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Stereospecfic Synthesis of Cis — Alkenyl Thioethers of Mercaptolycerol
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Summary

Methods were developed to synthesize optically active mercaptoglycerol from optically active
isopropylidene glycerols.

1, 2 - Isopropylideneglycerol was tosylated and the tosyl group displaced with thiolacetate.
Base hydrolysis and oxidation gave 1, 1'- dithiobis - 2, 3~ isopropylidene - 2, 3 propanediof.
‘This compound could be used as a source of mercaptogiycerol, or reacted with 1 - decenyl
lithium to form cis—1-S-dec-1'enyl -2,3~ isopropylidene - 1 -mercapte - 2, 3- propanediol, The
latter is a stereospecific synthetic route to cis-alkenyl thioethers of protected mercaptogly-

cerol,

logenase.
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and it may be useful for the preparation of a thioplasmalogen substrate for plasma-

INTRODUCTION

A rapid and convenient enzyme assay would
be of clinical importance.Plasmalogenase is
the enzyme that hydrolyzes the enolether lin-
kage of plasmalogens to produce fatty aldehyde
and lysophospholipid (Ansell and Spanter,
1965). It was described the use of sulfur
substituted analogs of phospholipids as sp-
ectrophotometric substrates for phospholi-
pase Al and C (Cox et al., 1979), These
analogs contain thioesters and thiophosphoester
bonds, and when hydrolyzed by the enzyme they

release thiols that react with colorimetric



thicl this
reported for acetylcholinesterase,

reagents, The assay of ype was
phospholi -
pase, and plasmalegenase (Ellman et al., 1961
; Aarsman and van den Bosch, 1977; Aarsman
et al., 1976).

The organic synthesis of plasmalogens is a
difficuit problem (Paitauf, 1973). Besides the
presence of two centers for isomerism, the
asymmetric C-2 carbon of glycercl and the
cis - double bond of the enclether linkage, the
group severely

that can be

acid lability of the enolether
restricts the types of reactions
emploved, Hirsch (1976) prepared acis/ trans
mixture of the 1-heptenyl thioether of mer-
captoglycerol by reaction of the Lis NH;

reduction product of 1- ethylthioheptene with
1 -bromo -2, 3-propancediol, Because of the
vast array of reactions in sulfur chemistry,
it seemed probable that an alternative route
could be devised that
cis - isomer, This study was carried out

would vield only the
to
take adventage of the configurational stahility
of cis-1-alkenyl lithium compounds and their
reaction with disulfides to producecis-1-5~
dec-1'~enyl -2, 3- isopropylidene~1- mer-

capto - 2, 3 - propanediol,

MATERIALS AND METHODS

The chemicals were purchased from the fol -
lowing companies : n-Buli
(Aldrich Chemical Co., Mitwaukee, Wisconsin)
; mercaptoglycerol (Evans Chemetics, Darien,

and catecholborane

Connecticut ) ; thiclacetic acid (Eastman Org-
anic Chemicals, Rochester, New York) : Li

metal (Ventron Co., Beverly, Massachusetts).
Tetrahydrofuran and dicthyl ether were refluxed
for 2 hours over Na chips prior to distilat-
ion, Methylene chloride ( CH,Cly) was dried
over CaS0,, distilled, and

molecular sieve,

collected over

Infrared spectroscopy was performed on a
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Beckman Model 4230 IR  Spectrophotometer,
and GC/MS was performed on Hewlett Pac-
kard [P 5985. Analytical GLC was done with
a Varian Aerograph Model 920 Gas Chroma-
tograph equipped with a columm of 15 % eth-
80/
100 mesh, Gas [low rate was 60 ml/ min and

vlene glycol succinate on Gas Chro P,

ali runs were isothermal.

One mol glycerol was dissolved in 2 mot

acetone and 700 ml benzene. p-Toluenesuli
nic acid (2 g) was added the solution refluxed
overnight with a Dean Stark trap. After ro-
tary evaporation of the solution to a viscous
oit, 400ml pyridine and (. 95mo! p - toluenes
ulfonyl chleride were added. The mixture was
stirred for two days and then added to diethyl
and the
twice with one portion of water, 500ml 5 %
NaHCQ 3, and 500ml saturated NaCl. The ether

phase was filtered through Na,S0,, dried o-

ether resulting mixture extracted

ver CaS0,, filtered and rotary evaporated to
give a yellow oil solidified on standing,

Thioacetic acid (1.32 mol } was added dropwise
to a 40 % solution of KOH in methanot (1.32
mol KOH) cooled in an ice bath. Solvent was
evaporated with several additions of benzene
The

and heated to reflux. The

to remove water.
i 1, 51 ethanol

residue was taken up

tosylated isopropylidene glycerol {1.0 mol)was
added and the solution refluxed for] hour, It
was then cooled in an ice bath and suction
filtered through a Buchner funnel. The filte-
rate was rotary evaporated and taken up in
400ml water. A reddish oil separated out as
off . The

three times with
diethyl ether, and the combined organic

a lower phase and was drained
aqueous phase was washed
200ml
phases were extracted with 150ml
NaCl. The ether was evaporated from a one
20 % NaOH

added for overnight thioester hydrolysis. The

saturated

round bottomed flask and 400ml

aqueous solulion was then exiracted with
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200ml  diethyl ether to remove any material
insoluble in aqueous base, and the aqueous
phase was sampled for sulfhydryl group det -
ermination with 5, 5'~ dithiobis - 2 - nitroben -
zoic acid (DTNB). It was found
0. 54 mol sulfhydryl groups. 027 mol of I, was

to contain

added. A dark brown oil separated during the
reaction and was collected by draining the
lower aqueous phase off through a separatory
Distillation of the oil
vacuum jacketed Vigreaux column gave around
46g of a pale vellow oil (Fig. 2). The IR
to

Funnel . through a 10cm

spectrum of the yellow oil was identical
isopropylidene glycerol except for the absence
of hydroxyl absorption bands. The molecuiar
weigh! was estimated at 303 on the basis of
sulfhydryl groups liberated by Zn2+*; HCI

reduction. Thus, the ﬁale yvellow oil which is
1, 1'-dithiobis -2, 3 - isoprapylidene -2, 3 -

propanediol (Fig. 2) was vielded around 30%
of the total

To prepare cis-1-S-dec-1'-enyl -2, 3-

solution used,

isopropylidene - 1 -mercapto - 2, 3 -propanediol
(Fig. 3) using n-BuLi, cis - 1 - decenyl

bromide (10 mol) was placed in a flame dr-
ied, Ar atmosphere, three neck flask equi-
pped with a gas inlet and rubber stopple.
Dry THE (20 ml) was transferred in to the
flask with a double ended needle and cooled
to -70C. While rapidly stirring, 5.95ml
Buli (L 6M) was added dropwise over a 20
minute perviod. Stirring was continued for 1
hour at - 70°C and the disulfide (Fig. 2) of
10 mmol added dropwise.

n-

After stirring for

an additional hour, the flask was warmed to
room temperature and the contents transferrt-
ed to a separatory funnel with 100m! hexane.
50 mt

the organic phase was dried over Na,-

After washing with three portions of
water,
504,

{Fig,

and evaporated to give 4g of yellow oil
3.
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RESULTS AND DISCUSSION

Sulfur substituted analogs of some glycero-
lipids have been chemically prepared and used
to spectrophotometrically assay phospholipases
A
C, and monoglyceride

including plasmalogenase and phospholipase
lipase (Fig. 1). The
first step in this synthesis was the prepar-
disulfide of isopropy -
2). The sulfide

in a reaction pathway

ation of the symmetrical
lidene mercaptoglycerol (Fig.
is an intermediate
proposed to provide optically active mercap-
toglycerol, which was warranted by successful
assays of other phospholipases with thioester
1976). The

tosylate of rac-1, 2- isopropylideneglycerol

substrates (Aarsman et al .,

was prepared as described by Sowden and
Fisher (1942) and displaced the tosyl group
with thiolacetate in refluxing ethanol. Rather
than work up the product at this stage, the
acetate thioester was hydrolyzed in strong

base to give the sodium thiolate salt of rac -
1 mercapte -2, 3 - isopropylidene-2, 3 pro-
panediol . Unreacted material was removed at
this point by ether extraction, and since the
the disulfide

was formed #n sifu by I, oxidation. The pro-

condition were already alkaline,

duct separated as an insoluble oil that was
collected and distilled in 31 %

Starting from racemic glycerol,

overall vield,
a pair of
diastereomers is formed (Fig, 2), and this
may account for the broad boiling point, sn-
1-Mercaplo or sn-3-mercaptoglycerols can
1,2-
After the com-

be prepared by starting from 2, 3-or
isepropylidene - sn ~ glycerol .
pletion of this work, a full paper describing
the synthesis of optically active
glycerol using the same synthetic route was

mercapto

communicated by Gronwitz et al, (1978).
Because of the low percentage of side re-

actions during the reaction of alkynyl lithium



compounds with disulfides to form alkynyl th-
ioethers, it could be stereospecifically red-
uced to the cis-alkenyl thioether (Fig. 3)
by making another initial compound. When the

thioether was reacted successively

atkynyl
with disiamylborane and acetic acid for the
reduction of alkynes to cis-alkenes, several
products were formed. Preparative TLC and
IR analysis indicated the presence of about
20% of unreacted starting material and about
an equal amount of a compound that migrated
immediatety behind the alkynyl thioether,
stained more intensely with I, vapor, and
contained a double bond. This material was
confirmed to be the alkenyl thioether ( Fig. 3)
A cleaner reaction yielding the alkenyl th-
ioether as the main produa was the reaction
the disulfide

(Fig. 2). Starting with deceny! bromide that

of cis-1-decenyl lithium with
was greater than 999% cis, the alkenyl thio-
ether was assaved in the drude reaction
mixture as 91% cis. Some of the alkynyl
thicether was also formed, presumably by
reaction of the decenyl lithium with unreacted
deceny! bromide causingelimination of HBr to
form the alkyne. Abstraction of the acidic
alkynyl proton by a second decenyl lithium

molecule vielded the alkynyl lithium interm-
ediate. Thus, a maximum of 3 mol of decenyl
lithtum is lost in the formation of 1 mol of
alkynyl lithium. To make matiers worse, the
two products are so similar that the separ-
ation reqguires careful and repeated column
chromatography. After two columns of silicic
acid, the cis-alkenyl thicether (Fig. 3)

was isolated in about 25% vyield and conta-
ined 0.7% alkynyl thioether and 59% trans-
isormer. The abifity of simple column chrao-
matography to separate these compounds, which
are structurally quite similar, is probably due
1ts

the

to the position of the unsaturation and

contribution to the overall polarity of
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molecule. These compounds possess only two

functional groups that allow absorption to

silica gel.‘These are the isopropylidene g-
roup and the unsaturation - thioether linkage,
The position of the unsaturation is such that

it may affect imteraction of the chromato -

graphy support with the isopropylidene group,

Thus, there is even some resolution of the
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Fig. 2. Synihetic scheme for acetonated mercapto-
glycerof disuifide.
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cis and trans isomers after two silicic acid

columns., Separation of alkynyl and alkenyl

thioethers may result from the different re-

is removed, the polarity of the glycol group
is likely to dwarf any contribution from the

unsaturated thioether linkage and prevent

sonance contribution of the sulfur in alkynyl separation of alkynyl and alkenyl thicether
compared to alkenyl thioethers (Silverstein (Fig. 3).
et al,, 1974). Once the isopropylidene group
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