope r t i e s  of the bieyel ic  and t r i cye l i c  or thobenzo-  
a tes  of a - D - x y l o p y r a n o s e ,  which is the subject  of the p re sen t  paper  
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Start ing with the p rev ious ly  descr ibed  [2] 2 , 3 , 4 - t r i - O - b e n z o y l - a - D - x y l o p y r a n o s y l ,  b romide  (I), and 
using the modified Hel fer ich  method [3], were  p r e p a r e d  1,2 -O-methy lo r thobenzoy l -3 ,4 -d i -O-benzoy l -c~-D-  
xy lopyranose  (II). The s ame  as in the synmes i s  of the bicycl ic  o r thoace ta tes  of a - D - x y l o p y r a n o s e  [1], in 
o rde r  to isolate  the b icycl ic  methyl  or thobenzoate  It proved convenient to saponifY the obtained mixture  of 
subs tances ,  a f te r  which the isolat ion of 1 ,2 -O-me thy lo r thobenzoy l -~ -D-xy lopy ranose  was eas i ly  achieved 
by ex t rac t ion  with ch lo ro fo rm f r o m  the reac t ion  mixture .  The or thobenzoate  {Ill) obtained in this manner  
in 48% yield was then r eeonve r t ed  to dibenzoate (I1), 

Both o r thoes t e r s  (17) and (III) a re  chromatograph ica l ly  homogeneous,  and a r e  hydrolyzed complete ly  
under the conditions of the analyt ical  tes t  for  the o r thoes t e r s  of sugars  [4, 5]. The NMR s p e c t r u m *  of (II) 
contains a doublet at 7.99 ppm$ and J1,2 4.5 Hz, which co r responds  to the a -conf igura t ion  of the glycoside 
center .  The two singlets  at 3.09 and 3.44 ppm, respec t ive ly  co r respond  to the exo-  and endo-conf igurat ions  
of the methoxyl group. Based on the NMR data,  the ra t io  of the exo-  and e n d o - i s o m e r s  is equal to 7 : 2. 

In the synthes is  of (I1) and (III) the side fo rmat ion  of intensely colored products  of undetermined na-  
ture  was observed ,  which a r i s e  during the t r ea tmen t  of the reac t ion  mixture  af ter  the synthesis  of (II) (see 
Exper imenta l  Method). All a t tempts  to r em ov e  thecolored impuri ty  (fi l tration through A1203, ex t rac t ion  with 
va r ious  solvents) p roved  unsuccessful .  Since during the saponif icat ion of this mix tu re  with sodium methylate  
the po la r i ty  of the colored impur i ty  i nc rea se s  sharply ,  compound (II1) can be eas i ly  pur i f ied by washing the 
ch lo ro fo rm solution of the saponif icat ion products  with water .  The nature  of the colored impur i ty  was not 
studied in g r e a t e r  detail; however ,  it is poss ib le  to a s sume  that its fo rmat ion  is respons ib le  for  the c o m -  
pa ra t ive ly  low yield of (II1) (48%) and is specif ic  for  the or thobenzoates  of D-xylose ,  since prev ious ly  nei ther  
in the synthes is  of the o r thoace ta te s  of D-xylose  (I), nor in the synthesis  of the o r thoace ta tes  and 

*The NMR spec t r a  of the o r thoes t e r s  of D-xy lose  will be d iscussed  in another  communicat ion.  
tA l l  of the chemical  shifts  a re  given on the 6 scale.  
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orthobenzoates  of other sugars  (see, for example,  [3-8]), ca r r i ed  out by an analogous scheme,  was the 
format ion  of s imi la r  colored products  observed.  

In its p roper t i e s  the bieyel ie  orthobenzoate (III) r e sembles  1 ,2 -O-methy lo r thoaee ty l - a -D-xy lopy-  
ranose  [1]. It undergoes eyel izat ion when s tored,  and is conver ted with comparat ive ease to 1 ,2 ,4-or tho-  
benzoy l - a -D-xy lopyranose  (IV) under t ranses te r i f i ca t ion  conditions (see below). 1 ,2 ,4 -Or thobenzoyl -a -  
D-xylopyranose  (IV) was obtained in 60% yield under  the conditions for  the eyclizat ion of bicycl ie  or tho-  
e s t e r s ,  proposed by us on the example of the synthesis  of the t r icye l ie  or thoaeeta tes  of ~ -D-xy lopyra -  
nose (I) and the macroeyc l ie  or thoacetate  of c~-D-glueopyranose [9]. 

In contras t  to the or thoaceta tes  of a -D-xy lopyranose ,  together  with the main compound (IV), a side 
product  is formed dur ing  the cyclization,  which gives a positive hydrolyt ic  tes t  for  the o r thoes te r  group. 
The by-produc t  has Rf 1.2 re la t ive  to (IV) (SIC2, sys tem A). The yield of the by-product  is about 10% 
(visually). The nature of the by-product  was not studied in g rea te r  detail by us. In the prepara t ion  of (IV) 
we took special  precaut ions  to p ro tec t  the reac t ion  mixture  f rom mois ture ,  since in the opposite case a 
decomposit ion of the s tar t ing o r thoes te r  (III) is observed.  Using conventional p rocedures ,  f rom (IV) were  
obtained the 3 -O-ace ta te  (V), the 3-O-benzoate  (VI) and the 3-O-carbanl la te  (VII). Compounds (IV)-(VII) 
a re  chromatographical ly  homogeneous,  and they give a posit ive hydrolyt ic  test  for  o r thoes te r s .  In the 
NMR spec t ra  ofor thobenzoates  (IV)-(VI1) is p resen t  a doublet of the anomerfc  proton at 5.88-5.92 ppm, Jt,2 
4.5-4.7 Hz, which co r robo ra t e s  the a-conf igura t ion  of the glycoside center .  In the spec t rum of (V) is ad- 
ditionally p resen t  the singlet of the aeetyI group at 2.1 ppm. On the whole, the NMR spec t ra  of (IV)-(VII) 
a re  analogous to the NMR spec t ra  of the t r icye l ie  or thoaceta tes  of eL-D-xylopyranose [1]. 

In o rder  to conf i rm the s t ruc tu re  of or thobenzoates  (IV)-(VII) we ran  a number  of t ransformat ions  
according to the following scheme 
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Under the conditions of the o r thoes t e r  method [4], f rom (VII) was obtained 2 - O - b e n z o y l - 3 - O - c a r -  
bamoyl - f i -methyl -D-xylopyranos ide  (VIII), the benzoylat ion of which gave dibenzoate (IX) in 72% yield when 
based on (VII). The same product  was also obtained by s tar t ing with the previously  descr ibed  [1], 1,2,4- 
o r t h o a c e t y l - 3 - O - c a r b a m o y l - a - D - x y l o p y r a n o s e  (X). Under conditions, analogous to those used to p repa re  
(VIII), was obtained 2 -O-ace ty l -3 -O-ca rbamoy l -~ -me thy l -D-xy lopyranos ide  (XI), the saponification of 
which with sodium methylate gives 3 -O-ca rbamoyl -~-methy l -D-xy lopyranos ide  (XII) 

The benzoylat ion of (XII) leads to 2 ,4 -d i -O-benzoy l -3 -O-earbamoyl - f i -methy l -D-xy lopyranos ide  (IX) in 57% 
yield when based on (X). The identity of the p-D-xylopyranose  der iva t ives  (IX) obtained by the two routes ,  
which follows f rom a compar i son  of the IR spec t ra ,  analytical  data, angles of rotat ion,  and the absence of 
depress ion  of the mixed melting point, unequivocally proves  the s t ruc ture  of or thobenzoates  (IV)-(VII), 
since in the above pe r fo rmed  t ransformat ions  the posit ion of the carbamoyl  group could not change. 

EXPERIMENTAL METHOD 

The CH3NO 2 was purified as descr ibed  in [4], while the dichloroethane (DCE) was purif ied as des-  
cr ibed in [i]. 

The thin-layer chromatography (TLC) was run in a bound layer of silica gel or on AIpO 3 (neutral, 

degree of activity III according to Brockmann) in a loose layer in the systems: CHCI3-Me2CO (95 : 5) - A, 

CHCI3-Me2CO (90 : I0) - B, CHCI 3-Me2CO (80 : 20) - C, CHCI3-Me2CO (60 : 40) - D. The spots were 
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detected with cone. H2SO 4. The evaporation of the solutions was done in vacuo at a tempera ture  not ex- 
ceeding 40~ The melting points were determined on a Kofler block. The NMR spect ra  were taken in 
CDC13 on a Varian D-60-A1L spec t rometer .  

The obtained compounds are  chromatographica l ly  homogeneous in the appropriate sys tems of sol-  
vents.  All of theor thoes te rs  are hydrolyzed completely under the conditions of the analytical test  for or tho-  
e s te r s  [4, 5]. In order  to avoid hydrolys is ,  the obtained or thoes te r s  are  stored in the presence  of a small  
amount of pyridine or  in a des icca tor  over caustic.  

1 ,2 -O-Methylor thobenzoyl -a -D-xylopyranose  (III). A solution of 92.4 mmoles of (I) [2] in a mixture 
of 120 ml of CH3NO2, 60 ml of lutidine and 4.5 ml of CH3OH was allowed to stand at 37 ~ for two days. To 
the react ion mixture was then added 500 ml of CHC13, and the solution was washed in success ion with 100 
ml of water ,  saturated NaHCO 3 solution (3 x 100 ml), and water (3 x 100 ml), and evaporated in vacuo. Here the 
fo rmer ly  c lear  solution acquires  a g r e e n  color,  whichbecomes  darkbrown toward the end of the evaporation. Any 
res idual  lutidine was removed by azeotropic  distil lation with toluene and heptane. The darkbrown residue was 
dissolved in 100 ml of absolute methanol, 10 ml of a 1 N solution of CH~ONa in absolute methanol was 
added, and the mixture was allowed to stand for  2 h. The solution assumes an intense r a spbe r ry  color.  

To the react ion mixture was added 150 ml of water  and the whole was extracted with CHCls (4 x 150 
ml), after which the ext rac t  was washed with water  (3 • 100 ml), in which connection all of the colored sub- 
stance is washed out with the water .  The c lear  chloroform solution was evaporated in vacuo. To the 
residue was added 150 ml of heptane, and the mixture was shaken well and allowed to stand for 5-6 h, after  
which the heptane was decanted. 

In this connection near ly  all of the methyl benzoate is removed with the heptane; in case of need the 
operat ion was repeated. The C6HsCO2CH 3 can also be removed by rough chromatography on A1203: the r e -  
sidue after  evaporat[on was deposited o n  A1203; the C6HsCO2CH 3 was eluted with CC14, and the substance 
was washed out with a CHC13 - acetone mixture (1 : 1). The yield of (III) was 12.0 g (48%); [a]~ + 32 ~ (1.0; 
CHC13). Found: C 58.31; H 6.12%. Cl~H160 ~. Calculated: C 58.24; H 6.00%. TLC on si l ica gel in sys tems  
B and C. 

1 ,2 -O-Methy lor thobenzoyl -3 ,4 -d i -O-benzoyl -a -D-xy lopyranose  (II). To a solution of 4A4 mmoles of 
(III) in 30 ml of pyridine,  cooled to 0 ~ was carefully added 3.8 ml of C6HsCOC1, and the mixture was al-  
lowed to stand at room tempera ture  for 3 h. Then the react ion mixture was diluted with 250 ml of CHC13, 
washed in success ion  with 50 ml of water ,  saturated NaHCO 3 solution (3 • 50 ml) and water (3 • 50 ml), and 
evaporated in vacuo. The yield of (II) was 1.8 g (86%). TLC on silica gel in sys tem A. 

1,2,4-Orthobenzoyl-c~-D-xYl0pyranose (IV). A solution of 15 mmoles of (HI) in 100 ml of dichloro-  
ethane~was boiled in a f lask connected to a descending condenser,  at the same time distilling off and adding 
the solvent in drops in such a manner that the volume of the solution remained constant. At the same time 
a solution of 0.09 mmole of TsOH in 40 ml of DCE was boiled, distilling off about 15 ml of the solvent. 
After about 20 ml of DCE had been distilled f rom the solution of (III), to the (III) solution was added the 
TsOH solution, after which the p rocess  was continued under the above indicated conditions (dropwise addi- 
tion and distil lation of the solvent) until react ion was complete (about 30 min, the composition of the r e a c -  
tion mixture was periodical ly  checked by TLC on A1203 in sys tem D). Then 1.0 ml of pyridine was added, 
and the mixture was cooled and evaporated in vacuo. The residue was rec rys ta l l i zed  f rom benzene. The 
yield of (IV) was 2.1 g (60%); mp 144-145~ [c~]~ + 67 ~ (1.16; CHCI~). Found: C 61.30; H 5.30%. C12H1205 . 

Calculated. C 61.02; H 5.08%. TLC on si l ica gel in system B. 

1 ,2 ,4-Orthobenzoyl-3-O-acety l -vz-D-xylopyranose  (V). To a solution of 1.70 mmoles of (IV) in 10 
ml of pyridine was added 1.5 ml of (CH3CO2)O and the mixture was allowed to stand overnight. The mixture 
was evaporated with toluene, while the residue was evaporated with a 5% solution of pyridine in toluene 
(3 • 15 ml). The residue was dissolved in 80 ml of CHC13, washed in success ion with saturated NaHCO~ 
solution (3 • 15 ml) and water  (3 • 15 mi), and evaporated in vacuo. The residue was recrys taUized  f rom 
MeOH. The yield of (V) was 0.43 g (73%); mp 159-161~ [&]~ + 55 ~ (0.98; CHC13). Found: C 60.71; H 5.18%. 
C14H1406. Calculated: C 60.43; H 5.04%. TLC on silica gel in sys tem A. 

1 ,2 ,4 -Or thobenzoy l -3 -O-benzoy l -~-D-xy lopyranose  (VI). To a solution of 25.42 mmoles of (IV) in 
50 ml of pyridine at 0 ~ was careful ly added 4.6 ml of C6H5COC1, after which the mixture was let stand at 
room tempera tu re  for 2 h. The react ion mixture was diluted with 200 ml of CHC13, washed in success ion 

1196 



with 50 ml of water, saturated NaHCO 3 solution (3 • 50 ml) and water (3 x 50 ml), and evaporated in vacuo. 
Traces of pyridine were removed by azeotropic distillation with toluene and heptane. The residue was 

recrystallized from methanol. The yield of (VI) was 7.9 g (91%); mp 136-137~ [~]~ + 52 ~ (0.92; CHCI3). 

Found: C 67.10; H 4.82%. CIgHI6OG. Calculated: C 67.06; H 4.71%. TLC on silica gel in system A. 

1,2,4-Orthobenzoyl-3-O-carbamoyl-(~-D-xylopyranose (VII). To a solution of 14.8 mmoles of (IV) 
in 30 ml of freshly distilled pyrldine (over P205) was added 16.5 mmoles of phenyl isocyanate. The reac- 
tion mixture was kept at i00 ~ for 2 h without the admittance of moisture. The mixture was evaporated in 
vaeuo to dryness, and the residue was dissolved in 20 ml of ether and kept at 0 ~ for 2 h. The crystals of 
diphenylurea were separated, and the filtrate was evaporated in vacuo to dryness. The residue was re- 
crystallized from toluene-heptane. The yield of (VII) was 3.8 g (71%); mp 128-129~ [c~]~ + 53 ~ (1.05; 

CHCI3). Found: C 64.13; H 5.08; N 4.03%. C19Ht70~N. Calculated: C 64.23; H 4.78; N 3.94%~ TLC on 
si l ica gel in sys tem A. 

2 ,4 -Di -O-benzoyl -3 -O-carbamoyl - f i -methy l -D-xy lopyranos ide  (IX). F rom a solution of 6.62 mn'loles 
of (VII) in 70 ml of CH3NO 2 was distilled off about 25 ml of solvent, after which 0.25 mmole of HgBr 2 and 
1.0 ml of CH3OH were added, and the mixture was refluxed without the admittance of moisture for  3 h (the 
composit ion of the react ion mixture was checked periodical ly by TLC on silica gel in sys tem B). The mix- 
ture was cooled, 1.0 ml of pyridine was added, and the mixture was evaporated in vacuo to dryness .  The 
residue,  namely 2 -O-benzoyl -3-O-earbamoyl - f i -methy l -D-xylopyranos ide  (VIII), does not give a hydrolyt ic  
test  for the or thoes te r  group and, based on the TLC data (on s i l ica gel in sys tems A and B), contains one 
free OH group. 

Compound (VIII) was dis solved in 20 ml of pyridlne,  9 mmoles  of C6H5COC1 was added, and the mixture was 
allowed to stand at room tempera ture  for 2 h. The react ion mixture was diluted with 100 ml of CHC13, washed in 
success ion wi thwater  (30 ml), saturated NaHCO 3 solution (3 • 30 ml) and H20 solution (3 x 30 ml), and evaporated 
invacuo to dryness ,  The residue was reerys ta l l i zed  f rom toluene. The yield of (IX) was 2.32 g [72.5%, when 
based on (VII)I; mp 197-198~ [ ~ ] ~ -  25 ~ (0.96; CHCI3). Found: C 66.35; H 5.25; N 2.91%. C27H25OsN. Cal- 
culated: C 66.00; H 5.09; N 2.83%. TLC on si l ica gel in system A. 

Under conditions, analogous to those used for the preparat ion of (VIII), f rom 3.27 mmoles of 1,2,4- 
o r thoace ty l -3-O-carbamoyl -c~-D-xylopyranose  (X') [1] in 20 ml of CH3NO2, 0.14 mmole of HgBr 2 and 0.5 ml 
of CH3OH was obtained 2 -O-ace ty l -3 -O-carbamoyl - f i -methy l -D-xy lopyranos ide  (XI). The react ion time 
was 2 h. Compound (XI) does not give a hydrolyt ic  test  for the or thoes te r  group and, based on the TLC 
data (silica gel in sys tem B), it contains one free hydroxyl group. 

To a solution of (XI) in 10 ml of absolute CHaOH was added 0.5 ml of a 1 N solution of CH3ONa in ab- 
solute CH3OH , and the mixture was allowed to stand at room tempera ture  for 90 rain. To the react ion mix- 
ture  was added 100 ml of water ,  and the mixture was washed with CHC13, neutralized with KU-2 (H+), and 
evaporated in vacuo to dryness .  Traces  of water were removed by azeotropic distil lation with pyridine. 
The residue,  being 3-O-carbamoyl-c~-methyl -D-xylopyranos ide  (XII), was dissolved in 10 ml of pyridine,  
10 mmoles of C6HsCOC1 was added, and the mixture was allowed to stand at room tempera ture  for 4 h. 

The reaction mixture was diluted with 100ml of CHC13, washed in success ion with water  (30 ml), sat-  
uratedNaHCO 3 solution (3 • 30 ml), H20 (3 • 30 ml), and evaporated in vacuo to dryness .  The res idue was r e e r y s t a l -  
l ized from toluene. The yield of (XI) was 0.62 g [57%, when based on (X)] i mp 194-196 ~ After recrys ta l l iza t ion  
f rom CH3OH , m p  196.5-197~ [ ~ ] ~ - 2 4  ~ (0.83; CHCI3). 

The IR spec t ra  of the (IX) compounds, obtained by the two methods, were identical,  and the mixed 
melting point was not depressed.  The compounds are chromatographical ly  homogeneous (TLC on sil ica 
gel in sys tems  A and B, and on A1203 in system A). 

C O N C L U S I O N S  

1. The bieycl ic  and t r icyel ic  orthobenzoates of c~-D-xylopyranose were  obtained. 

2. A study was made of the behavior of the t r icycl ic  or thoes te rs  of ~-D-xylopyranose  under the con- 
ditions of the or thoes ter  method for  the synthesis of glycosides.  

1. 
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