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The polysacchar ide  chain of the O-antigens of gram-negat ive  bac te r ia  contains L -g iy ce ro -D -manno-  
heptoso 4-phosphate,  the s t ruc tu re  of which was recent ly  proved by a s e r i e s  of chemical  t ransformat ions  
d i rec t ly  on the polysacchar ide  chain [1]. The heptoso phosphate was isolated in the f ree  fo rm only in 
chromatographic  amounts and its p roper t i e s  were  not descr ibed  [2]. As a continuation of studying the 
synthetic use of the isopropylidene der ivat ives  of heptose [3], in the p resen t  paper  we studied the acetona-  
tion o f /~ -benzy l -D-g lycero-L-mauno-hep topyranos ide  (II) and, on the basis  of the obtained data, synthe-  
s ized D-g lyc e r o -L -manao -hep to so  4-phosphate (X), an enant iomer  of the natural  heptoso phosphate. 

The s ta r t ing  D-g lyce ro -L-manno-hep tose  (I) was obtained by the ui t romethane method for D-galac-  
tose [4]. The c rys ta l l ine  heptoside (H} was obtained f rom heptose (I) and benzyl  alcohol by the F i sche r  
method in 42% yield,  the p re sence  of a benzyl  group in which was conf i rmed by the charac te r i s t i c  absorp-  
tion maximum at 258.5 nm [5], while the E-configuration of the glycoside linkage was proved by the shape 
of the ORD (optical ro ta t ion dispersion)  curve  [6]. 

The acetonation of benzylheptoside (II) in the p resence  of anhydrous CuSO 4 leads mainly to 2,3 : 6,7- 
d i -O- isopropyl idene- /~-benzyl -D-glycero-L-manno-heptopyranos ide  (IIIa), along with the formation of a 
smal l  amount of the 2,3 : 4 ,7-di -O-isopropyl idene  der ivat ive  (IVa). Information on the s t ruc tu re  of both 
acetonides was obtained f rom the mass  spec t ra  and analysis  of the methylat ion products .  The f ragmenta-  
tion of (HIa) and (IVa) is typical  for  the isopropylidene der ivat ives  of sugars  [7]: together  with the M + ion 
with m / e  380 a re  p resen t  ions with m / e  365 (M-CH3}, 289 (M-PhCH2), 273 (M-PhCH20), and a se r i e s  of 
ions that a re  formed by the cleavage of (CH~)2CO, CH3COOH, CH2=C=O , and H20 molecules  f rom the 
p r i m a r y  f ragments .  

The methylat ion of (IIIa) gave methyl  e ther  (IIIb}, the removal  of the benzyl  group in which by re f lux-  
lug with Raney Ni in alcohol leads to the d i -O- i sopropyl idene-4-O-methy l -hep topyranose  (HIc) in high yield.  
The acid hydrolysis  of the (IIIc} der ivat ive ,  and subsequent reduction with KBH 4 and t r i f luoroacetylat ion,  
gives the hexa-O- t r i f luoroace ty l (TFA}-4-O-methyl -hep t i to l  (VD, the s t ruc tu re  of which unequivocally fol-  
lows f rom its mass  spec t rum.  Only the s t ruc tu re  of (IVa) cor responds  to the s t ruc tu re  of hexa -O-TFA-6-  
O-methyl-hept i to l  (VII), which was obtained by a s imi l a r  scheme f rom the minor  acetonide of (IVa), and 
also using NaBD4, and which was identified by the mass  spec t rum.  Additional data also speak in support  
of this s t ruc tu re .  The mass  spec t rum of the diacetonemethylheptopyranose (IVc}, which is formed by 
the debenzylation of (IVb), d i f fers  f rom the mass  spec t rum of (IIIc) and, in par t icu lar ,  the re la t ive  inten- 

si ty of the ion with m / e  101 [OCH2CHOC(Me) +] is only one half. The monomethyl-heptose  obtained by the 

PhcH~oH 

OH 

CH2OH (I) CH2OH (ll) 

N. D. ZeUnskii Institute of Organic Chemist ry ,  Academy of Sciences of the USSR, Moscow. T r a n s -  
lated f rom Izvest iya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 6, pp. 1406-1411, June, 1975. Orig- 
inal a r t i c l e  submitted September  23, 1974. 

I �9 
stored in a retrieval system, or transmitted, in any Corm or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of the publisher..4 copy of this article is available from the publisher for $15.00. 

1298 



0 + 

(111) R= PhCHa; RI=H (a) (IV) R= PhCH~; RI=H {a) 
R = PhCH6 R I = Me (b) R = PhCH2; R ~ - Me (b). 
R=H; RI=Me (c) R=H; RT=Me (c) 

(IIIc) H+ ~ OR 
oH . . . .  !L3 

CH20 H ~ - O R  
(v) CH~OR 

(vi) 

R = CFaCO 

,H~OH CH20H 
/ 

131 
175 ~ (IVc) --~ RO" 

. . . . . .  r3r ~(/~o_41 .~_ 
HO----=5~-r0~ .~ ~oM0 ~7, :-oM~ 

CH20 OCH.2 CHIOI~ 
(VIIIb) (Villa) (Vll) R= CF3CO 

HDOR 

--OR 

--OR 

acid hydro lys i s  of (Vie) gives a color  with t r ipheny l te t razo le ,  which is not c h a r a c t e r i s t i c  for  2 - O - s u b s t i -  
tuted a ldoses .  The peaks  of the ions with m / e  101 and 75, which a r e  c h a r a c t e r i s t i c  for  the s t r u c t u r e  of 
d i - O - i s o p r o p y l i d e n e - 2 - O - m e t h y l - h e p t i t o l  (VIIIb), a r e  absen t  in the m a s s  s p e c t r u m  of the borohydr ide  r e -  
duct-ion product  (VIc), while the ions with m / e  275, 175, and 131, which a r e  c h a r a c t e r i s t i c  for  both hept i -  
tols  (VIIIa) and (VIIlb), a r e  p r e s e n t  in the s p e c t r u m  

OCs~-~it:P h H + ~ O ~ H  0 ~OI'l,'O------( ~tt O 1 ~ [  OH O 'O --~(\:112(2"I{I~ - -  (PhO)~POCIp~______~ Q[] ~ 2,1" H~//Pt O[i Oi "" + O[ / \'ll;' (HI;I) 
(phO)2P~ N [ ' ~  0 (HO)2P H 01[ (HO}2P 

t CH20 CH~OH CH2OH 
(ix) iX) (Xl) 

Acetonide (IIIa) was phosphory la ted  us ing  diphenyl chlorophosphate ,*  as a r e su l t  of which the dipheuyt 
4 -O-phospha te  (IX) was obtained in high yield,  the s t r u c t u r e  of which was proved  by the NMR and m a s s  
s p e c t r a l  data.  The NMR s p e c t r u m  of diphenyl phosphate (IX) has the s ignals  of the protons  of four CH 3 
groups ,  which c o r r e s p o n d  to two i sopropyl idene  moie t i e s ,  and of three  pheayt  r ings ,  which c o r r e s p o n d  to 
the benzyl  and two phenyl groups.  The m a s s  s p e c t r u m  of (IX) has c h a r a c t e r i s t i c  ions with m / e  612 (M+), 
597 (M-CH3), 539 (597 -(CH3)2CO) , 521 (M-C6H5CH2) , 505 (M-C6HhCH2OH), 463 (521 -(CH3)2CO) , 251 
[(C6H50)2P(OH)+], 233 [(C6HhO)2P=O+], and a lso  a number  of r e a r r a n g e d  f ragments  that contain phos -  
phorus .  

Next we a t t empted  to succes s ive ly  r e m o v e  the p ro tec t ive  groups f r o m  diphenyl phosphate (IX). Un- 
expectedly,  i t  p roved  that the benzyl  group in (IX) is s table  under  hydrogenolys is  conditions on Pd /C,  while 
the compound is i r r e v e r s i b l y  adsorbed  on the ca t a lys t  when it  is ref luxed in alcohol with Raney Ni. Con- 
sequently,  we ran  the hydrogenolys is  of (IX) on Adams ca ta lys t ,  although a p r io r i  it could be  expected that 
the r e m o v a l  of the benzyl  group will be incomple te  due to hydrogenat ion of the a r o m a t i c  r ing [9]. Actually,  
based  on the p a p e r  ch roma tog raphy  data,  the hydrogenat ion of diphenyl phosphate (IX) over  Pt and s u b s e -  
quent r e m o v a l  of the i sopropyl idene  groups gives two compounds in the hydrogenolys is  products ,  which a r e  

* Init ially acetonide (IIIa) was phosphoryla ted  using o-phenylene chlorophosphate ,  but the subsequent  r e -  
moval  of the o-phenylene protec t ion  as desc r ibed  in [8] gave a complex  mix tu re  of phosphorus-conta in ing  
products  in the given case .  
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easi ly separa ted  by fract ionation on a cellulose column and were isolated in respect ive  yields of 39 and 59%. 
The less mobile substance is heptoso phosphate (X), since during detection on paper it reac ts  both as a r e -  
ducing sugar  and as a phosphate, while during e lec t rophores is  it behaves like a monosubstituted sugar  
phosphate. The more  mobile compound (XI) proved to be a nonreducing phosphate-containing sugar ,  which 
on acid hydrolysis  under  the conditions for  the cleavage of glycoside linkages [10] was converted to heptoso 
phosphate (X), and failed to display the maximum charac te r i s t i c  for  benzyl  groups in the UV spectrum.  
F r o m  the presented data it follows that (XI) is the cyclohexylmethylheptoside,  which is formed by the 
hydrogenation of the a romat ic  r ing of the benzyl  group in derivative (IX). When the cyclohexylammonium 
(CHA) salts of both phosphates were p repared  we isolated the monosubsti tuted CHA salts as amorphous 
powders,  although usually sugar  phosphates form the disubstituted CHA salts .  To prove the position of 
the phosphate group in heptoside (XI) we oxidized its CHA salt  with Pb(OCOCH3) 4 [11]. Two equivalents of 
oxidizing agent are  absorbed during oxidation and 0.9 mole of CH20 is l iberated,  which was identified as 
the dimedon derivative.  These resul ts  indicate that the phosphate is attached at C4 in (XI). But since 
heptoside (XI) on hydrolys is  is converted to heptoso phosphate (X), then the position of the phosphate group 
in the la t ter  may be considered proved. 

EXPERIMENTAL METHOD 

The chromatography on FN ii paper (PC) was run by the ascending method in the system: butanol 

-alcohol-water, 3 : 2 : 2 (A). To detect the reducing sugars on the paper we used aniline acid phthalate, 

for  the nonspeeific detection we used AgNO 3 and alkali, while the sugar  phosphates were detected using the 
molybdenum reagent  for phosphorus [12]. The Rheptos e values are  given relative to D - g l y c e r o - L - m a n n o -  
heptose. The TLC was run on plates covered with a loose layer  of SiO 2 in the following sys tem:  aqueous 
butanol -e thy l  acetate ,  6 : 4 (B), and ch lo ro fo rm-methano l ,  97 : 3 (C), 99 : 1 (D), and 95 : 5 (E). The com-  
pounds were detected on the plates using conc. H2SO 4. The chromatographic  separat ion of the compounds 
o n  S iO 2 columns was run in CHCI 3. The e lec t rophores is  was run on FN 11 paper in 0.25 M t r ie thylammo-  
nium carbonate buffer  solution at a potential gradient  of 15 V/cm.  The GLC analysis  was run on a Pye 
Argon chromatograph ins t rument ,  equipped with a fi-ionization detector,  on 120 x 4 mm glass columns that 
were packed with 5 and 10% SE-30 deposited on si lanized Chromosorb  W (60-80 mesh) (respectively 
columns A and B), at  an argon flow rate  of 60 ml /min .  The NMR spec t rum was taken on a Varian DA-60- 
IL ins t rument  in CCI 4 relat ive to HMDS (5 scale),  while the mass  spect ra  were taken on a Varian CH-6 
ins t rument  at an ionizing voltage of 70 eV. The specific rotations were determined on a model 141 Perkin 
- E l m e r  po la r imete r ;  the melting points were taken on a Kofler microblock.  The solvents were evapo- 
ra ted in vacuo at 40-50 ~ 

/~-Benzyl -D-glycero-L-manno-heptopyranos ide  (II). A mixture of 5 g of D-g lyce ro -L-manno-hep tose  
(I) (mp 78-80 ~ [~ ]~  -14 .5  ~ (C 2, water)) and 90 ml of C6HsCH2OH, which contained 3T0 of HCI, was s t i r red  
at 60 ~ until solution was complete.  After  24 h at 20 ~ the mixture was neutral ized with Dowex anionite (CO 2-) 
and evaporated in vacuo. We obtained ~7 g of a syrup that, based on the TLC data, contained mainly a sub- 
stance with Rf 0.57 (B) and a number of secondary  products .  To remove any possible furanosides the mix-  
ture was hydrolyzed with 75 ml of 0.2 N H2SO 4 solution in 75 ml of MeOH (100% 1 h). Heptose (I) with Rf 
0.27 (]3) was detected in the hydrolyzate .  The syrup obtained after  neutral ization was chromatographed on 
a column containing 250 g of SiO2, with elution using a gradient  mixture of ethyl ace ta te -aqueous  butanol, 
and here  syrupy (II) was isolated,  which was rec rys ta l l i zed  f rom a 5 : 3 absolute a lcohol -e thy l  acetate 
mixture.  We obtained 2.98 g (41.7%) of (H), mp 129-131~ [c~]~ -93~ [~]~78 -97.3~ [c~]546 -110~ [~]436 
-185.5~ [~]365 -288~ (C, 1.93, CH3OH). Based on the PC (Rf 0.76, Rheptos e 2, A) and GLC (as the t r i -  
methylsi lyl  derivative,  column A, 210 ~ retention t ime 5.9 min) data the substance is homogeneous; UV 
spec t rum of (II) (in 95% alcohol): kma x 258.5 nm. Found: C 55.98; H 6.69%. C14H2007. Calculated: 
C 56.01; H 6.71%. 

Acetonation o f /3 -Benzy l -D-g lycero-L-manno-hep topyranos ide  (II). To a suspension of 1.88 g of (II) 
in 75 ml of absolute acetone were added 10 g of anhydrous CuSO 4 and 2-3 drops of CH3CHO. The mixture 
was s t i r red  for  60 h, the precipi ta te  was fi l tered and washed with acetone,  and the combined fi l trate was 
passed through a bed of f i l ter  cel and evaporated.  We obtained 2.4 g of a syrup,  which contained a main 
component with Rf 0.6 and a minor  component with Rf 0.7 (TLC, two uasses  in sys tem C). The mixture 
was separa ted  by prepara t ive  TLC on 20 plates (18 x 24 cm) (two passes  in the system: CHCI3-MeOH, 
98 : 2). We isolated 1.71 g (72%) of (IHa) and 220 mg (9.2%) of (IVa). 2,3 : 6 .7-Di-O-isopropyl idene-f i -  
benzy l -D-g lyce ro -L-manno-hep topyranos ide  (IIIa) has mp 86-88 ~ (heptane), [o~]~ -31  ~ (C 2, CHCI3). 
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Found: C 63.21; H 7.50%. C20H2807. Calcula ted:  C 63.14; H 7.42%. 2 , 3 : 4 , 7 - D i - O - i s o p r o p y l i d e n e - f i -  
b e n z y l - D - g l y c e r o - L - m a n n o - h e p t o p y r a n o s i d e  (IVa) has mp 97-98 ~ (hexane-CCl4),  [c~]5 -35"5~ (C 2.1, 
CHCI3). Found: C 63.08; H 7.38%. C20H2~O7. Calculated: C 63.14; H 7.42%. 

Establishing the Structure of Aeetonides (Ilia) and (IVa). A stirred mixture of 40 mg of (IIIa), 4 ml 

of CH3I, and 200 mg of Ag20 was heated at 40-50 ~ for 4 h, the Ag salt was filtered and washed with CHCI 3, 

and the filtrate was evaporated. The residue was chromatographed on an SiO 2 column. We isolated 23 
mg of (IIIb), [~ ]~ -38.2 ~ (C 1.53, CHCI3); based on the TLC (Rf 0.5, D) and GLC (column B, 209 ~ reten- 
tion time 6.7 rain) data the substance is homogeneous. Mass spectrum (m/e): 394 (M+), 379 (M-CH3), 
303 (M-C6HsCH2), 287 (M-C6H~CH20) , and a series of derivative ions. A stirred mixture of 21 mg of 
(IIIb) and 7 ml of alcohol was refluxed with Raney Ni; based on the TLC data, the starting substance dis- 
appeared after 3 h and a substance with Rf 0.15 (D) appeared. The mixture was filtered through a bed of 
filter col and evaporated. The residue was chromatographed on an SiO 2 column. We isolated 16.5 mg of 
a syrup (IIIc), [a]~ -8.5 ~ (C 1.07, CHCI3). Mass spectrum (m/e): 304 (M+), 289 (M-CH3), 231 [289 
-(CH3)2CO], 171 (231 -(CH3COOH ). To a solution of 14 mg of (IIIc) in 1 ml of glacial CHaCOOH was added 
0.5 ml of water. The mixture was heated at I00 ~ for i h, cooled, and lyophilized. We obtained 9 mg of 

a chromatographically homogeneous substance (V) (Pc, Rheptos e 1.46, A), [c~]~ -20.3 ~ (C 0.69~ MeOH). 
The reduction of 9 mg of (V) with KBH 4 was run in methanol (20 ~ 24 h). After the usual workup we ob- 

tained 9 mg of the 4-O-methyl-heptitol, [~]~ -7.2 ~ (C 0.69, MeOH), Rheotos e 1.3 (PC, A), which was 
aeylated with 0.3 ml of (CF3CO)20 in the presence of 1-2 mg of CF3COONa (60-65 ~ 1 h). The mixture was 
evaporated and extracted twice with absolute benzene. Evaporation gave the trifluoroacetate (VI)~ Mass 

spectrum (m/e): 783 (M-F), 733 (M-CF3) , 689 (M-CF3COO) , 423 (CI-C 4 and C4-C 7 fragments), and 
secondary fragments that are formed from the primary fragTnents by the cleavage of CF3COOH. 

The methylation of 75 mg of (IVa) with 5 ml of CH3I was run in the presence of 400 mg of Ag20 for 
5 h, after which an additional 5 ml of CH31 and 400 mg of Ag20 were added, and after 4 h the Ag salt was 
filtered and washed with CHCI3, while the combined filtrate was evaporated. We obtained 77.5 mg of (IVb), 
mp 83-85 ~ (petroleum ether), [a]~ -35.3 ~ (C 4, CHCI3). Based on the TLC (Rf 0.8, C) and GLC (column 
B, 209 ~ retention time 8.1 min) data the substance is homogeneous. Mass spectrum (m/e): 394 (M+), 379 
(M-CH3), 303 (M-C6H5CH2), 287 (M-C6HsCH20). A stirred mixture of 71 mg of (IVb) and Raney Ni in 20 
ml of alcohol was refluxed for 3-4 h, after which the mixture was filtered through a bed of filter eel and 
evaporated. The residue was ehromatographed on an SiO 2 column. We isolated 54.8 mg of (IVe) as a 

syrup, [~]~ +10.6 ~ (C 2.74, CHCI3) , Rf 0.4 (TLC, C). The reduction of 20 mg of (IVc) with KBH 4 was run 
in alcohol (27 ~ 15 h). The mixture was evaporated, the residue was extracted with CHCI3, and the extract 
was evaporated. The residue was chromatographed on an SiO 2 column. We isolated 18.9 mg of 2,3 : 4,7-di- 
O-isopropylidene-6-O-methyl-heptitol (VIIIa) as a syrup, [~ ]~ -55.5 ~ (C 1.45, CHCI3) , Rf 0.38 (TLC, D). 
Mass spectrum (m/e): 291 (M-CH3) , 275, 175, 131, and a series of derivative ions. To a solution of 18 
mg of the obtained heptitol in 3 ml of MeOH was added 3 ml of 2 N HCI solution and the mixture was re- 
fluxed for 2 h. After cooling, the mixture was neutralized with Dowex anionite (CO 2-) and evaporated. 
We obtained 13.4 mg of the 6-O-methyl-heptitol ([o~]~ -1.5 ~ (C i, MeOH), Rheptos e 1.25, PC, A) as a 
syrup, the trifluoroacetylation of which gave hexatrifluoroaeetate (VII), whose mass spectrum has the 
peaks of the ions with (m/e): 783 (M-F), 689 (M-CF3COO), 675 (C2-C 7 fragment), 171 (CI-C 2 fragment), 
and secondary fragments that are formed from the primary fragments by the cleavage of CF~COOH and 
(CF3CO)20. 

Diphenyl 2,3 : 6 , 7 - D i - O - i s o p r o p y l i d e n e - f i - b e n z y l - D - g l y c e r o - L - m a n n o - h e p t o p y r a n o s i d e  4 -O-Phospha te  
(IX). To a solut ion of 1.28 g of (IIIa) in 30 ml  of py r id ine ,  d i s t i l l ed  over  Call2, was added 3.5 ml  of 
(C6H50)2POCl and the mix tu re  was kept  at  20 ~ for  48 h. Then the mix tu re  was cooled to 0 ~ and 4 ml of 
w a t e r  was added,  the pyr id ine  was r emoved  a f t e r  1 h with toluene in vaeuo below 30 ~ and the r e s idue  was 
d i s so lved  in 300 ml  of benzene and washed in s u c c e s s i o n  with cold wa te r ,  1% HC[ solut ion (3 • 70 ml),  27o 
NaHCO 3 solut ion (3 x 70 ml) ,  and cold wa te r  (2 x 50 mI), and d r i e d  over  MgSO 4. Af te r  evapora t ion  we ob-  
ta ined 1.55 g (75%) of (IX) as  a sy rup ,  [~ ]~  - 2 0 . 3  ~ (C 1.85, CHCI3) , Rf 0.4 (TLC, D). NMR spec t rum:  
th ree  s ing le t s  in the 1.18-1.4 ppm reg ion  (12 H, 2 C(CH3)2) , s ing le t  of H 1 (4.97 ppm), and 15 a r o m a t i c  
pro tons  in the 7.1-7.2 ppm region.  Found: C 62.69; H 5.91; P 4.91%. C32H37PO10. Calcula ted:  C 62.73; 
H 6.00; P 5.06%. 

Hydrogenolys i s  of Diphenyl Phosphate  (IX). A solut ion of 1.6 g of (IX) in 40 ml  of a lcohol  was 
hydrogena ted  over  600 mg of Adams c a t a l y s t  for  2 h, a f t e r  which an addi t ional  400 mg of c a t a l y s t  was 
added,  and the hydrogenat ion was continued for  another  12 h (based on the TLC data ,  the s t a r t i n g  subs tance  
d i s a p p e a r e d  comple te ly) .  Af t e r  s e p a r a t i n g  the c a t a l y s t  and evapora t ion  we obtained 1.1 g of a syrupy  p rod -  
uct  that  did not show an absorp t ion  max imum  in the 250-270 nm region.  
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Hydrolys i s  of Hydrogenolys is  Product  of Diphenyl Phosphate  (IX). To 500 ml  of a 1% aqueous 
CF3COOH solution was added a solution of 1.1 g of the hydrogenolys is  product  of (IX) in 40 ml  of MeOH and 
the mix tu re  was ref luxed for  45 min.  The hydrolyzate  was evapora ted  in vacuo and the res idue  was evapo-  
r a t ed  s e v e r a l  t imes  with toluene to r e m o v e  t r a ce s  of CF3COOH, a f t e r  which the res idue  was dissolved in a 
l i t t le  wa te r  and neut ra l ized  with NH4OH. Two phosphorus-conta in ing  subs tances  were  detected when the 
m a t e r i a l  was subjected to pape r  chromatography ,  the ammon ium sa l t  of (X) with Rf 0.25 (detected with 
anil ine acid phthalate) and the a m m o n i u m  sa l t  of (XI) with Rf  0.52 (A). The mix tu re  was f rac t ionated  on a 
cel lulose  column (40 • 4 cm) in the sys t em:  b u t a n o l - a l c o h o l - w a t e r ,  7 : 4 : 4. We isola ted  345 mg (38.5%) 
of the ammon ium  sa l t  of (X), [ ~ ] ~  - 2 2  ~ (C 3.51, water) ,  and 650 mg (59%) of the ammonium sa l t  of (XI). 

P r epa ra t i on  of Cyclohexylammonium Salts of Phosphates  iX) and (XI). An aqueous solution of the 
ammonium sa l t  of iX) was pa s s ed  through a column that  contained 25 ml  of KU-2 (H+). The eluate and 
wash wa te r s  were  neut ra l ized  with a chil led emuls ion of excess  C6HllNH 2 in 7 ml  of water ,  and the excess  
C6HllNH 2 was ex t r ac t ed  with e ther  (3 • 50 ml).  The aqueous l aye r  was evapora ted ,  the res idue  was d i s -  
solved in a l i t t le aqueous MeOH, and prec ip i ta t ion  with acetone gave 400 mg of the CHA sa l t  of (X) as an 
amorphous  powder,  [ ~ ] ~  - 3 . 5  ~ (C 2, MeOH), Rheptos e 1.25 (PC, A). When subjected to e l ec t rophores i s  
the subs tance  has  the mobi l i ty  of a glucoso 6-phosphate.  Found: C 40.15; H 7.31; N 3.69; P 8.12%. 
C13H28NPOI0. Calculated: C 40.10; H 7.25; N 3.60; P 7.96%. 

To obtain the CHA sa l t  of (XI) we pa s s ed  a solution of the ammon ium sa l t  of (XI) in a 10 : 5 : 2 alcohol 
- C H C l 3 - w a t e r  mix tu re  through a column that contained KU-2 (H+), and the eluate was t r ea t ed  with 
C6HllNH 2. Prec ip i ta t ion  with acetone f r o m  CHCI 3 solution gave the CHA sal t  of (XI) as an amorphous  
powder,  [ ~ ] 5  -52~ (C 2.3, MeOH), Rheptos  e 1.75 (PC, A). The subs tance  when subjected to e l e c t ro -  
phores i s  has the mobi l i ty  of a glucoso 6-phosphate .  Found: C 49.58; H 8.36; N 3.18; P 6.50%. 
C20H40NPO10. Calculated:  C 49.49; H 8.31; N 2.89; P 6.38%. 

Acid Hydro lys i s  of Phosphate (XI). The CHA sa l t  of (XI) (50 mg) was pas sed  through a column that 
contained 10 ml  of KU-2 (H*). The eluate was evapora ted ,  and the res idue  was dissolved in 2.5 ml  of 
2 N HCI solution, followed by the addition of 2.5 ml  of water .  The mix tu re  was then heated in a sea led  
ampule  at  100 ~ for  3 h. Af te r  cooling, the mix tu re  was ex t rac ted  with e ther ,  evapora ted  in vacuo, and the 
res idue  was evapora ted  s e v e r a l  t imes  with wa t e r  and then t r ea ted  with C6HlINH 2. Prec ip i ta t ion  with a c e -  
tone f r o m  aqueous MeOH solution gave 38 m g  of the CHA sa l t  of (X), which in i ts  mobil i ty  on pape r  and 
during e l ec t roph o re s i s ,  and a l so  in i ts  optical  rota t ion,  [~ ]5 -3"3~ (C 2, I~IeOH}, was identical  with the 
a b o v e - d e s c r i b e d  spec imen  of the CHA sa l t  of (X). 

Oxidation of Heptoside (XI) with L e a d T e t r a a c e t a t e .  The CHA sa l t  of (XI) was oxidized with 
Pb(OCOCH3) 4 in g lac ia l  CH3COOH as desc r ibed  in [11]. Af te r  40 h the Pb(OCOCH3) 4 consumption was 1.95 
moles  pe r  mole  of heptoside.  The excess  Pb(OCOCH3) 4 was reduced with anhydrous (HCOOH) 2 and s epa -  
ra ted  as lead oxalate .  The amount  of CH20 in the f i l t ra te  was de te rmined  as the dimedon der iva t ive  (mp 
190-192 ~ as  desc r ibed  in [13]; he re  1 mole  of the CHA sa l t  of (XI) gave 0.89 mole  of CH20. 

C O N C L U S I O N S  

1. The acetonat ion o f / ~ - b e n z y l - D - g l y c e r o - L - m a n n o - h e p t o p y r a n o s i d e  gives mainly  the 2,3 : 6 ,7-di-  
O- isopropyl idene  der iva t ive .  

2. The phosphoryla t ion  of the indicated acetonide and subsequent  r e m o v a l  of the p ro tec t ive  groups 
gave D - g l y c e r o - L - m a n n o - h e p t o s o  4-phosphate ,  which is an enan t iomer  of the natural  heptose phosphate.  

1. 
2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 
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