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Abstract-A method of resolving asymmetrically substituted derivatives of myoinositols (MI) viu 
their diastereomeric orthoacetates with D-mannose followed by isolation of eaantiomers from sepa- 
rated diastereomeric orthoesters is described. Starting with optically active MI a number of natural 
compounds and/or their fragments involving MI have been obtained. 

INTRODUCTION 

Asymmetrically substituted optically active MI, 
such as (+)- and (-)-bomesitols (3- and I-O-methyl- 
-MI), are common natural compoundsS.2 

Optically active asymmetrically substituted MI 
is a structural component of an important class of 
natural phospholipids such as inositolphospha- 
tides.L One reason for an intensive synthetic study 
of various MI derivatives lies in the ever growing 
interest in this class of compounds.2 

Among fundamental investigations of the chemi- 
stry and biochemistry of MI derivatives are those 
by Angyal et al. on the role of different groupings 
as selective protectors of MI hydroxyl groups and 
on the synthesis of MI derivatives as fragments of 
natural compounds or as starting compounds for 
theirsynthesis.3-5 Ballou,bs Dawson,8 HawthornelO 
and other workers have elucidated the structure of 
the most essential natural compounds of MI, in 
particular of mono-, di-, tri-, and mannophospho- 
inositides. We have synthesised mono- and 
diphosphoinositidesi** I3 as well as triester phos- 
phoinositides replicating the possible natural 
structure.LZ~14 

Molotcovsky has recently obtained phospha- 
tidylinositol con~ning unsaturated fatty acids,rs 
the synthetic routes to optically inactive phospho- 
tadylinositol have been discussed.‘6 

*Present address Institute of experimental and clinical 
oncology of the USSR Academy of Medical Sciences, 
Moscow. 

tTranslated by A. L. Pumpiansky, Moscow. 
SThe configuration of asymmetrically substituted opti- 

cally active MI is described in terms of stereospecitic 
nomenclature proposed by two of the present authors and 
N. A. Preobrazhenskii.’ 

BMolotcovsky and Bergelson2* have recently reported 
to have obtained I ,2,4,5,6- and 2,3,4,5,6_penta-@acetyyl- 
sn-MI by resolving the racemic pentaacetate through 
diastereomeric sahs of MI pentaacetate hydrogen oxalate 
with chinidine or a-phenetylamine. The physic~hemi~ 
constants of their enantiomeric pentaacetates are close to 
those of synthetic opticalty active per&acetates already 
described.” 

Compared to these advances those in the synthe- 
sis of optically active derivatives of asymmetrically 
substituted MI and natural compounds with opti- 
cally active MI are very modest evidently due to 
the difficulties involved. 

Two approaches to this problem are, (i) that of a 
partial synthesis of optically active asymmetrically 
substituted MI with a required structure from 
natural optically active compounds containing MI 
and (ii) that of a total synthesis of optically active 
MI derivatives by resolving the corresponding 
racemic compounds obtained from MI. One of the 
early examples of the first approach is the work by 
Balloui’ on the synthesis of m-MI 3-phosphate 
from galactinol. The scheme proposed by these 
workers cannot however be extended to natural 
phosphorus esters of MI such as inositolphospha- 
tides with the phosphate group in position 1. The 
same limitation holds for schemes worked out by 
GerotR to synthesise 1,2,4,5,6-penta-O-benzoyl-sn- 
MI and SW-MI 3-phosphate. 

Our attempted synthesis of optically active MI 
from natural compounds resulted in the conversion 
of I-O-methyl-m-MI, (-)-bomesitol to pentasubsti- 
tuted MI with a free l-OH-group, that is 2,3,4,5,6- 
penta-0-tosyl-s~M1. I9 U~o~un~eiy our scheme 
involves the intr~uction of protecting groups 
which are stable to even vigorous demethyiation 
conditions. 

The second approach dealing with the resolving 
of various racemic derivatives of MI appears there- 
fore to be more promising. Attempts to resolve 
racemic asymmetrically substituted MI have been 
unsuccessful to date. Thus Gigg et aLzo reported 
the failure to resolve pentabenzyl ether of MI 
through the ester of hydrogen monophthalate and 
monosuccinate followed by the formation of di- 
astereomeric salts with opticalIy active bases. It 
might be presumed that both this procedure and the 
classical method used to obtain diastereomeric 
esters with optically active acids are of little value 
for derivatives of asymmetrically substituted M1.B 
On the other hand there was an indicatioP that 
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diastereomeric l- and 3-m~nopy~osyl-sn-~I 
could be separated by ctystallisation. The authors 
did not however attempt to use their diastereomers 
for preparittg opticahy active MI derivatives owing 
to insufficient quantities of available glycosides. 
Literature reports few cases when carbohydrate 
derivatives were used as asymmetrical agents in 
resolving racemic alcohols. This may be accounted 
for by the facts that diastereomeric glycosides are 
obtained in low yields and the isolation of optically 
active alcohols from separated glycosides requires 
rigid conditions or the presence of enzymatic sys- 
tems. It is to be mentioned that Neuberg has ob- 
tained enantiomers of amyl alcohol, menthol, and 
borne01 through respective D-glycosides,e3 and 
Helferich has resolved rrons-cyclopentadiol- 1,2 
through D-glycosides.” The ready separation of 
diastereomeric mannosides of MI= encouraged 
uszJ to increase their yield by syntheeising MI 
mannosides by means of the orthoester procedure.” 
In spite of the two-fold increase in yield of manno- 
syl-MI these compounds still remain not readily 
available. The preparation of opticahy active 
asymmetrically substituted MI from MI-uumno- 
sides requires further conversions (protection of 
hydroxyl groups and hydrolysis of the giycoside 
bond). 

It may however be suggested that not only glyco- 
sides but other diastereomeric derivatives of MI 
and D-mannose (in particular orthoesters) also pos- 
sess physico-chemical properties different enough 
to enable tbeii separation to be effected. Studies in 
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this costive and in Canada2’ of monosacch~de 
orthoesten, not previously used as asymmetric 
reagents for resolving racemic alcohols, have made 
them available. It is also advantageous to use 
orthoesters rather than glycosides because they 
provide a convenient means of regenerating the 
optically active alcohol from separated diastereo- 
meric orthoesters on mild acid hydrolysis. 

The present report is concerned with our method 
of resolving racemic derivatives of asymmetrically 
substituted MI and with the synthesis of a number 
of optically active natural compounds containing 
MI and of their fragments. 

RESULTS AND DrSCUSciON 
The proposed method is based on the reaction 

of racemic mixtures of MI with the orthoacetate 
of D-mannose and ethanol under conditions of 
reesterification followed by separation of the re- 
sulting diastereomeric orthoesters of D-mannose 
and MI by chromatography or crystahisation and 
isolation of enantiomers from separated ortho- 
esters by mild acid hydrolysis or reverse re- 
esteritkation with methanol (Schemes 1 and 2). 
Reesteritkation was carried out under standard 
ConditionrF’ in boiling dichloroethane in the pres- 
ence of TsOH (042-0~25 M per mole of II) for 
3-8 hr with aseotropic distillation of ethanol. No 
marked formation of isomeric glycosides was 
thereby observed. Physico-chemicaI characteris- 
tics of resuhing diastereomeric orthoesters are 
given in Table 1. 

5 Hereafter unless stated otherwise 

R&R x-R_& 

bR’ (SR’ 
7a-k 

R, R’. Rz, RS are given in Tables i and 2 
SCHEME I 
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SCHEME 2 

Diastereomeric ortboesters were isolated by 
crystallisatioo or &WMtogm phy on Altos. To 
obtain ortboesters 9a and IOa a twofold molar 
excess of the starting ortboacetate 2 was used to 
raise the yield.” The structures of D-mannose 
orthoesters and of asymmetricahy substituted MI 
were proved by means of IR and PMR spectra 
The latter spectra of all ortboesters revealed the 
presence of a singlet peak for protons of the C-Me 
group over the 6 1.7-1.8 p.p.m. This fact substan- 
tiates the datb8 that reesteriticatioo reactions lead 
essentially to eodd=-Me orthoester isomers 
because oucleophilic attack on the intermediate 
acyloxooium ion by sterically hindered alcohols 
represented by the asymmetrically substituted MI 
proceads more favourably from the hunr(exo) 

position in respect to the pyranose ring. 
The isolation of enantiomers of asymmetrically 

substituted MI f&n respective separated ortbo- 
esters was achieved, usually, by acid hydrolysis. 
Thus, tetrabenxyP1 and peotabenxy152-ss ethers of 
MI-6a.b and 7a.b were obtained by hydrolysis 
respectively of 34 4a, 3b, and 4b with O-1 N H&O, 
in !XI% aqueous acetone, and 1,2,4,5,6- and 2,3,4,5,6 
pentaXI-acetyl-sbM1 (6d; 7It) were isolated by 
heating orthoesters 3d, 4d with 80% AcOH.” Acid 
hydrolysis proved unsuitable for the isolation of 
optically active diketals of MI 12 and 13 because 
under acidic conditions the stability of the ortho- 
ester and cyclohexylidene groups is very similar so 
that they are hydrolysed simultaneously. There- 
fore, in the case of 1,2:5,6- and 2,3:4,5di-O- 
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Table 1. Monosaccharide and asymmetrically substituted myoinositol orthoacetates 

OlthO- Mp. “c (czK.6, 
ester R RI RS Yield % (solvent) CHC&) BP 8 C-Me p.p.m. 

3s Bz H AC 968’ 135.0-137.0 (EtOH) + 0.54 0.4 (A) 1.75 
3b Bz Bz Bz 66.2 (from3s) 2 _C 0*65(B) - 
3c AC H AC 48.2; ’ 0*50(C) - 
3dd AC AC AC 58.9 (from3c) amorphous -9.24 0.61 (D) 1.62 
4a Bz H AC 18.6b 155.5-156.0 (EtOH) +9.8 0.52 (A) 1.75 
4b Bz Bz Bz 71~3(from4a) 112+-l 13.0 (EtOH) +47.1 O-31 (9) 1.78 
C AC H AC 36.1b 2 0.28(C) - 
4d AC AC AC 58.0(from 4c) amorphous -;2 064(D) 1.62 
5 Bz H AC 868’ 151.0-155*O(EtOH) - 0.63 (A) 1.72 
9a H - AC 56.1b amorphous +8.6 0.46 (A) 1.74 
9b Me - AC 80*7(from9a) 1508-160~0 (EbO- + 16.7 0.82 (E) 1.74 

light petroleum, 1: 10) 
10e H - AC 24.66 1728-174.0 (EGO) +2.0 0.27 (A) 1.81 
10b Me - AC 72.3 (from 1Oa) 154*0-155.8(light -4.25 0.81 (E) 180 

petroleum) 
lla H - AC 10.7b amorphous 2 0.12 (A) 1.77 
lib Me - AC 75.1 (fromlla) 14J34-155~O(Et#- -c 0.76 (E) 1.75 

light petroleum, 1: IO) 
14a Bz H AC 4602~ amorphous 2 0.32 (A) 166 
14b Bz Me AC 76*2(from 14s) amorphous 3 0.33 (9) 168 
15s Bz H AC 23~3~ amorphous 2 0.60 (A) 1.72 
15b Bz Me AC 51.2 (from 15s) amorphous 1 0.43 (9) 1.73 
16a H - AC 14.9’ amorphous 2 0.23 (A) 1.72 
16b Me - AC 54.2 (from 16a) 145@-147.O(E&O) - 0.79 (F) I .74 
17a H - AC 17.P amorphous 2 0.41 (A) 1.73 
17b Me - AC 61*6(from 17a) 136.0-138.0(EbO) _c 0.70 (F) 1.73 
18 - - AC 1O.P 211.0-212.5 (EtO) - 0.62 (A) 1.76 

TLC was carried on neutral alumina of the activity III after Broclunan, the solvents systems: 
CHCI,:M%CO, 9: l(A), CHCIJB), CHCI,:MqCO, 3 :2 (C), CHCl,:Me&O, 4: l(D), CHCls:Mer 
CO, 95 : S(E). CHC& : Me&O, 20: l(F). 

bin the reactions of reesterification yields are given in consideration of reacting derivative MI. 
Tompounds not in analytically pure state. 
dReesterification of 1,2,4,5.6-penta-0-acetyl-MI (1, R= R’= AC) with 2 resulted in a diastereomeric 

mixture of 3d and 4d; yield 63*2%, amorphous, R,O.G0*65(D), 8c_ue I.62 p.p.m. 
Diastereomeric mixtures. 

cyclohexylidene-sn-MI (12, 13) regeneration was 
effected by the “reverse” reesterification of ortho- 
esters 9a and 10a with a double amount of methyl 
alcohol.30 The physico-chemical characteristics of 
enantiomers of asymmetrically substituted MI are 
listed in Table 2. The enantiomorphic relations 
existing in every pair of antipodes were confirmed 
by the shape of the ORD curves. 

The preparation of a number of optically active 
asymmetrically substituted MI provided the oppor- 
tunity to study synthetic routes to phosphoino- 
sitides with natural structure. It appeared at first 
that the most suitable compounds to be investigated 
were pentasubstituted MI derivatives with a free 
group at C, (7e,h,9a). However the negligible yield 
of pentabenzyl ethers and pentaacetyl esters from 
7e,IF” on resolving compounds 1, R=R’=Bzl 
and 1, R=Ac, R’=H proved a handicap for using 
them to produce the phosphoinositide structure. A 
change in the synthetic scheme was therefore made 
and 2,3.4,5,6-penta-O-benzyl-sn-MI (7e) was pm- 

pared from the available otthoester 4a using the 
orthoacetate of D-mannose both as an asymmetric 
reagent to resolve tetrabenzyl ether 1, R=Bzl, 
R’=H and as a temporary protection of the hy- 
droxyl group at C,.” 

Orthoester 4a was benzylated with benzyl chlo- 
ride in the presence of alkali, as the orthoester 
group is stable under alkaline conditionsss The 
IR spectra of the benzylated orthoester 4b revealed 
no vOH at 3560 cm-’ and vC=O in COOCH, at 
1750, 1730cm+ which points to the complete 
benzylation of both the hydroxyl group and those 
resulting from acetate saponification. The proton 
singlet at S l-78 p.p.m. in the PMR spectrum of 4Jr 
showed that benzylation did not affect the ortho- 
acetate group. Hydrolysis of 4b gave 2,3,4,5,6- 
penta-0-benzyl-sn-MI (7e) in an overall 65% yield 
on 4a. Enantiomer 6b was obtained similarly in a 
total 50% yield (with no separation of the inter- 
mediate orthoester 3b). 

Preparation of optically active MI pentaacetates 
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Compound R R’ R* Yield % 
M.p. “C blr 

(solvent) (c, solvent) RP 

6a Bz H H 
6h Bz Bz H 

6e H H Me 
6dc AC AC H 
6e AC AC Bz 
7a Bz H H 
7b Bz H MC 

7c 

‘Id 
7e 

7f 
71 

7M 
71 
71 

7k 
12 

13 

Bz Me H 

H H Me 
Bz Bz H 

Bz Bz OP(O)(OPhb 
H H OP(O)(OH), 

.2CJ-IH,,NH, 
AC AC H 
AC AC Bz 
H H _d 

Bz Bz 2 
-- - 

81.2 (from 3s) 
50.3 (from 3b) 

55.4 (from 9b) 
74.5 (tiom3d) 
49.5 (from 7d) 
86.3 (from 4a) 
25.3 (from 7s) 

5.8 (from 7a) 

71*4(from7b) 
75.5 (from 4a) 

68.5 (from 7e) 
77.6 (from 7f) 

64-I (from 4d) 
45.3 (from 6a) 
48.5 (from 7k) 

33.2 (from 7e) 
72.3 (from 9a) 

79.8 (from IOa) 

I4$W&l(M~H) +25O (0.18, CHCI,) 0.16 (A) 
. . + 13.9 (0.3, CHC&) 0.25 (B) 

petroleum) 
2O2O-2O4O (MeOH) + 32.8 (2.4, water) 1*4(Hy 
186O-WQ(water) + II.5 (0.1, CHCls) 0.73 (Cl) 
l8lO-183.O(EtOH) +28.7(0.1,CHClS) 0.9 (B) 
l4lO-143.O(Me0H) -24*3(l.3,CHCIS) 0.16 (A) 
IlSO-116*O(ligbt - l-5(0.2, CHCIJ 0.58 (A) 

petroleum) 
l37O-138*O(ligbt -69.4 (0.18, CHCI,) 0.8 (A) 

petroleum) 
2O4O-205.0 (MeOH) - 33.2 (0.2, water) I-4 (H)b 

59.1-60.0 (lit - 13.5 (0.3, CHCIJ 0.25 (B) 
petroleum) 

64O-64*5 (bexane) - I 1.0 (0.6, CHCIJ 0.3 (B) 
2O2O-204.0 (Me&O- + 3.4 (1.0. water, pH9) I.31 (Ip 

water) 
l88O-189.0 (water) - I l-2 (0.05, CHC&) 0.7 (G) 
BWO-182.5 (EtOH) -26.55 (0.08. CHCI,) 
l69O-172.0 (CHCI,- +7.48 (0.3, CHCI,-’ 

0.9 (B) 
0*6e‘ ’ 

Me&O) MeOH, 2: I) 
53.0-54.0 (EtOH) - 7.76 ( 1.4, CHCI,) 0.65’ 

153O-156*0(&I& - 7.4 (0.5, cJIH3 0.08 (G) 
light petroleum) 

153.2-156.0 (CJI, + 7.5 (0.5, CBH& 0.08 (G) 
light petroleum) 

TLC was carried out on neutral alumina of tbe activity III after Bmckman, the solvent systems: CHCI,: Me&O, 
I : l(G); the rest systems are given in Table I. 

@The descending chromatography on Wbatman I, or “Quick Leningrad” paper, was carried out in the solvents 
systems: Me&O : water, 4: 1 (H), i-Pt0H-NH,OH-water, 7: I : 2 (I); R,values are given in ratio of the length run of MI. 

%d and 7e were also obtained by hydrogenolysis of 6’e and 71 over palladium black, yields 79.4 and 77.1%. accordingly; 
constants were analogous. 

~~P(ox~-NHJ~CH,. ce(oocc,p,,). CH~OOCC,,H,,). 
TLC on silicanel KSK. CHCI,:MeOH:4N NHAOH.9:7:2. 
‘OP(O~OPh)dCH,CH~OOCd,,H,,)CH,(O0CC,,Hj,). 
OTLC on silicic, “aqueous,” acid, Et,0 : hexane. I : 1. 

6d, 7h to be used as starting compounds for synthe- 
tic unsaturated phosphatidylinositols*‘*38 obtained 
through D-mannose ottboacetates and 1,4,5,6- 
tetra-0-acetyl-MI (3~ and 4r) followed by their 
complete acetylation to 3d and 4d and acid hy- 
drolysis of the two latter compounds was extremely 
laborious and did not result in sufficiently high 
yields of the end products.34 To overcome this 
drawback we proposed34 to obtain 2,3,4,5,6_penta- 
0-acetyl-sn-MI (7h) from 1,4,5,6-tetra-O-benzyl- 
WI-MI (6a) by its acetolysis to I-O-benzyl-2,3,4, 
5,6-penta-0-acetyl-sn-MI (71) followed by hydro- 
genolysis of the latter compound to pentaacetate 
7h. In a similar way 1,2,4,5,6-penta-O-acetyl-s&MI 
(7d) was prepared from 3,4,5,6-tetra-O-benzyl-sn- 
MI (7a).3’ 

To prove the structure, optical purity and ab- 
solute configuration of the antipodes of asymmetri- 

*Samples of natural (-t and (+)-bomesitols were kindly 
provided by Prof. L. Anderson (Madison, USA). 

tally substituted MI, additional syntheses were 
undertaken which gave a number of natural com- 
pounds involving MI and their fragments (Scheme 
1,2; Table 2). 

(-)-Bornesitol (7d).31 7a was made to react with 
Me1 in the presence of alkali to give I- and 2-0- 
methyl-3,4,5,6-ten-a-0-benzyl-m-MI (7h and 7h) 
separated by chromatography on A1203. The struc- 
ture of isomeric methyl ethers 7h and 7c was proved 
by comparison with those of respective racemic 
compounds.37 Hydrogenolysis of 7h led to I-O- 
methyl-s&MI (7d) shown to be identical with the 
natural (+bomesitol* by means of TLC and PC, 
the m.p. of the mixed sample, ORD curves, and 
IR spectra. 

(+)-Bomesitol (6c).” 9a was methylated by Me1 
in the presence of Ag,O to give 9b whose structure 
was determined by means of IR spectra (no vOH) 
and PMR spectra (60-CH3 344 p.p.m.). 9b was 
hydrolysed with 80% AcOH at 100”. These condi- 
tions led to the abstraction of the orthoester and 
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both cyclohexylidene groups, 3-0-methyl-sn-MI 
(6~) obtained by crystallisation was proved to be 
identical with (+>bomesitol* by direct comparison. 

Similarly orthoacetate 1Oa gave (-)-bomesitol 
(7d). 

sn-MI l-Phosphate (7g).= Pentabenzyl ether 
7e was phosphorylated by diphenylphosphochlori- 
date in pyridine to give ldiphenylphosphate 
2,3,4,5,6penta-0-benzyl-stMI (7f). Hydro- 
genolysis of 7f in the presence of palladium black 
and then of Adams catalyst resulted in sn-MI l- 
phosphate, obtained as bis-cyclohexylammonium 
salt (7g), shown to be identical with bis-cyclohexyl- 
ammonium salt of s&MI l-phosphate isolated 
from soya bean phosphatides by a modified pro- 
cedure.O 

Pbosphatidylhosito~ 7e.=mSB Syntheses of enan- 
tiomers of various MI derivatives resulted in the 
iirst chemical synthesis of phosphatidylinositol 
with natural structure 7j starting from 2,3,4,5,6- 
penta-0-benzyl-sir-MI (7e) (Scheme 1, Table 2). 

The synthesis of 1 -O-( 1,2di-O-palmitoyl-sngly- 
ceryl-3-0-phosphoryl)-sn-MI (7j) was based on 
condensation of 7e with phenylphosphodichloridate 
and 1,2di-0-palmitoyl-sn-glycerol that led to l-O- 
[ 1,2di-0-ptitoyl-snglyceryl-3-O-(phenyl)-phos- 
phoryll-2,3,4,5,6-penta-O-benzyl-m-MI (7k). 
Hydrogenolysis of 7k on palladium black and 
platinic oxide gave rise to phosphoinositide 7j 
isolated as its ammonium salt. The synthetic phos- 
phatidylinositol (7j) was shown to have IR, ORD 
curve and chromatographic data similar to those 
of natural monophosphoinositides.m*W 

The method proposed for the resolution of 
racemic MI derivatives may be considered as 

*Samples of nahual (-)-and (+)-bomesitols were kindly 
provided by Prof. L. Anderson (Madison, USA). 

general for obtaining antipodes of asymmetric 
cyclitoles. The resolving effect appears to depend 
in each particular case on the correct choice of the 
monosaccharide orthoester used. In order to eluci- 
date the resolving effect of monosaccharides we 
have attempted to resolve 1, R=Bzl, R’=H by 
means of the orthoester of another monosaccha- 
ride,3,4,Ctri-O-acetyl-l,2-O-tert.-butylorthoacetyl- 
a-D-glucopymnose.41 

Reesterification of the orthoester with tetra- 
benzyl ether 1, R--B& R’=H gave rise to di- 
astereomeric orthoester mixtures at C, and C, of 
MI, 14a and lSa, whose methylation of Me1 in the 
presence of Ag,O resulted in 3,4,6-tri-O-acetyl- 
1,2-O-( 1,4,5,6-tetra-0-benzyl-2-0-methyl-MI-3-0- 
orthoacetyl)-a-D-glucopyranose (Mb) and its 
3-O-methyl isomer 15b which yielded on acid hy- 
drolysis methyl ether 1, R=Bzl, R’=Me and its 
3-O-methyl isomer identical with synthetic racemic 
samples.37 The latter conversions pointed to the 
absence of resolving with D-glucose orthoacetate 
used as asymmetric reagent. Orthoesters 14a and 
15a are positional isomers. 

On the other hand the difference in physico- 
chemical properties of diastereomeric orthoace- 
tates of D-mannose and MI derivatives is greatest 
when the MI molecule has a free hydroxyl group 
vicinal to the bonding site of the orthoester residue. 
Thus, for example, 1,4,5,6-tetra-O-substituted MI 
(l,R=H) is resolved quite readilysO* whereas 
orthoesters with pentasubstituted MI(l) reveal 
very similar physico-chemical properties.32*M 

It proved also possible to resolve readily 1,2 : 5,6- 
diketal of MI (9 with free vicinal hydroxylic 
groups.so It was in this respect of interest to investi- 
gate the possibility of resolving 1,2 : 4,5di-O-cycle- 
hexylidene-MI whose free hydroxylic groups are 
not vicinal. 

Reesterification of orthoester 2 and 1,2 : 4,5di-O- 

x= 
R 

174 b 
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cyclohexylidene-MI gave rise to diastereomeric 
orthoester mixtures in l(3) 16a and 4(6) positions 
17a, as well as to diorthoester derivative 18.” The 
structures of orthoacetates 168 and 17a were estab- 
lished by their methylation,50*s1*41 to corresponding 
methylated or&esters 16b, 17b followed by their 
hydrolysis with 80% AcOH, resulting in W-one- 
nitol (CO-methyl-MI)” and Wbornesitol (l-O- 
methyl-MI),S7 respectively. Hence, in the case of 
1,2 : 4,5di-Ocyclohexylidene-MI, whose hydroxy- 
lit groups are isolated, no essential difference in 
chromatographic mobility of diastereomeric D- 
mannose otthoacetates was observed in mixtures 
of 16a and 17a. 

350”. The descending chromatography on Whatman 1, or 
“Quick Leningrad” paper, was effected in the solvent 
systems shown in Table 2. Spots were detected with 
aIkahne AgNO$ or periodat&enzidine reagent. The 
compouuds prepared all gave satisfactory ekmentary 
analyses (Table 3). 

The possibility to prepare optically active de- 
rivatives of asymmetrically substituted MI follow- 
ing the method proposed in this work provides a 
practical basis for synthetic studies of various 
natural phosphoinositides that are of considerable 
biochemical interest. 

EXPERIMENTAL 

Reester&ation of 3.4.6tri-O-acetyl- 1,2-O-ethylortho- 
acetyl-p-D-mannopyranose (2; RS=Ac) with 1,4,5,6 
t&a-0-benzyl-MI (1; R=Bzl, R’=H). A solution of 
orthoacetate (2 RS=Ac) (5.95 gPe and of 1.4,S.Ctetra-O- 
benzyl MI (1 R=Bzl, R’=H) (4.6 g) in CnH,CI, (50 ml) 
was boikd with 0.055 g of TsOH for 4 hr. C,H,CI, was 
distilled and solvent simultaneously added to retain con- 
stant volume of the mixture. Several drops of Py were 
then added, the solution evaporated and the product 
treated with Et,0 (50ml). The precipitate was Wered, 
washed with EbO (4X IOml), recrystallized from EtOH 
( 15 ml) to give 3,4,6-tri-O-acetyl- 1,2-0-(3,4,5,6tetra-O- 
benzyl-suMI- 1 -O-orthoacetyl)-@-D-manuopyranose (4a); 
0.75 g. 18.6%. m.p. 155*5-156”, [@ +9.8”, R, 0.52 (A); 
v max: 3560 (OH), 3085, 3060, 3015, 1600, 1495 (ben- 
zene rings), 1750, 1730 (C=O in acetates) cm-‘; PMR, 
S I *75 (C-Me), 2.00 (3 MeCO). 

The m.ps were alI determined in open capillaries and 
are uncorrected. The rotation angles and ORD curves 
were measured by Cat-y-60 and SPU-hi automatic spec- 
tropolarimeters. IR spectra were taken on a Perkin-Elmer. 
257 in nujol or KBr discs. PMR spectra wete measured 
on a Perkin-Elmer R-12 in CDCI., or CHCls solution; 
signals recorded in 6 (p.p.m.) relative to HMDS as zero. 

The combined ether extract was evaporated and the 
compound (9.12 g) chro matogmphed on A&OS (450 g) in 
CCL: CHCl,( 1: I). Fractions containing orthoacetate 5 
were repeatedly puritied by prep TLC (A) and crystal- 
lised horn EtOH (2 ml), O-35 g, 868%. m.p. 151-ISS”, 
R,. 0.63 (A); v max: 3500 (OH), 3090,3060,3015,1495 
(benzene rings), 1740 (C=O in acetates) 1065 (C-O-C) 
cm-‘; PMR, 6 1.72 (C-Me). 

The column chromatography and TLC were carried on Fractions containing orthoester 3a were evaporated to 
alumina of activity 3 after Brockman, on silica gel KSK dryness, the residue (092 g) purified by prep TLC (A) and 
or silicic, “aqueous”, acid in solvents listed in Tables 1 ~xystaUised from UOH (2 ml) as orthoacetate 3a 0.39 g, 
and 2. The spots were detected on slides by spraying 968%, m.p. 135-137”, [alp +0.54”, R, 0.4 (A); v max: 
them with cont. HaO, followed by carbonisatioo at 300- 3560 (OH), 3085, 3060, 3015, 1600, 1495 (benzene 

Table 3. Analytical data 

cak. % Found % WC. % Found% 

Compound Formula C H C H Compound Formula C H C H 

3a 
3d 
4a 
4b 
4d 
5 
6a 
6b 
6c 
6d 
6e 
70 
7b 
7c 
7d 
7c 
71 
78 
7h 
71 

22E5 
GJW: 
CHO 70 n II 
CSd%oO~ 
C48H,OIS 
C&W, 
CllHuOS 
C,HwOe 
CIeH,O,, 
CZ,HS,JOII 
CsrHssOI 
Cs&9Os 
Cs.&300 
C,H,.Oa 
GHuOs 
cbSH,,oep” 
C,8H&d%Pb 
C,&zO,I 
CHO za tB II 

66.19 6.25 66.24 650 
4999 5.59 5O@ 5.55 
66.19 6.25 66.03 6.41 
76.06 6.56 75.88 6.43 
4999 5.59 50.37 5.15 
66.19 6.25 65.58 6.70 
75.53 6.71 75.23 6.84 
78.07 6.70 78.26 6.81 
4329 7.22 4344 7.15 
49.22 5-67 49.08 5.65 
5749 5.87 57.34 5.42 
75.53 6.71 75.53 6.84 
75.79 690 7540 6.75 
75.79 6.90 75.35 6.74 
43.29 7.22 43.01 7.26 
78.97 6.70 7799 6.57 
73.77 5.95 73.75 6.08 

---- 

49.22 5.67 49.41 5.77 
57.49 5.87 57.24 5.63 

s 
9a 

1: 
lob 
llll 
lib 
12 
13 
14s 
14b 
15a 
1Sb 
16s 
16b 
170 
17b 
18 

CHONPe II = IS 59.47 9% 5940 9.74 
CH OPd RI llJ 13 73.62 8.51 73.57 8.64 
C,H,O,, 57.30 6.91 5746 7.37 
CssH&lS 57.88 7.06 58.07 7.34 
C,H.Jhs 57.30 6.91 5698 7.00 
CsaH&lS 57.88 7.06 57.86 7.25 
C,H.&h, 57.30 6.91 57.29 7.06 
CsaHuJO,, 57.88 7% 58.00 7.47 
C,Jh806 63.51 8.29 63.54 8.23 
cWHz8os 63.51 8.29 6344 8.18 
C4J-bOIS 66.19 6.25 65.74 6.67 
C,PWO,, 66.50 6.37 66.74 6.45 
G&O,, 66.19 6.25 65.92 6.26 
CJ%SOI, 6650 6.37 66.15 6.42 
CSJ%aO,S 57.30 6.91 57.09 7.12 
GH4EO,S 57.88 7.06 57.96 7.15 
C,H,aO,s 57.30 6.91 57.51 6.63 
cx&.9o*s 57.88 7.06 5744 6.94 
c48Huo** 55.19 644 55.05 6.70 

“talc. %: P 3.59. Found %: P 360. 
Qdc. %: N 6.11; P 6.75. Found %: N 598; P 6.79. 
“Calc. %: N 1.70; P 3.74. Found %: N 1.78; P 3.81. 
dcaic. %: P 2.31. Fouod 46: P 224. 
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rings), 1760, 1740 (C=O in acetates) cm-‘; PMR, 8 1.75 
(C-Me), 1.95 (MeCO). 

Similarly, reesterification of orthoacetate 2 RS=Ac 
with respective racemic asymmetrically substituted MIS.” 
led to orthoesters L, C, 94 1% 11% diastereomeric mix- 
tures of 3d, 4d, Ma, 174 18, reesterification of 3,4.6-tri-O- 
benzyl- 1,2-O-ethylorthoacetyl-B-D-mannopyranose (2 
Rs=BzPP with 1 R=R*=Bz= resulted in orthoacetates 
3b, 4b, and reesterification of 3,4,6-hi-Qacetyl- 1,2-O-t- 
butylorthoacetyl-a-D-glucopyranoseU with 1; R=Bz, 
R’=H gave rise to diastereomeric mixture 144 15s 
(Table 1). For orthoesters 9a, IOa, lla, 16a, 17a, 18 a two- 
fold excess of orthoacetate 2 R-c was used. 

The sample of resulting orthoester was completely 
hydrolysed*a by O-1 N HISOI in 90% aqueous Me&O 
for 30 min at 18-M”. 

3,4,6-Tri-O-benzyl-l,2-0-(2,3,4,5,6-penro-O-benzyf-sn- 
MI-1-O-orthoaceryl)-8-D-mannopyranose (4b). A mix- 
ture of orthoacetate 4a (0.8 g) and powdered KOH (0.52 g) 
in PhCH,Cl(O.O7 g) and 25 ml THF was boiled for 8.5 hr. 
Excess PhCH&l and dibenzyl ether were removed by 
steam distillation and the residue extracted with C,H, 
(3 X 20 ml). The organic layer was washed with HI0 
(3 X 10 ml), dried (N&SO,) and evaporated. The product 
crystallised from EtOH (lOm1) as 4b. 0*724g, 71.3%, 
m.p. 112-113”, la]b +47.1”, R, 0.31 (B); Y max: 3095, 
3060, 3040, 1605, 1500 (benzene rings) cm-r; PMR, 8 
l-78 (C-Me). Similarly, orthoacetate 3a resulted in 3b 
(Table 1). 

3,4,6-Tri-O-ocetyl- 1,2-O-( 1.2,4,5,6-penro-O-oceryCso_ 
MI-3-O-orrhooceryl)-p-D-mannopyranose (&I). A solu- 
tion of orthoacetate 3c (O-052 g) was kept in Py (2 ml) and 
AGO (0.5 ml) for 48 h at 20”. The mixture was evanorated. 
MiOfi (10 ml) added and again evaporated three times. 
Orthoacetate 3d was obtained by TLC, 0.033 g, 58.9%. 
[a];” -9.24”, R, 0.61 (D); Y max: 1750cm+ (C=O in 
acetates); PMR, 8 l-62 (C-Me), 1.8-2.22 (7 MeCO). 
Similarly, compound 4c gave orthoester 4d (Table 1). 

3,4,6-Tri-0-oce~I-l,2-0-(l.2:5,6di-O-cyclohexylidene- 
3-O-merhyl-sn-M1~4_O_orrhoaceryl)-8_D-~anno~yr~no~e 
(9b). To the solution of otthoester 9c (0.67g) in Mel 
(2 ml). freshly sunnlied Aa,O (0.464 a) and drierite (0.19 a) 
were. added. -The &xtur&was boil2 for 10 hr, addition2 
O-5 ml of Me1 and 0.232g of AgtO were added and the 
reaction continued for 20 hr. Solid was filtered, washed 
with CHC& (4X 1Oml) and solvent evaporated. Prep 
TLC of the residue (E) yielded 0.185 g of or&ester 9a, R, 
O-38, and 0485 g (80.7%) of %, R, O-82. After crystallisa- 
tion from 15 ml of EGO/light petroleum ( 1: 10) %I had: 
m.p. 150-160” (deformation at 85-88”), [&’ + 16.7”; Y 
max: 1750cm-’ (C=O in acetates): PMR. 6 l-74 
(C-Me), 2.01 (2 MeCO), 2.07 (Med6), 344 (OMe). 
Similarly, methylation of respective orthoesters led to 
lob, llb, 14b, 1% 16b, 17b (Table 1). 

1,4,5,6-Term-O-benzyl-mM1 @a). Orthoester 3a 
(086g)wastreatedwithof0~lNH,SO,(llOml)in9O% 
aqueous Me&O for 1 hr at 20”. The mixture was mixed 
with amberlite IRA -400 (OH-form) for 10 min at 20”, 
filtered and the resin washed with Me&O (2 X 30 ml). 
Solvent was evaporated and the product (O.OSSg) crys- 
tallised from MeOH (1 ml), dried for 6 hr at 70-80” at 
O-01 mm to obtain tetrabenzyl-MI +a); 0.03 g, 81*2%, 
m.p. 140.2-142.1”. [& +25*0”, RIO-l6 (A); Y max: 3460, 
3350 (OH), 3090,3070,1605,1500 (benzene rings) cm-‘. 
Similarly, respective or&resters gave 6b, 74 and 7e 
(Table 2). 

3-0-Merhyl-sn-MI, (+)-bornesitol (6~). Orthoester 9b 

(0.14 g) was heated in 88% AcOH (2 ml) for 3 hr at 100”. 
The mixture was evaporated to dqmess and 5 ml of MeOH 
added to the residue. The product was cry&llised from 
MeOH (0.2 ml) to give 3-0-methyl-abM1 (6c), identical 
with natural (+)-bomesitol as evidenced by m.m.p., IR, 
TLC and PC. Yield 0.022 g, 55.4%, m.p. 202-204”, [a]$ 
+32-8”, R, 1.4 (H); Y max: 3410,333O. 3200 (OH), 2800 
(MeO) cm-r. Similarly, hydrolysis of respective ortho- 
esters Jd and 4d gave pentaacetates 6d and 7h (Table 2). 

12 : 5,6-Di-0-cyclohexylidene-m-MI (12). The solution 
of orthoester 9a (O-335 g) in GH,CI, (2 ml) was boiled, 
evaporating 5- 10 ml of solvent and adding simultaneously 
CtH,Clt to retain constant volume. To the reaction 
MeOH (0.04 ml) and TsOH (OGO2 g) were added and the 
mixture brought to boiling in 2-3 min. 2-3 drops of Py 
were added to the cooled -mixture which was evaporated. 
The residue on prep TLC (E) gave: (i) 3,4,6-tri-O-acetyl- 
1,2-0-methylorthoacetyl-8_Dmannopytanose (0.129 g, 
79.5%);m (ii) the starting orthoester 9a (0.035~); (ii) 
diketall (0.11 g, 72.3%). After twice crystallisation from 
5 ml of the C,&-light petroleum mixture (2:3) 12 had 
m.p. 153-156”, [a]?--7.2, R,O.O8(G); Ymaxl3500,3320, 
3 160 (OH). Similarly, reesterification of orthoacetate 1Oa 
with MeOH resulted in 2,3 : 4,5-di-O-cyclohexylidene-sn- 
MI (13) (Table 2). 

2,3,4,5,6-Penta-0-acetyk 1 -O-benzyl-m-MI (7I). A mix- 
ture of 1,4,5,6-tetra-0-bet@-m-MI (&I) (0.5g) and 
acetolysis mixtures (3 ml) was kept for 60 hr at 0” and 
poured into glacial HI0 (50ml) with NaHC03 @H 9) 
and CHCls extracted. The CHCl., solution was water 
washed (3 X 20 ml) and dried (Na$OJ. Solvent was re- 
moved and the product crystallised from EtOH (3 ml). 
0.113 g, 45.3%, m.p. 180-182~5”. [a]F -26.56”, R,O-9 (B); 
Y max: 3060,3040, 1590 (benzene rings), 1750 (C=O in 
acetates) cm-‘; PMR, 8 2.00 (4 Me&), 2.18 (MeCO), 
3.62 (J = 2.7 and 8 Hz. l-HkS Similarlv, 3.4.5.6-tetra-O- 
be&l-sn-MI (7a) led to 6e (Table 2). _ 

2,3,4,5.6-Pen&O-aceryl-sn-MI (7h). 088g of 7h was 
hydrogenated in glacial AcOH (10 ml) in the presence of 
palladium black (0.25g) at 20”. Catalyst was filtered, 
washed with glacial AcOH (3 X 2 ml), the solvent evapor- 
ated, and the residue crystallised from HZ0 (O-5 ml) to 
yield (0.05 g, 77.1%) pentaacetate 7h identical with that 
obtained from orthoester 6d (Table 2). 

Similarlv. Q resulted in nentaacetate 6d (79.4%) identi- 
cal with &at prepared fromorthoacetate 3d (Table-Z). 

1-O-MerhyI-3,4,5.6-retra-0-benzy&m-MI (7b). To a 
solution of 7a (0.5 g) in CBHs (20 ml) Me1 (0.07 ml) and 
powdered KOH (6*5g) were added. The mixture was 
stirred for 2 hr at 1009 cooled. diluted with H.0 (20 ml) 
and C&Is (3 X 10 ml) e&acted.‘Solvent was removed and 
the product crystal&d from light petroleum (150 ml). 
Prey TLC nroduced an analvticahv pure samnle of 7b. 
0.13, 25.3%. m.p. 115-l 16”; [o]G--1.5”. R,O:58 (A); v 
max: 3480 (OH). 3100.3075.3040.1610.1500 (benzene 
rings), 2805’(Mh) cm”. 

The mother liquor was concentrated and the prep TLC 
of the residue gave 2-O-methyl-3,4,5,6-tetra-O-benzyl- 
m-MI (7b) O-03 g, 5.8%, m.p. 137-138”, [&I’ -69.4”, R, 
0.8 (A); v max: 3360,330O (OH), 3090,3060,3035,1610, 
1500 (benzene rings), 2805 (MeO) cm-*. 

I-O-Methyl-m-MI, (-)-bornesitol(7e). Methyl ether 7b 
(046g) was hydrogenated in the presence of palladium 
black (O-01 g) in glacial AcOH (2 ml) for 5 hr and catalyst 
separated and washed with glacial AcOH (5 ml). The 
filtrate was evaporated, MeOH (2 ml) added to the residue 
which was again evaporated. The residue was crystallised 
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from MeOH (05 ml) to give ?d, identical with the natural 
(-)-bomesitol (m.m.p., IR, TLC, PC). Yield O*Olfg, 
71*4%, m.p. 204-20559 ]a]g - 33.2’, & l-4 (H). 

3is~yclo~~fa~~~m salr of es&I l-phosphate 
(7g). To a solution of pentabenxyl ether (0*32g) in Py 
(2 ml) at O”, (PhO), P(O)Cl (0.15 g) was added with stir- 
ring. The mixture was agitated for 16 hr at 20”and poured 
into glacial H,O (100 ml), extracted (4 X 25 ml) and the 
extract washed with glacial Hi0 (4X 15 ml) and dried 
@&SO,). Solvent was evaporated and the product crys- 
tall&d from 8 ml of hexane to give ldiphenylphosphate 
2,3,4,5,bpenta-0-btnzyl-sbM1 (79. 0*3g, 68.5%. m.p. 
64-645”, [a]$ - 1 l”, RrO.3 (B); v max: 3090,3070,3015, 
1600, 1500 (benzene rings), 1270, 1260 (P=O), 950 
(P-O-C) cm-‘. 

Compound 7f (O-15 g) in EtOH (15 ml) was hydrogen- 
ated In the oresence of PtO, (0.01 a) and then palladium 
black (0-M g). ~onvention~-ti~~~nt6 resulted in phos- 
phate 7g identical with the bis~yclohexyl~nium salt 
of natural en-MI l-phosphate obtained by modified pro- 
cedures from soya bean phosphatides. O&2& 77.6%, 
m.p. 202-204”, [a@+ 3*4”, R, 1.31 (7); Y max: 3400-3ooO 
(OH, NH, NH,), 1640, 1510 (NH,), 1230 (P=O), 1080 
(P-O-), 1030(P-O-C)cm-1. 

1 -O-[ 1,2-Di-O-palmitoyl-so-glyceryl-3-O-(phenyi)phos- 
phoryl]-2,3,4,5,6-penfa-0-bentyf-semi (7k). To 7e 
(O-7 g) in Py (2 ml) was added PhOP(O)Cl, at 0” and 
stirred for 24 hr at 20”. with 1,2di-O-palmitoyl-m-glycerol 
(0.63 g)= then added in Py (3 ml) and CHC& (3 ml) at 09 
The mixture was axitated for 24 hf at 20”. H,O (2 ml) added 
and CHCb (3 x 461d) extracted after 36 I&. The extract 
was HP0 washed (3 x 30 ml), dried (Na$IOA and evapor- 
ated. The product consisted, according to TLC, of intact 
7t and t,t-diglyceride, ~~enylphosp~~c and phenyl- 
bis-phosphati~c acids and of ph~pho~~i~de 7k was 
separated by chromatography on silicic acid to obtain 7k. 
0.49 g. 33.2%, m.p. 53-54” (EtOH), [a]? - 7*76*, RI 0.65 
(silicic acid, Et#-hexane, 1: 1); v max: 3 100,3040,1595, 
1500 (benzene rings), 1745 (C=O in COOR). 1215 
(P=O) cm-l. 

l-O-( 1,2-Di-0-palmitoyl-rra-glyceryl-3-0-pho$phoryl)- 
sbM1 (71. ammonium salt). 7k (0.4 a) in EtOH (46 ml) , _. 
was shaken in Ht in the p&et& of PtO, at 18-20” until 
the phenyi group was completely removed (TLC). The 
catalyst was separated and washed with EtOH (1Oml). 
The filtrate was hydrogenated in the presence of palla- 
dium black to completely remove the benxyl groups 
(TLC, IR). Catalyst was separated and 4N NH,OH 
added to the alcoholic solution to pH 7-8, the solvent 
was distilled in vacua at 30-409 The residue was dis- 
solved in CHC& (5 ml), Me&O (10-15 ml) was added 
and the mixture left to stand for 18-20 hr at 09 The pre- 
cipitate was tiltered, washed with Me&O (5 ml) to re-sult 
in phosphatidylinositol 71, 0.12 g, 48.5%, m.p. 169-172”, 
[a]6 +748”, RI 0.6 (silica gel KSK, CHC&-MeOH-4N 
N+H,OH, 9:7:2);* max: 3350 (OH), 3150, 3060, 1425 
(NH,), 1740 (C=O in COOR), 1325.1300, 1280.1260, 
1235 (CH,), 1215 (P=O), 1060 (P-O-C, C-O-C) 
cm-‘. 
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