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The methods for the synthesis  of glycosyl  phosphates,  based on nucleophilic substitution at C-1 in 
the glYCosyl halides or aceta tes  [1, 2], a r e  unsuitable for  the prepara t ion  of 1 ,2-c is -g lycosyl  phosphates 
with the OH group at C-2 in the axial posit ion.  At the same t ime,  the chemical  synthesis  o f /~ -L- rhamno-  
pyranosyl  phosphate (IV) is a key step for the prepara t ion  of e i ther  thymidine or  uridine diphosphate r h a m -  
nose ,  of the natural  nucleoside diphosphate sugars  that take par t  in the biosynthesis  of a number  of ca rbo-  
hydra te-conta in ing biopolymers  [3, 4]. A new approach to the synthesis  of glycosyl phosphates was p ro -  
posed recen t ly ,  which proves  to be suitable for  solving this problem [5, 6]. This approach is based on the 
use of o-phenylene chlorophosphate to phosphorylate  the polyacetal  hydroxyl group, with a retent ion of the 
configuration at C-1 in the par t ia l ly  acetyla ted monosacchar ide .  Since we were  in teres ted in the synthesis  
of f l 'L - rhamnopyranosy l  phosphate,  we made a detailed study of this synthesis  method af te r  the appearance 
of communication [5], in which connection special  attention was given to increasing the yield of the de-  
s [ red  product  and adapting the p rocedu re  for running the synthesis  on a microsca le .  The synthesis  scheme 
employed by us is given below: 
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The s ta r t ing  2 ,3 ,4 - t r i -O-ace ty l - f l -L - rhanmopyranose  (ID was obtained by the F ischer  method [7] 
by the hydrolys is  of 2 ,3 ,4 - t r i -O-ace ty l -c~-L- rhamnopyranosy l  bromide (D in the p re sence  of Ag2CO 3. In 
cont ras t  to the data given in [6], the pure  2 ,3 ,4 - t r i -O-ace ty l -L - rhamnopyranose /~ -anomer  (II) was iso-  
lated in the crys ta l l ine  state.  

The phosphorylat ion of (H) by t r ea tmen t  with o-phenylene chlorophosphate in the p resence  of col -  
l idine under the conditions given in [5] gave unsat is fac tory  resul ts  when the synthesis  was run on a m i c r o -  
scale :  product  (III) was isolated in only 10% yield. In view of this a more  detailed study was made of 
the effect  of the react ion conditions on the yield of (III). It was found that in o rder  to obtain high yields 
of (HI) it is n e c e s s a r y  to use a substantial  excess  of the phosphorylat ing agent; the r e v e r s e  o rder  of mixing 
the reac tan ts  is also essent ia l ,  i .e. (ID is added to a mixture  of o-phenylene chlorophosphate and 2,6-  
tutidine. Based on the TLC data,  the s ta r t ing  compound disappears  under these  conditions and is con- 
ve r t ed  to product  (IID. The la t te r  was isolated in 70% yield by chromatographing o n  S i O  2. This compound, 
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Fig. i. Optical rotat ion d i s p e r -  
sion curves  of a -  and ~-L- 
rhamnopyranosyl  phosphates 
(50 t t m o l e s / m l ,  water) :  I) ~-  
anomer;  2) a - a n o m e r .  

which is homogeneous when based on the data of TLC on SiO 2 and paper  e l ec t rophores i s ,*  had a LW spec-  
t r um (kma x 273 and 233 rim, e273 2880, e233 450; Xmi n 240 nm, emi n 240) that is cha rac t e r i s t i c  for  o-  
hydroxyphenyl alkyl phosphates [8]. The acid hydrolys  is of (II1) led to the detection of o-hydroxyphenyl  phos-  
phate as the sole phosphorus-containing compound. 

The next  step of the p rocess  also requ i red  substantial  modification. The cleavage of the protec t ive  
group f rom the phosphate moiety by t r ea tmen t  with bromine  water ,  as descr ibed  in [5, 6], proved to be 
comple te ly  unsat is fac tory  in the mic rosca l e  synthesis .  We were  able to detect  phosphate (IV) only as 
t r a c e s .  Much bet te r  resu l t s  a re  obtained using Pb(OCOCH3)4, which was used prev ious ly  to obtain alkyl 
and allyl phosphates [8], polyisoprenol  phosphates [9], and the phosphatidic acid [10]. After oxidizing the 
o-hydroxyphenyl  e s t e r  (liD, and removal  of the pro tec t ive  groups f rom the react ion product  by t r ea tmen t  
with 1 N LiOH solution, we detected f i -L- rhamnopyranosy l  phosphate (IV) as the main component of the 
react ion mixture ,  the purif icat ion of which was effected by ion-exchange chromatography on the anionite 
Dowex AG-1X8 (HCOy), with elution using a l inear  gradient  of t r ie thy lammonium bicarbonate  (TEAB) 
solution ranging f rom 0 to 0.3 M. The product  was isolated in 57~/0 yield when based on (ID. t When the 
values of the optical rotat ion in the f rac t ions  were  measured  it was found that the molecular  rotat ion of 
the product ,  eluted f rom the column, remains  constant on all sect ions of the peak within the l imi ts  of 
measu remen t  e r r o r .  

The obtained (IV) is homogeneous when based on the chromatography and paper  e lec t rophores i s  data,  
in which connection in the chromatographic  sys tem,  which effects  a separat ion of the a -  and/3-anomers  of 
rhamnopyranosyl  phosphate [11], its mobil i ty coincides with that desc r ibed  for the ~ -anomer .  The ac id-  
labi le  phosphorus : total phosphorus : rhamnose  : reducing sugar  ra t io  = 1 : 1.02 : 1.03 : 0.99. The conf igura-  
tion of the glycoside linkage in (IV) was conf i rmed by the NMR spec t rum:  the proton at C-1 gives a signal 
as a quadruplet  (J1,2 = 1.0 Hz, J1, P = 10 Hz) at 5 4.90 ppm, whereas  in the authentic sample of a - L -  
rhamnopyranosyl  phosphate,  obtained as desc r ibed  in [12], the signal is observed at 5.08 ppm (J1,2 = 1.5 
Hz, J1, P = 10 Hz). The protons of the CH 3 group,  both of the a -  and the ~ - an o m er s ,  give dist inct  doublets 
at  6 1.17 ppm (J5,6 = 6.0 Hz) in the NMR spec t rum.  The optical rotat ion d ispers ion  curves  of (IV) and a -  
L - rhamnopyranosy l  phosphate (Fig. 1) also have cha rac t e r i s t i c  d i f fe rences ,  l ike, for example,  the a -  and 
f l -glucopyranosyl  phosphates [13]. 

The p resen ted  data do not leave any doubt as to the validity of the (IV) s t ruc tu re .  The NMR spec t ra  
and the analyt ical  data obtained by us for glycosyl  phosphate (IV) prac t ica l ly  coincide with the data given 
in [6]. At the same t ime,  our compound has a not iceably higher posi t ive rotat ion ([M]~ +80 ~ than the p r e -  
viously descr ibed  compound ([M]D +56 ~ [6]). This is possibly due to the fact  that the la t te r  was contami-  
nated with the a - a n o m e r  of the glycosyl phosphate,  s ince it was obtained f rom the s i rupy,  and not  f rom 
the c rys ta l l ine  2 , 3 , 4 - t r i - O - a c e t y l - L - r h a m n o p y r a n o s e .  

E X P E R I M E N T A L  M E T H O D  

For  the chromatography  and the paper  (FN 11) e l ec t rophores i s ,  and also for the TLCon SiO 2 (KSK 
grade)  we used the following solvent  sys t ems :  A) m e t h a n o l - H C O O H - w a t e r  (80 :15 :5 ) ;  B) ch lo roform 
- m e t h a n o l  (9:1);  C) 0.05 M t r ie thy lammonium bicarbonate  (TEAB) solution, pH 7.5. The sugar and 

* The e lec t rophore t i c  mobil i ty of (IID cor responds  to the mobili ty of the d i e s t e r s  of phosphoric  acid. 
Sin o rde r  to obtain a high yield of (IV) it is important  to thoroughly wash the prec ip i ta tes  of bas ic  lead 
sal ts  that is formed in the alkaline t r ea tmen t  of the react ion mixture .  
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phosphorus -con ta in ing  de r iva t ives  were  detected on the paper  c h r o m a t o g r a m s  and e l e c t r o p h o r e g r a m s  by, 
r e spec t ive ly ,  sp ray ing  with alkal ine AgNO 3 solution [14] and H a i n e s - I s h e r w o o d  reagent  [15]. In the case  
of TLC the compound was detected with 50% H2SO 4 solution by heating. 

The pape r  e l ec t ropho re s i s  was run using a PVEF-1 ins t rument  and a voltage g rad ien t  of 31 V / c m .  
The solvents  were  evapora ted  in vacuo below 37 ~ The NMR spec t r a  were  taken at 60 MHz on a Varian 
DA-60-IL ins t rument ,  in CDC13 re la t ive  to TMS, or in D20 re la t ive  to dioxane (5 3.62 ppm) in the case  
of  the g lycosyl  phosphates .  The optical  rotat ion was measu red  on a P e r k i n - E l m e r  Model 141 ins t rument .  

The quantitat ive de te rmina t ion  of the reducing sugar  a f te r  hydro lys i s  (15 rain, 100 ~ 0.05 M HC1 so -  
lution) was run as desc r ibed  in [16], while the rhamnose  was de te rmined  by the Dishe method [17]. 

The ac id- lab i le  phosphate  was de t e rmined  as desc r ibed  in [18]. The total  phosphorus was d e t e r -  
mined in a s i m i l a r  manner  a f t e r  p r i o r  combust ion of the sample .  Fo r  the combust ion a mix ture  of the 
analyzed solution and 1.2 ml of 2 N H2SO 4 solution was heated at 200 ~ for 1 h, followed by the addition of 
s e v e r a l  drops  of H202 until co lo r l e s s ,  and the mix tu re  was heated again at  200 ~ for 1 h. To the cooled mix -  
tu re  we re  added 0.6 ml of the reagent  for  de te rmin ing  phosphate [18] and water  up to 5 ml,  and the phos -  
phate  was de te rmined  the s a m e  as in the case  of the ac id- lab i le  phosphate .  

2 , 3 , 4 - T r i - O - a c e t y l - / ~ - L - r h a m n o p y r a n o s e  (II). To 15 g of 2 , 3 , 4 - t r i - O - a c e t y l - ~ - L - r h a m n o p y r a n o s y l  
b romide  (I) [7], d isso lved  at 0 ~ in 80 ml of acetone  plus 2.08 ml of wate r ,  was  added 12 g of f resh ly  p r e -  
p a r e d  anhydrousAg2CO 3 and the mix ture  was s t i r r e d  for  30 rain, a f te r  which the p rec ip i ta te  was washed 
with chilled acetone  (0~ The mothe r  l iquor and r inse  solution were  combined and evapora ted  to a s i rup ,  
which was dried using the vacuum of an oil pump, Crys ta l l ine  (II) was obtained by dissolving the s i rup  in 
e ther  and then g radua l ly  adding heptane under cooling. The pure  ~ - a n o m e r  was isolated by f ract ional  
r e c ry s t a l l i z a t i en  f rom e ther  to give 8 g (67% yield) of product ,  mp 98-100 ~ [~]~) +31 ~ (C 1.0; absolute 

10 days 
alcohol) , - 1 8 ~  Rf  0.61 (TLC,  s y s t e m  B). F r o m  [7]: mp 96-98 ~ [~]D +28~ (alcohol). 

2 , 3 , 4 - T r i - O - a c e t y l - ~ - L - r h a m n o p y r a n o s y l  o-Hydroxyphenyl  Phosphate  (III). To a solution of 286 
mg of o-phenylene  chlorophosphate  [8] in 5 ml of absolute THF was added 0.23 ml of 2,6-1utidine, the 
mix tu re  was cooled to 0 ~ and, with s t i r r i ng ,  a solution of 145 mg of (II) in 4 ml of THF was added in drops .  
After  s t i r r i ng  at 20 ~ for  25 rain the p rec ip i t a t e  was sepa ra t ed  by centr ifuging,  washed (4 x 1 ml) with ab -  
solute  THF,  and to the obtained solution were  added 0.28 ml of 2,6-1utidine and 12 ml of THF containing 
75 pl of wate r .  After  s t i r r i n g  at  20 ~ for  30 rain the reac t ion  mix tu re  was evapora ted ,  and the res idue  was 
dr ied  in vacuo,  d isso lved  in the min imum amouat  of THF, and t r a n s f e r r e d  as a mixture  with SiO 2 to a 
column (1.8 • 17 cm) containing SiO 2. The compounds were  eluted f r o m  the column with CHC13 (100 ml) 
( t races  of unreac ted  (II) a r e  eluted here) ,  and then with a CHC13-methanol  mix ture  (9 : 1, 150 ml). The 
f rac t ions  (15 ml each) were  analyzed by TLC in s y s t e m  B, and a lso  by pape r  e l ec t rophores i s  in s y s t e m  C. 

�9 The f rac t ions  that  contained (III) we re  evapora ted  to d ryness  and dr ied  in vacuo. We obtained 200 mg (70%) 
of (III) as an amorphous  hygroscop ic  powder ,  [~]~ +1.3 ~ (C 1.34; THF).  In o rde r  to obtain its UV s p e c -  
t r um,  (III) was conver ted  to the K sa l t  by pass ing  a methanol  solution through a column (1.5 • 10 cm) con-  
taining Dowex 50 (K + form);  the compound was obtained as fine c r y s t a l s  that del iquesce in the a i r .  ~.max 
273 and 233 rim, ~273 2880, ~233 450; ~-min 240 rim, emin 250; Rf  0.21 (TLC, s y s t e m  B). M 2 0.61" (e lec-  
t r o p h o r e s i s ,  s y s t e m  C). 

B-L-Rhar rmopyranosy l  Phosphate  (IV). To a solution of 158 mg of o-phenylene chlorophosphate  in 4 
ml of absolute  p-d ioxane  was added 130 pl of 2,6-1utidine. The solution was cooled s t rong ly  and 70 mg of 
(II) was added. Then the t e m p e r a t u r e  was r a i s ed  gradual ly  up to 20 ~ in 20 rain and the solution was s t i r r e d  
v igorous ly  for 45 rain, a f t e r  which the p rec ip i t a te  was sepa ra t ed  by centr ifuging and washed with dioxane 
(3 • 2 ml). To the superna tan t  l iquor  were  added 160 pl of 2,6-1utidine and 10/~1 of wate r .  After  s t i r r ing  
at  20 ~ for  30 rain the sma l l  amount  of p rec ip i ta te  was f i l tered,  the f i l t ra te  was evapora ted  in vacuo to a 
s i rup ,  and then 10 ml of dioxane was added. The insoluble res idue  was f i l te red,  washed with dioxane, the 
f i l t ra te  was evapora ted ,  and the res idua l  s i rup  was dr ied  by azeo t rop ic  dist i l lat ion with benzene (10 x 1 
ml),  and then evacuated for  s e v e r a l  hours  using an oil pump. The obtained d ry  res idue  was d isso lved  in 4 
ml of absolute  dioxane,  the solution was cooled s t rongly ,  and 250 mg of Pb(OCOCH3) 4 was added. After  
v igorous  s t i r r i n g  of the mix ture  at 20 ~ for  30 rain the solution was added in drops ,  at  0 ~ to 10 ml of i N 
LiOH solution,  and the mixture  was s t i r r e d  for 14 h at 20 ~ The pH of the solution was adjusted to ~3 by 
the gradual  addition of the cat ioni te  Dowex 50 (H + form) at  0% the p rec ip i ta te  and cationite were  sepa ra ted  
by centrifuging,  the superna tan t  l iquor was quickly neu t ra l i zed  to pH 7 with 1 N LiOH solution,  while 20 

*The mobil i ty  is e x p r e s s e d  re la t ive  t o  ~ - D - g l u c o p y r a n o s y l  phosphate.  
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ml of chilled water was added to the precipitate,  and the treatment with the cationite was repeated. After 
a sevenfold t reatment  of the precipitate the combined supernatant liquors were diluted with water to 300 
ml and t ransfer red  to a column (1.7 • 18 cm) containing Dowex AG-IX8 (HCO 3- form}. The column was 
washed with water (100 roD, and then with a l inear gradient of TEAB solution ranging from 0 to 0.3 M (300 
ml each). The acid-labile phosphorus and the optical rotation values were determined in the fractions (9 
ml). The fractions, containing phosphate (IV) (eluted with 0.18 M TEAB solution} were combined, evap- 
orated to dryness,  and water (5 • 3 ml) was distilled from the residue in order  to remove the TEAB~ The 
yield of (IV) was 137 t~moles (57%), [M]~ +80 ~ (water). M 1 0.73* (system A), M 2 i . 0 f  (buffer C). NMR 
spectrum (6, ppm): 4.90 q (1H), J1,2 = 1.0 Hz, J1, P = 10 Hz; 1.17 d (3H), J5,6 = 6 Hz. 

C O N C L U S I O N S  

A modified synthesis of ~-L-rhamnopyranosyl  phosphate was proposed, which makes it possible to 
obtain high yields of the product and is suitable for microscale operation. 
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