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Synthesis of P1 -Dolichyl P2-a-D-Mannopyranosy1 
Pyrophosphate. The Acid and Alkaline Hydrolysis of 
Polyisoprenyl a-D-Mannopyranosyl Mono- and 
Pyrophosphate Diesters? 

Christopher D. Warren and Roger W. Jeanloz* 

ABSTRACT: PI -Dolichyl P 2 -  a-D-mannopyranosyl pyro- 
phosphate (9) has been chemically synthesized by a method 
developed for the corresponding citronellyl derivative, 
which also contains a saturated a isoprene residue. In each 
case, the P - polyisoprenyl P 2 -  diphenyl pyrophosphate was 
treated with 2,3,4,6-tetra-O- acetyl-a-D-mannopyranosyl 
phosphate to give a fully acetylated pyrophosphate diester, 
which was purified chromatographically and subsequently 
deacetylated. The citronellyl and dolichyl pyrophosphate 
diesters were compared with the previously synthesized ci- 
tronellyl and dolichyl a-D-mannopyranosyl phosphate, re- 
spectively, by chromatography and by hydrolysis experi- 
ments. Good separations of the monophosphate from the 
corresponding pyrophosphate were achieved by silica gel tlc 
in  a variety of solvent systems. Brief dilute acid hydrolysis 

T h e  recent demonstration that polyisoprenyl mannolipids 
are formed in vitro by enzymic systems obtained from 
mammalian and avian sources has prompted the study of 
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of both the mono- and pyrophosphate diesters gave D-man- 
nose and no a-D-mannosyl phosphate, the other products 
being polyprenyl phosphate and pyrophosphate, respective- 
ly. When the polyprenyl a-D-mannopyranosyl mono- and 
pyrophosphate diesters were treated with hot dilute alkali, 
the major products were polyprenyl phosphate and sub- 
stances arising from the breakdown of D-mannose, indicat- 
ing that the a-D-mannosyl phosphate bond was the most la- 
bile linkage in both compounds. However, the formation of 
a small proportion of free dolichol indicated that cy-D-man- 
nosy1 phosphate was also formed to a minor extent. The in- 
terpretation of the results of the alkaline hydrolysis was 
complicated by the instability of D-mannose under basic 
conditions, it being almost completely degraded by even a 
brief treatment. 

the probable role of these compounds as intermediates in 
glycoprotein biosynthesis (Richards and Hemming, 1972: 
Baynes et al . ,  1973; Waechter et al., 1973). Partly on the 
basis of chromatographic and hydrolytic data, the com- 
pounds have been identified as phosphate diesters of D- 
mannose and of either dolichol or a very similar, long-chain 
isoprenol. In several instances, strong evidence for a mono- 
phosphate diester bridge was obtained from chromato- 
graphic comparison of the endogenous mannolipid phos- 
phates with synthetic dolichyl a-D-mannopyranosyl phos- 
phate (Warren and Jeanloz, 1973a,c). The compounds 
characterized in this way were formed by preparations from 
pig-liver endoplasmic reticulum (Evans and Hemming. 
1973), calf pancreas (Tkacz et al . ,  1974), human lympho- 
cytes (Wedgwood et al . ,  1974), and hen oviduct and bovine 
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thyroid (Waechter et al., 1973). However, the possibility 
remained thnt the compounds might be pyrophosphates, a s  
it was not pocsible to predict whether or not the chromato- 
graphic differences associated with the rnono- and pyro- 
phosphate groiips would be masked by the presence of such 
a long aliphatic chain (approximately 100 carbon atoms). 

The identification of the products of dilute acid treat- 
merit of polj isoprenyl D-mannosyl pliosphates has been 
used as a method to distinguish bet\r;een mono- and pyro- 
phosphate diesters, on the assumption that pyrophosphate 
diester4 would undergo preferential hydrolytic scission be- 
tween th: f w o  phosphate grorips ( J m g  arid Tanner, 197?; 
IDe Luca et nl , 1973). Since the dolichyl phosphate bond i s  
known to be stahle to tnild acid treatment, it was suggested 
that formation o f  D-mannosyl phmphate would indicate the 
piesmce of a pyrophosphate, whereas the absence of D.. 

mannosyl phosphate wonld indicate a monophosphate. 
However, no staridard compounds have been available to 
test this hypothcsis. 

Altlir)ugh i t  is generally accepted that enzymically 
formed polyisoprenyl mannolipids are rapidly hydrolyxd 
by codiuni hydroxide above 60'. the nature of the products 
formed is cause for controversy. possibly because of varia- 
tions in the conditions of hydrolysis from one group gf 
workers to another. In some cases, I)-manriosyl phosphate 
was reported ar the product of hydrol!,sis of mannolipid 
phosphates obtaiwd from niamma.lian and avian system< 
(Waechter et 01.. 1973; Haynes et o/,, 1973).  or from the 
compound f o r m d  by a particulate enzyme from cotton fi- 
bers (Forsee and Elhein, 1973); the lattcr workers also re- 
ported that only 7 5 %  of the released l''C label was bound to 
an  anion-exchange resin, and could therefore have been D- 

mannosyl phosphate. On the other hand. Evans and Nem- 
ining ( I  973) h!tirolv7ed the mannolipid phosphate formed 
by pig.liver endoplasmic reticuluni, a s  well as synthetic dol- 
ichyl a.~n-nlannn~1!~rar:o~yl phosphate ( 1  l ), and reported 
D-mannose R S  the oniy carbohydrate product obtained from 
both compounds, and dolichyl phosphate as the lipid prod- 
uct. Cawley et n l  ( 1972) hydroly~ed a y e s t .  phosphonian- 
nan  containing n-1,)-mannosyl phosphate residues and did 
not obtain any rJ-iriannosyl phosphate. Furthermore, 
Behrens P t  a/ .  (1971) reported that the nature of  the man-. 
nose-derivcd pi odiicts from the alkaline hydro!ysis of a 
mannolipid phosphate formed hy rat-liver niicrosoines had 
yet to he investigated, indicating that no clear. single com- 
pound was obhined.  Recent work (Ficrsco\Jics et a/. .  1974) 
tias shown that the polyprenyl marinosyl p!!osphates formed 
by calf pancreas and human lyniphocytes contain a 8-u- 
mannosyl phosyhate residue, and that 0- and @.linked com- 
pounds yield ddichyl phosphate and dolichol. respectively, 
on treatment Wiih alkali. Furthermore, this woIk has shown 
that alkali treatment o f  the @-linked compound yields 8-u- 
mannosj l  phorphate as well as mannose 2,  phosphate. It is 
therefore also possible that the contrasting results detailed 
here retlect the presence of different anorneric configura- 
t ions  ir. the maniiolipid phosphates formed in  dit'ferent s y ~ .  
terns. 

I n  the w r k  presently reported. we have undertaken the 
chemical synthesis of' I' ~ dolichyl P' .  cr-u..niaiinopyranosyl 
pyrophosphate (9) m d  have investigated the chroniato- 
graphic separ8tinn of this compound from the previously 
synthesized monophosphate 11 (Warren and Jeanloz. 
1973a.c). The hehavior of compounds 9 and 11 on treat- 
ment \r~ith dilutr: acid arid dilute base w a ~  studied wit!i a 
view t u  estublis!iing tb. mechanisins of Iiydi-olysis of thesr 

two phosphate diesters, and to determine if mono- and pyiil- 
phosphate diesters can be distinguished oq the basis of their 
hydrolysis products. 

Results and Discussion 
Conditions for the chemical synthesis of polyisopwnyi 

pyrophosphate diesters were established by the w e  of citro 
nellol, a readily available conl.pound, a s  a short-chain rnodei 
isoprenoid alcohol containing an a-saturated isoprene uni!.. 
The sodium salt of the synthetic product 8 wz3.s a water-soi- 
uble solid, thus, hydrolysis experinrents could be performed 
in aqiueous solutions, avoiding the use of organic solveilti. 
which are necessary to solubiiize glycolipid phosptiates thn: 
contain long aliphatic chains. 

Citronellyl phosphate (4) was prepared (a) a s  one of thc 
starting materials for the synthesis of P1-citroaellyl P z .  w 
rl-niannopyranosyl pyrophosphate (8), and (17) as a chrc- 
matographic standard for the subsequent hydrolysis expcr i .  
ments. Citronellyl pyrophosphate was also required for (h) .  
Application of the method of phosphorylation (Popjak et 
a/., 1962; Warren and Jeanloz, 1972) that consists of treat" 
ing the alcohol with bis(triethy1ammonium) phosphate and 
trichloroacetonitrile gave both citronellyl pyro- and man+ 
phosphate. Compound 4 has been prepared previously 
(Warren and Jeanloz, 1973c) by the I)-  phenylene phospho- 
rochloridate method (Khwaja et al , ,  1970) and the CWI- 
pounds made by the two methods gave identical inain spots 
on  tlc; the by-product5 were also the same, except for citro- 
nellyl pyrophosphate, which was present only in the p r e p  
ration by the method of Popjak el al .  (1962). This observa.- 
tion eliminates the possibility that the 11- phenylene phos- 
phorochloridate method of phosphorylation ( K  hwaja et a1 , 
19'70), which involves lead tetraa1:etate oxidation (Warre11 

and Jeanloz, 1972; Warren et a/.,  19'73; Warren and J m n -  
loz, 1973c; Wedgwood et a]. ,  1974). could degrade thr* 
highly unsaturated alcohol. As citronellol has w:ly one dou. 
hle bond, siich an effect, if  present, would t)c psrticularly 
1 narked. 

C:itronellyl phosphate (4) was converted into the diphcnyi 
pyrophosphate 2 which was unexpectedly n o  niore stablt. i n  
the presencc of anhydrous pyridine than the corresponding 
allylic compounds (Warren and Jeanloz, 19-12), and imme- 
diately decomposed. Therefore, compound 2 was treated 
wit.h 2,3,4,h-tetra-O- acetyl a-u-mannopyranoqyl phosph;lte 
(1) in a solution of 1,2-dichloroethane containing %i sriia11 
proportion of pyridine. These reaction conditions were a 
modification of those originally einployed by Michelson 
(1964) for the preparation of nucleoside pyrophosphate 
diesters. The resulting acetylated pyrophosphate diester 6 
was purified by chromatography and ccnverted into t h e  
solid sodium salt for characterization (tlc, ir spectrum. airti 
elemental analysis). Deacetylation by the standard p r o w  
diire gave P I -  citronellyl P 2 -  a-D-niatmopyranosyi sodium 
pyrophosphate (8) as a water-soluble solid, pure according 
to tlc in a variety of solvent systems. arid showing the ir 
spectrum Miid elemelital analysis expected fov a pyrophor. 
phate diester of D-mamnose and citronellol. I t  was much 
more stable than the allylic pyrophosphate diesters pre. 
pared previously (Warren and Jeanloz, 1972,), so that it 
could. if necessary, be purified by preparative t IC. 

The conditions for the reaction of PI-diphenyl P2-d(.li. 
chyl pyrophosphate (3) with compound 1 were based on the 
preprat ion of the citronellyl derivative. The resulting ac- 
etylated pyrophosphate diester 7 was purified by chronia- 
tograpby arid characterized by its ir spec t iu i~~ and tlc irl S F V -  
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Table I: Thin-Layer Chromatography on Silica Gel of PI- 
Citronellyl P-a-D-Mannopyranosyl Pyrophosphate (8), 
PI-Dolichyl P-a-D-Mannopyranosyl Pyrophosphate (9 ) ,  
Citronellyl a-D-Mannopyranosyl Phosphate ( lo) ,  and 
Dolichyl a-o-Mannopyranosyl Phosphate (1 1).  

R F h  

Solvent System" 8 9 10 11 

Chloroform-methanol- 0.18 0.18 0.54 

Chloroform-methanol- 0.23 0 . 4 7  0.40 0.83 

Chloroform-methanol- 0. 70 0.89 0.87 

2,6-Diniethyl-4-hepta- 0.43 0.20 0.67 

water (60 : 2 5: 4) (A) 

water (60:3 5:6) (B) 

water (10:10:3)(C) 

noneacet ic  acid- 
water (20:15:2)(D) 

moniuni hydroxide- 
water (6:3:1)(E) 

nol-15 II ammonium 
hvdroxide-water 
(65:3 5:4:4)(F) 

2-Propanol-15 M am- 0.67 0.62' 0.70 0.83" 

Chloroforni-metha- 0.20 0.20 0.45 

f' All proportions are volume to volume. RF value was 
calculated from measurement of the distance from the 
origin of the chromatogram to the point of maximum in- 
tensity of the spot (anisaldehyde spray). With tailing. 

era1 different solvent systems. Deacetylation gave I" - doli- 
chyl P :- o-o-mannopyranosyl pyrophosphate (9) and, as tlc 
showed the presence of only traces of contaminants, further 
purification was not performed. The allylic pyrophosphate 
derivatives of D-galactose and 2-acetamido-2-deoxy-D-glu- 
cose, synthesized previously (Warren and Jeanloz, 1972; 
Ll'arren ~t ai., 1973). were too unstable to tolerate prepara- 
tive tic without some decomposition. However, as com- 
pound 9 is much more stable, preparative tlc could bc used, 
i t '  i t  is necessary to obtain an  absolutely pure sample. Com- 
pound 9 was further characterized by its ir spectrum and el- 
e ni  ental ana lysis. 

Compound 9 was compared with dolichyl a-o-mannopy- 
ranosyl phosphate (11) (Warren and Jeanloz, 1973a,c). 
Both compounds were well separated on silica gel tlc in four 
different solvent. systems as well as on DEAE-paper (ace- 
tate form), ~ i t h  a range of concentrations of ammonium ac- 
etate in methanol as the eluent (Table 1). 

The behavior of the synthetic compounds in hydrolysis 
experiments was examined, and the results are summarized 
in Table 11. When the monophosphate diesters 10  and 11, 
and pyrophosphate diesters 8 and 9 were treated with dilute 
acid, the main reaction was splitting of the glycosidic bond, 
and the hydrolysis rates of both types of compound were 
similar. I n  order to confirm the formation of dolichyl pyro- 
phosphate from 9, a standard sample was prepared. Pro- 
longed reaction times resulted in hydrolysis of the polypren- 
) I  pyrophosphate derived from 8 or 9, yielding the corre- 
sponding polyprenyl phosphate. Therefore it is apparent 
that. i n  the pyrophosphate compounds, the a-D-mannopyra- 
nosy1 phosphate bond is more labile under acidic conditions 
than the pyrophosphate bond, and in both types of com- 
pound the a-D-mannOpyranosyl phosphate bond is more la- 

bile than the lipid-phosphate bond. This is in contrast to t hc 
properties of allylic derivatives, such as ficapren! I ( i - 1 ) -  

mannopyranosyl phosphate (Warrer, and Jeanloj.. i 973b). 
where a-D-mannopyranosyl phosphate is usually obtained. 
From these results, i t  is concluded that the naturc of t h e  
terminal (Q) isoprene residue of the lipid moiety is t he cru- 
cial factor in determining whether or not tr-I>-inannopqr;i- 
nosyl phosphate will be a product of mild acid hqdrul js i~.  
When this isoprene residue is unsaturated, as  i n  b;ictcrial 
undecaprenol and retinol, cx-D-marinopjranoxq I pho\ph.itc 
or pyrophosphate is obtained, and when it is saturated, LIS i i i  

dolichol, no a-D-mannosy1 phosphate or pyrophosphate I \  

formed from either a mono- or a pyrophosphate t!pc 01'  
compound. 

Recent work (Warren. C. D.. L.iu, 1 .  Y . .  t i e r w n k s .  ,\.. 
Wedgwood, J. F., and Jeanloz, R .  W., unpubli,shcd resulth) 
has shown that a- and p-D-rnannopyranosyl phosphate have 
similar stability under acidic conditions, hydrolqsis of  the 
6-linked derivative being only slightly faster than thc t i ,  arid 
that the rates of acid hydrolysis of the niannoxyl phosphiitc 
bond in dolichyl a- and @-D-mannopyranos! I phosphatc a r c  
similar. Therefore, it can be reasonably expected t h a t  t he 
arguments presented here for the acid hqdrol,i<i> of  ( t - 1 ) -  

linked compounds will be equally valid for pol>j)reii> I n i L i n -  

nosyl phosphates having a @-I> linkage. 
When the monophosphate diesters 10 and 11 ucre  tre:it- 

ed with hot. dilute alkali, the formation of  ;I polyprcnql 
phosphate showed that the a-D-mannopjranos) I  phosphate 
bond was the site of primary hydrolytic cleavage. Onlq trac- 
es of a-D-mannopyanosy1 phosphate were formed. lind I)- 
mannose was not a product. I n  order to dctcrminc ~ h c t h c r  
the I>-mannose moiety had been degraded by the ;ilkaline 
conditions, a sample of the free sugar ma:, xubjccted t o  a 
comparable brief treatment with aikali. This confirmed t h n t  
[>-mannose is almost totally decomposed under thcsc w n d i -  
tions, to yield a mixture of unidentified compounds (so i i i c  
of which being most probably saccharinic acid:,). Thcsc re- 
sults suggest that ci-D-mannos>l phosphatc C ~ J U I ~  bc the 
only readily identifiable I4C-labeled compounci oht;iiricd iii 
the hydrolysis of a biosynthetically formcd inannolipid 
phosphate of this type. although i r  might rcpnwrit o n l ?  .i 

small proportion of the total [>-mannose prcseni i i i  thc origi- 
nal a-D-mannopyranosyl phosphate moiety. 

When the pyrophosphate diesters 8 and 9 ~ v c r e  iiqdro- 
lyzed by dilute alkali, the a-0-mannopyranos) I phubph:ite 
bond  as again the most labile bond i n  the inolcculc.  A.\ 
shown by the fact that very little (t-I,-m,innop)r:inos~l 
phosphate was obtained. I n  order to demonatratt~ that t h i h  
compound had not been formed to a n y  extent dur ing  the h \ -  
drolysis and subsequently degraded. a s:imple subjeztcd 
to alkaline conditions more viporoux than thosc uscd f o r  t h c  
hydrolysis. and shown to be unaffected. The riites of hqdrol- 

.is of the monophosphate 11 2nd p),rophosph;itc 9 ~ e i i '  
. milar. so these results did not support t h e  h!pothe.si\ 1 1 1 : 1 !  

pyrophosphates are alwa!.s more labile under ixixic condi- 
tions than monophosphates. or t h a t  scission in\ ;iriabl! oi:- 
curs mainly between the two phosphate g r o u p  ; ( ' I ' i rL  ; i n J  
Villeniez, 1973).  

Obviously. a very different situation holds I\ iicn the glq- 
cosy1 moiety contains a hydroxyl group that c:in p:irticip:ite 
in  cyclic I .?-phosphate formation (Khorana ( ' I  ill , 1057; 
Paladini and Leloir, 1952). In this case. as for cx::niple w i t h  
derivatives of 1)-galactose (Dankert ef ui., 1900: TroJ P I  ( ~ l . ,  
1971; Warren and Jeanloz, 1972), very mild alkaline treat- 
ment can yield a c>clic 1.2-phosphate and a lipid phosphate. 
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Table 11: Acid Hydrolysis of Citronellyl a-D-Mannopyranosyl Pyrophosphate (8) and Phosphate ( 10) and P-Dolichyl P- 
a-D-Mannopyranosyl Pyrophosphate (9). 

Phos- 
Compd phate 

~~ ~~ - 

Time Hydroly- 
Solvent Temp ("C) (min) sis (%) Products (RF, tlc solvent)' 

8 Pyro 0.01 M HCl-HzO 80 1 0 None 
8 Pyro 0.01 M HCl-H20 80 5 > 50 Manb(0.27, B; 0.45, C;  0.32, E), 

Cit-PP(0.14, B; 0.53, E)  deriv- 
ative of Cit-PP(O.lO, B) 

8 Pyro 0.1 M HC1-H20 85 5 100 Man, Cit-PP, Cit-Pc(O. 46, B) 
8 Pyro 0.1 M HCl-HZO 85 60 100 Cit-P, P ,~(o.  0, all solvents) 

10 Mono 0.01 M HC1-H20 80 1 0 None 
10 Mono 0.01 M HC1-H20 80 5 > 50 Man,b Cit-P, derivative of Cit-P 

(0. 37, B)e 
9 Pyro CHCl,-CH,OH-O. 08 M HC1 80 5 >95 Man, bMe-Man,f Dol-PP (0.14, A; 

9 Pyro  CHC1,-CH30H-0.08 M HC1 80 60 100 Man, Me-Man,f Dol-P 
(10: 10:3) 0.58, E)  Dol-Pc (0.63, A; 0.76, E )  

(10:10:3) 

a Abbreviations: Man, D-mannose; Man-P, a-D-mannopyranosyl phosphate; Mg-Man, methyl D-mannopyranoside; Cit-P, 
citronellyl phosphate; Cit-PP, citronellyl pyrophosphate; Dol-P, dolichyl phosphate; Dol-PP, dolichyl pyrophosphate; PI, 
inorganic phosphate. * No detectable Man-P (0.23, C; 0.19, E; anisaldehyde and phosphate sprays). Only a trace obtained. 
d Detected with phosphate spray. e See Warren and Jeanloz (1973~) .  f Migrates ahead of Man in C and E. 

the latter moiety acting as an efficient leaving group. 6- 
Linked derivatives of D-mannose, such as dolichyl 0-D-man- 
nopyranosyl phosphate (Herscovics et al . ,  1974; Warren, 
C. D., Liu, I. Y., Herscovics, A., Wedgwood, J. F., and 
Jeanloz, R. W., unpublished results), can form a 1,2-phos- 
phate on treatment with alkali. However, the leaving group 
is in this case an alcohol (dolichol) and the conditions nec- 
essary for hydrolysis are much more vigorous. 

The glycosyl phosphate bond in P '  -2-acetamido-2- 
deoxy-a-D-glucopyranosyl P -dolichyl pyrophosphate 
(Warren and Jeanloz, 1974) was relatively stable under al- 
kaline conditions, presumably owing to the fact that the 
presence of an acetamido group a t  C-2 of the sugar residue 
results in a loss of electropositive character at C-I .  This 
would hinder nucleophilic attack by a hydroxyl ion at P- 1, 
and cleavage of the 0- 1 -P bond. Also, the possible alterna- 
tive mechanism for the hydrolysis of the a-linked D-man- 
nose derivative, in which trans attack by the C-2 hydroxyl 
group leads to the formation of a 1,2-anhydro derivative 
(which may undergo further reaction) with expulsion of the 
dolichyl phosphate moiety, is obviously ruled out in the case 
of the N-acetylglucosamine compound. 

Experimental Section 
Materials. Citronellal was a gift of Dr. F. W. Hemming, 

dolichol, of Dr. J. L. Strominger. Citronellol was prepared 
from citronellal (Warren and Jeanloz, 1973c), and PI -doli- 
chyl PI -diphenyl pyrophosphate (3), from 5 (Warren and 
Jeanloz, 1974). Dolichyl phosphate ( 5 )  was synthesized by 
the method of Wedgwood et al. (1974), 2,3,4,6-tetra-O- 
acetyl-Lu-D-mannopyranosyl phosphate (1) by the method 
of Warren and Jeanloz (1973b), and dolichyl a-D-manno- 
pyranosyl phosphate by the method of Warren and Jeanloz 
(1973a,c). All other compounds were obtained from the 
commercial sources indicated. 

General Methods. Optical rotations were determined in 
1-dm semi-micro tubes with a Perkin-Elmer Model 141 po- 
larimeter. Infrared (ir) spectra were recorded with a Per- 
kin-Elmer spectrophotometer, Model 237. The cation ex- 

change resin used was AG50W-X8 (200-400 mesh, Bio- 
Rad Laboratories, Richmond, Calif.). In all cases, the 
amount of resin used was in at least a twofold excess over 
the necessary quantity to obtain complete ion exchange. 
Evaporations were carried out under reduced pressure, with 
an outside bath temperature kept below 30'. The microana- 
lyses were performed by Galbraith Laboratories, Inc., 
Knoxville, Tenn. Toluene and pyridine were dried over cal- 
cium hydride before use. 

Chromatographic Methods. Tlc was performed on pre- 
coated plates of Silica Gel G (E. Merck A.G., Darmstadt, 
Germany) or Cellulose F (Merck) used without pretreat- 
ment; the plates supplied were 20 X 20 cm and were cut to 
a length of 6 cm before use. In experiments where one or 
more of the samples were applied to the plate in aqueous so- 
lution, all the other spots were treated with water (1-2 p1) 
before the plate was dried in a current of air. RF refers to 
tlc on silica gel, unless otherwise stated. Preparative tlc was 
carried out on precoated plc plates, Silica Gel F 254 
(Merck). The spray reagent used, unless otherwise stated, 
was anisaldehyde-sulfuric acid-ethanol (1 : 1 : 18) (Dunphy 
et al . ,  1967), and the plates were heated to 125'. Unsatu- 
rated bonds were detected with 1% aqueous potassium per- 
manganate in 2% aqueous sodium carbonate, and phosphate 
groups with the reagent described by Dittmer and Lester 
(1964). Solvents A, B, and C for tlc were: chloroform- 
methanol-water (60:25:4), (60:35:6), and ( I  0:10:3), respec- 
tively; other solvents were (D) 2,6-dimethyl-4-heptanone- 
acetic acid-water (20:15:2), (E) 2-propanol-15 M ammo- 
nium hydroxide-water (6:3:1), (F) chloroform-methanol- 
15 M ammonium hydroxide-water (65:35:4:4), and (G) I -  
propanol-1 5 M ammonium hydroxide (1 : 1); all proportions 
are v/v. Reversed phase tlc was carried out on Kieselguhr F 
(Merck), the plates being impregnated with a solution of 
5% liquid paraffin in hexane. 

Citronellyl Phosphate (4). Citronellol (0.3 g) was dis- 
solved in acetonitrile (25 ml) and treated with trichloroace- 
tonitrile (2.5 ml) and bis(triethy1ammonium) phosphate 
(1.3 g; Popjak et al., 1962). The mixture was stirred until 
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all solid had dissolved, and the solution was kept a t  room 
temperature for 2 hr, when tlc (solvent B) showed the pres- 
ence of citronellyl phosphate (RF 0.46) and pyrophosphate 
(RF 0.14) as well as unchanged citronellol (near solvent 
front). The mixture was poured into ether (100 ml) and ex- 
tracted three times with a solution of 10% pyridine in water 
(20 ml). The combined aqueous extracts were evaporated, 
the residue was dissolved in methanol (20 ml), and the solu- 
tion was treated with ether (200 ml). After being kept over- 
night, the clear supernatant was decanted from a syrupy 
precipitate and evaporated, to give a mixture (0.4 g) of ci- 
tronellyl phosphate (4) and citronellyl pyrophosphate (pyri- 
dinium forms). TIC (solvent B) showed that the ratio of 
mono- to pyrophosphate was approximately 5: 1 and that the 
product contained residual inorganic phosphate (at origin). 

In order to recover the unchanged citronellol, the ether 
solution (100 ml, after extraction with aqueous pyridine) 
was washed with saturated aqueous potassium chloride so- 
lution, dried (MgS04), and evaporated. The solid residue 
was triturated with hexane, filtered off, and washed with 
more hexane. The combined solutions were kept overnight 
a t  room temperature, decanted from precipitated solid, and 
evaporated to give citronellol (0.2 g), identical by tlc (tolu- 
ene-methanol 49:l)  with the starting material ( R F  0.3).  

Compound 4 (mixed with citronellyl pyrophosphate) was 
compared chromatographically with a noncrystalline sam- 
ple of citronellyl phosphate prepared by the o -phenylene 
phosphorochloridate method (Warren and Jeanloz, 1 9 7 3 ~ ) .  
In each of the three solvents used, the major component of 
each product cochromatographed, RF 0.46 (solvent B), RF 
0.6 (solvent D), and RF 0.73 (solvent E). Both products 
contained minor components, which also appeared to be 
identical, while only compound 4 contained an appreciable 
proportion of citronellyl pyrophosphate, RF 0.14 (solvent 
A), 0.08 (solvent D), and 0.53 (solvent E). 

P'-Citronellyl P2-Diphenyl Pyrophosphate (2). Citronel- 
lyl phosphate (4, crude, mixed with citronellyl pyrophos- 
phate, pyridinium form, 0.4 g, obtained from 0.1 g of citro- 
nellol) was dissolved in methanol and treated with tribut- 
ylamine (0.4 9). Evaporation, followed by three additions 
and evaporations of toluene (2 ml), gave citronellyl phos- 
phate (crude, tributylammonium form), which was dis- 
solved in 1,2-dichloroethane (5 ml) and treated with a fur- 
ther quantity of tributylamine (0.4 g). The solution has 
cooled to - 10" and a solution of diphenyl phosphorochlor- 
idate (0.4 g, Aldrich Chemical Co., Inc., Milwaukee, Wis.) 
was added dropwise with stirring, under anhydrous reaction 
conditions. After the solution had been kept for 2 hr a t  
room temperature, tlc (chloroform-methanol, 5: I ) showed 
the formation of a product (RF 0.8), together with traces of 
slow-running materials. Methanol (4 ml) was added, and 
after a further 30 min a t  room temperature, the mixture 
was evaporated. Three additions and evaporations of tolu- 
ene gave syrupy compound 2. Examination by tlc of a solu- 
tion of compound 2 (a nonallylic diphenyl pyrophosphate, 
RF 0.8, chloroform-methanol, 5:l)  in anhydrous pyridine 
indicated immediate conversion into at  least two products 
( R F  0.1-0.2), no starting material remaining after 2 min at  
room temperature. 
PI -Citronellyl P2-2,3,4,6-Tetra-O-acetyl- a -  D-manno- 

pyranosyl Disodium Pyrophosphate (6).  2,3,4,6-Tetra-O- 
acetyl-a- D-mannopyranosyl phosphate (1, pyridinium 
form, 25 mg) was converted into the tributylammonium 
form by the method described for 2-acetamido-3,4,6-tri-O- 
acety~-2-deoxy-a-D-glucopyranosyl phosphate (Warren and 
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Jeanloz, 1974). A mixture of compound 1 and compound 2 
(from 12.5 mg of citronellol) was dried by three additions 
and evaporations of toluene, then dissolved in a mixture of 
1,2-dichloroethane (0.5 ml) and pyridine (5 mg), and kept 
at  room temperature for 48 hr. A small sample treated with 
a cation-exchange resin (pyridinium form), and examined 
by tlc (solvent B), showed that compound 2 (RF 0.95) had 
been almost completely converted into a new product ( R F  
0.64), together with a small proportion of compounds hav- 
ing lower mobility (possibly derived from citronellyl pyro- 
phosphate). The main product did not cochromatograph 
with citronellyl phosphate, RF 0.46; therefore, the reaction 
solution was diluted with chloroform (20 ml), and extracted 
three times with water (5 ml) in order to remove the excess 
of compound 1, dried (MgS04), and evaporated to yield a 

, I I I 
0- C)Ph 0- 0- 

2 . R = a  4. R = 21 

3. R = I) 5. R = 1) 
1 

0- 0 
6. K = a: R' = Ac 
7. R = b:  R = .4i 

9. R = b. R' = H 
S R = a : R ' = H  

0 
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('H (" 

I I 
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I" 4 i f3  
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crude product (1 30 mg) containing compound 6. Prepara- 
tive tlc in solvent B, on two plates (20 X 20 cm and 6 X 20 
cm) gave a band containing 6 located with the phosphate 
specific spray (this was the lower of the two bands giving a 
positive phosphate reaction-the upper one containing di- 
phenyl phosphate). The silica gel was removed from the 
plate, extracted by stirring overnight with solvent C,  fil- 
tered off, and washed, and the combined filtrates were 
evaporated to dryness. The residue was extracted with chlo- 
roform-methanol (5: 1 ), and filtration and evaporation gave 
compound 6 (14 mg, tributylammonium form) as a syrup, 
showing a single spot on tlc in solvent B (RF 0.64), solvent 
A (RF  0.39), and solvent D (RF  0.43), together with a trace 
of material having a lower RF (in solvents A and B),  and a 
higher RF (in solvent D), after spraying with the anisal- 
dehyde, potassium permanganate, and phosphate specific 
reagents. For further characterization, compound 6 was 
converted into the sodium form by passage of a methanolic 
solution through a small column of a cation-exchange resin 
(pyridinium form). and by stirring the solution (and metha- 
nol washings from the resin) with a cation-exchange resin 
(sodium form) for 48 hr at  room temperature. The resin 
was filtered off on a sintered glass, and washed with metha- 
nol. Evaporation of the combined filtrates gave a solid resi- 
due, which was dissolved in chloroform-methanol (5: 1 ) .  
The solution was filtered and evaporated to yield 6 (diso- 
dium salt, 12 mg), a slightly hygroscopic solid: mp 174- 
175"; [ o ( ] ~ ~ D  +26" (c 0.5, methanol); ir spectrum v m a x K H r  
2960 (CH3, stretching), 2930 and 2860 (CH?,  stretching). 
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1750 (C=O, acetyl), 1375 (CCH3), 1225-1260 [P=O, 
0-C-(C=O)], 1160 and 1130 (CH3CCH3), 1070 and 
1035 (CH2-C-O-), and 940 cm-' (P-0-P). Anal. 
Calcd for C24H38Na201&- 1.5H20: C, 40.17; H ,  5.90; P, 
8.63. Found: C, 39.90; H, 5.45; P, 8.88. 

P1 -Citronellyl P 2 -  a- D-Mannopyranosyl Disodium Py- 
rophosphate (8). Compound 6 (24 mg, disodium or pyri- 
dinium salt) was dissolved in methanol and treated with 1% 
sodium methoxide in methanol until a strongly basic solu- 
tion was obtained. After the solution had been kept at room 
temperature for 30 min, tlc showed that all the starting ma- 
terial (RF 0.64, solvent B) had been converted into a new 
product (RF 0.23). TIC also indicated the presence of traces 
of contaminants; therefore, the methanolic solution, without 
treatment with a cation-exchange resin, was applied to a 
preparative tlc plate (20 X 6 cm) that was developed in sol- 
vent C. The band containing the deacetylated compound 8 
was located by the phosphate specific spray, and the extrac- 
tion of the product from the silica gel was performed as de- 
scribed for the preparation of 6. Evaporation of the extract 
gave a solid residue that was triturated with chloroform- 
methanol ( I : ] ) .  The resulting solution was filtered (sintered 
glass) and evaporated to give a slightly hygroscopic solid 
(12 mg, 48 mg from 100 mg of citronellol) with no definite 
mp, but decomposing slowly above 168': [a]24D +38O (c 
0.6, methanol); ir spectrum vmaxKBr 3400 (OH), 2935 and 
2860 (CH2, stretching), 1600 (C=C, stretching), 1375 

adjacent to a saturated residue), and 930 cm-l (P-0-P); 
for tlc, see Table I. Anal. Calcd for C16H30Na2012P2 - 
1.5H20: C, 34.99; H, 6.01. Found: C, 34.70; H ,  5.82. 

P1-Dolichyl P2-2,3,4,6-Tetra-O-acetyl-a-~-mannopy- 
ranosyl Pyrophosphate (7). A mixture of 2,3,4,6-tetra-O- 
acetyl-a-D-mannopyranosyl phosphate (1) (tributylammo- 
nium form, prepared from 20 mg of 1, pyridinium form) 
and P1-dolichyl P2-diphenyl pyrophosphate (3) (tribut- 
ylammonium form, prepared from dolichol, 28 mg) was 
dried by three additions and evaporations of toluene (2 ml), 
dissolved in a mixture of 1,2-dichloroethane (0.4 ml) and 
pyridine (4 mg), and kept for 48 hr at room temperature. 
TIC (solvent A), performed as described in the preparation 
of 6, showed the formation of a product (RF 0.59) but also 
indicated the presence of several other compounds having 
higher mobility. The major spot had the same RF as the 
starting material 3, but was not transformed by a prolonged 
treatment with an excess of 1. The tlc did not separate the 
product ( R F  0.59) from dolichyl phosphate (RF 0.63), 
therefore a second tlc was performed in solvent D which 
showed that the product (RF 0.62) and dolichyl phosphate 
(RF 0.71) were both components of the reaction mixture, 
the proportion of the latter being approximately 10% of that 
of the main product. The reaction solution was diluted with 
chloroform (20 ml) and extracted three times with water ( 5  
ml) in order to remove the excess of 1. The chloroform solu- 
tion was dried (MgS04) and evaporated to yield a crude 
product (40 mg) containing compound 7. Purification was 
achieved by preparative tlc on a 20 X 10 cm plate in solvent 
A. The band containing 7 was located by spraying a narrow 
area near the center of the plate with (a) the potassium per- 
manganate spray and (b) the phosphate specific spray. It 
was essential to avoid confusion of this band with another 
one moving ahead of it which contained diphenyl phosphate 
(which gives an especially intense blue color with the phos- 
phate specific spray). The silica gel was removed from the 
plate and extracted with solvent C as described for the 

(CCH3), 1235 (P=O), 1145 (CH3CCH3), 1075 (C-0, 

preparation of compound 6. Evaporation gave a residue 
which was triturated with chloroform-methanol (5: 1). The 
resulting solution was filtered (sintered glass) and evapo- 
rated to give compound 7 (9 mg, tributylammonium form) 
as a syrup, showing a single spot on tlc (except for a trace of 
dolichyl phosphate) in solvent A (RF. 0.59) and solvent D 
(RF 0.62) with the anisaldehyde, potassium permanganate, 
and phosphate specific sprays: [aI2OD + 5 O  ( c  0.45, chloro- 
form-methanol 5: 1); ir spectrum v,a,film 2965 (CH3, 
stretching), 2930 and 2860 (CH2, stretching), 1745 (C=O, 
acetyl), 1450 (-CH2, -CH3), 1375 (CCH3), 1240 
[broad, P=O and 0-C-(C=O)], and 930 cm-I (P- 
o-P) . 

PI-Dolichyl P2- a- D-Mannopyranosyl Pyrophosphate 
(9). To a solution of 7 (6 mg) in chloroform-methanol (2:l)  
was added 1% sodium methoxide in methanol, until a 
strongly basic solution was obtained. After 30 min at room 
temperature, tlc (solvent A) showed that all the starting 
material (RF 0.59) had been converted into a new product 
(RF 0.18), and a small excess of a cation-exchange resin 
(which had been prewashed with chloroform-methanol 2: 1) 
was added and the mixture stirred overnight at room tem- 
perature. The resin was filtered off and washed with chloro- 
form-methanol (2:1), and evaporation, followed by three 
additions and evaporations of toluene, gave a syrup (9, 5 
mg, 7.5 mg from 28 mg of dolichol), showing a single major 
spot on tlc with the three spray reagents (Table I), as de- 
scribed in the preparation of 7, a faint spot corresponding to 
dolichyl phosphate, and one other very faint spot having a 
lower mobility than the main product: ir spectrum u , , , ~ " ~  
3350 (OH), 2965 (CH3, stretching), 2930 and 2860 (CH2, 
stretching), 1725 (unassigned-this peak is also present in  
dolichyl phosphate and in dolichyl a-D-mannopyranosyl 
phosphate), 1450 (-CH2, -CH3), 1375 (CCH3), 1240 
(P=O), 1070 (C-0, adjacent to a saturated residue), and 
930 cm-l (P-0-P). Anal. Calcd for C I O I H I ~ ~ O I ~ P ~ :  c, 
74.13; H ,  10.31. Calcd for C101H167012P2 CHC13 - 
2(CH30H):  C, 68.66; H ,  9.77. Found: C, 68.60; H, 10.19. 

Chromatographic Comparison of Compound 9 with Dol- 
ichyl a-D-kfannopyranosyl Phosphate (1 l).  Compounds 9 
and 11 were compared by tlc in solvents A, B, D, E, and F 
(see Table I), and also by chromatography on DEAE-paper 
(Whatman DE81, acetate form) in solutions of ammonium 
acetate (0.05-1.0 M) in methanol. The paper was immersed 
in glacial acetic acid for 24 hr, washed six times with meth- 
anol, and dried before use. The spots were revealed with the 
phosphate specific spray. The phosphate diester 11 and py- 
rophosphate diester 9 were well separated at all salt concen- 
trations. Although separations were best in the range of 0- 
0.2 M NH40Ac in methanol, streaking of the spots was 
most serious at low concentrations, therefore a range of 
0.3-0.5 M is preferred. When RF was plotted against loga- 
rithm of salt concentration, a straight line was obtained for 
both compounds over the range of 0.2-1 M NH40Ac (Fig- 
ure 1). 

Dolichyl Pyrophosphate. A mixture of dolichol (4 mg), 
acetonitrile (1.5 ml), toluene (2 ml), trichloroacetonitrile 
(200 PI), and bis(triethy1ammonium) phosphate (100 mg, 
Popjak et al., 1962) was stirred overnight at room tempera- 
ture. The reaction mixture was treated with pyridine in ex- 
cess (1 ml) and evaporated. Toluene (2 ml) was added and 
evaporated three times, to give a residue which was dis- 
solved in methanol (0.2 ml). Ether (2 ml) was added, and 
after 1 hr the clear supernatant was decanted from the resi- 
due and evaporated to yield a crude product (5 mg). For tlc, 
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AMMONIUM ACETATE, M 
F I G U R E  1 : Relationship of the chromatographic mobility of dolichyl 
a-D-mannOpyraIIOSyl pyrophosphate (9) (0 )  and phosphate (11) (0) 
on DEAE-paper with log of molar concentration of ammonium acetate 
in  methanol. 

the product was triturated with hexane, and the resulting 
suspension was filtered and examined in solvent F to show 
two spots (RF 0.18 and 0.29), the latter migrating with doli- 
chyl phosphate that had been prepared by the o-phenylene 
phosphorochloridate method (Wedgwood et ai., 1974), to- 
gether with unchanged dolichol (at  solvent front). The mix- 
ture of compounds was chromatographed on a tlc plate (20 
X 5 cm) (not a thick-layer plate) in solvent F. Three bands 
corresponding to the three components of the mixture could 
be located with the potassium permanganate spray. Extrac- 
tion of the upper band with chloroform-methanol (5:l) 
gave dolichol (1.5 mg), and extraction of the two lower 
bands with solvent C gave a low yield of (a) dolichyl phos- 
phate and (b) dolichyl pyrophosphate (pyridinium form). 
Dolichyl phosphate and pyrophosphate were separated by 
tlc in solvents A, F, D, and E, but dolichyl pyrophosphate 
gave some streaking in A (RF 0.14) and serious streaking in 
D (RF 0.66) and E (RF 0.58). 

Acid and Alkaline Hydrolysis of Compounds 8, 9, 10, 
and 11. For details of the experiments, see Tables I1 and 
111. For each hydrolysis (unless otherwise indicated) 1 mg 

of synthetic mono- or pyrophosphate diester was dissolved 
in 0.2 ml of solvent and the mixture heated in a sealed tube. 
After a brief acid hydrolysis (1 -5 min), solutions were neu- 
tralized with 1% sodium methoxide in methanol before ex- 
amination by tlc. 

Acid Treatment of Citronellyl Phosphate and Citronel- 
lyl Pyrophosphate. A mixture of the two compounds (1 
mg) in 0.1 M HCI (0.2 ml) was kept a t  85" for 1 hr when tlc 
(solvent B) showed that all the citronellyl pyrophosphate 
(RF 0.14) had been converted into citronellyl phosphate 
( R F  0.46) and inorganic phosphate (RF 0.0, phosphate 
spray). TIC in toluene-methanol (49:l) showed that no ci- 
tronellol had been formed. 

Acid Treatment of Dolichyl Pyrophosphate. A solution 
of the compound (0.1 mg) in a mixture of chloroform- 
methanol-0.8 M HCI (10:10:3; 20 1.1) was kept a t  80" for 1 
hr in a sealed tube, when tlc (solvent A) showed that all the 
starting material (RF 0.14) had been converted into doli- 
chyl phosphate (RF 0.63) and inorganic phosphate ( R F  0.0, 
phosphate spray). 

Comparison of the Products of Alkaline Hydrolysis with 
I ,6- Anhydro- P- D-mannopyranose. 2,3,4-Tri-O -acetyl- 
1,6-anhydro-P-D-mannopyranose (0.5 mg) was treated with 
an excess of a solution of 1% sodium methoxide in metha- 
nol, for 30 min at  room temperature. After the addition of 
cation-exchange resin (pyridinium form) to give a neutral 
solution, tlc (solvent B) showed that 1,6-anhydro-P-~-man- 
nopyranose (RF 0.64) was not a product of the alkaline hy- 
drolysis of compounds 10 and 8 under any of the conditions 
employed. 

Identification of Dolichol as a Product of Hydrolysis. 
The products of acid and alkaline hydrolysis of compound 9 
and alkaline hydrolysis of compound 11 showed minor com- 
ponents with the approximate mobility of dolichol (Rp 0.4) 
on tlc (toluene-methanol, 49: 1). Therefore, a further coni- 
parison was carried out by reversed phase tlc in acetone 
(Dunphy et ai., 1967), which showed that the alkaline hy- 
drolysate of 11 contained a t  least three of the isoprenologs 
that comprise pig-liver dolichol, i.e., (290, (295, and (2100, the 
most intense spot (C95) having RF ca. 0.3. This suggests 
that a small proportion of a-D-mannopyranosyl phosphate 
had been formed in the alkaline hydrolysis of 11. The other 
hydrolysates were shown by reversed phase tlc to contain no 
dolichol. 

Table 111: Alkaline Hydrolysis of Citronellyl a-D-Mannopyranosyl Pyrophosphate (8) and Phosphate ( 10) and Dolichyl 
a-D-Mannopyranosyl Pyrophosphate (9) and Phosphate ( 11) .* 

____ 
Phos- Time Hydroly- 

Compd phate Solvent (min) sis (%) Productsb 

8 Pyro 
8 Pyro 
8 Pyro 
8 Pyro 

10 Mono 
10 Mono 
9 Pyro 

11 Mono 

0.01 M NaOH-H,O 
0.1 M NaOH-H,O 
1 M NaOH-H,O 
1 M NaOH-H,O 
0.01 M NaOH-H,O 
0.01 M NaOH-H,O 
0 . 1  M NaOH-propanold 
0.1 M NaOH-propanold'f 

60 
60 
60 

120 
60 
60 

5 
5 

40 
80 

100 
100 

50 
95 

> 95 
100 

Cit-P, Cit-PP (1:3) 
Cit-P, Ci t -PP (1:1), Man-PC(R, 0.33, solvent G) 
Cit-P,  Cit-PP (3:2) 
Cit-P,  Cit-PPc 
Cit-P,  compound with R ,  similar  to ManC 
Cit-P 

Dol-P, compound with R, s imilar  to  Man,C 
Dol-P, Dol-PP, Pie 

dolic holC 

a All hydrolyses were performed at 100". b Abbreviations and RF values: see Table 11. c Only a trace of this obtained. Mix- 
ture (0.5 ml) of 1-propanol and 1 M NaOH ( 1 O : l ) .  e Detected with phosphate spray. f Neutralization with acetic acid did not 
alter this result. 
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Alkaline Treatment of D-Mannose. (a) In order to ex- 
plain the absence of D-mannose in the products of the alka- 
line hydrolysis of compounds 8 and 10, D-mannose (1 mg) 
was treated with 0.1 M NaOH (0.2 ml) a t  100' for 30 min. 
The solution turned brown, indicating decomposition, and 
tlc showed that D-mannose had been completely degraded 
to give a faint pink spot, RF 0.38 (solvent B), R,P 0.81 (sol- 
vent C),  and R F  0.72 (solvent E). 

(b) This experiment was carried out in an attempt to sim- 
ulate the conditions of the alkaline degradation of the D- 
mannosyl moiety liberated in the alkaline hydrolysis of 
compounds 11 and 9. D-Mannose (1 mg) was dissolved, by 
stirring, in a mixture of 1 .O M NaOH and 1-propanol (1 : 10, 
1.4 ml). A portion of the solution was withdrawn and neu- 
tralized with glacial acetic acid. The remainder was stirred 
at  80° for 5 min, then cooled to O', and neutralized with 
acetic acid. Tlc indicated that more than 95% of the origi- 
nal sugar had been converted into substances which did not 
stain with the anisaldehyde spray, whereas the remainder 
was revealed as a group of faint spots moving near, or just 
ahead of, the position of D-mannose as detected with anisal- 
dehyde; these compounds reacted much more strongly than 
D-mannose with the potassium permanganate spray. The 
solution was evaporated and the residue dissolved in water 
and stirred with a cation-exchange resin (pyridinium form) 
for 30 min. The resin was filtered off, and the filtrate evap- 
orated, the residual acetic acid being removed by three ad- 
ditions and evaporations of toluene. The residue was exam- 
ined by cellulose tlc in 1-propanol-ethyl acetate-water (7: 
1:2), with standards of D-mannose and D-galacturonic acid 
( R F  0.2). Spots were detected with a spray consisting of a 
solution of Bromothymol Blue (0.1 g) in a mixture of etha- 
nol (80 ml) and water (20 ml), adjusted to give pH 10 by 
addition of I M NaOH. This showed that three acidic com- 
pounds were produced in the alkaline treatment of D-man- 
nose, two minor ones with very similar mobility ( R F  0.55) 
and a major product ( R F  0.75); D-mannose itself was not 
detectable with this spray. 

Alkaline Treatment of a- D-hfannopyranosyl Phos- 
phate. The compound (1 mg) was incubated at  looo with 
0.1 M sodium hydroxide solution for 3 hr, when tlc (solvent 
C)  showed that it was unaffected. This result suggests that 
only trace quantities of a-D-mannopyranosyl phosphate 
could have been formed in the alkaline hydrolysis of com- 
pounds 10 and 8. 
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