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ABSTRACT

A regenerable polystyrylboronic acid resin has
been prepared for the selective functionalization of
nolvols. The resin reacts with a diol groun of a polyol
to form a resin-bound cyclic boronate. Both the coupling
and cleavage steps are performed under very mild conditions
(removal or addition of water) and the resin is regenerated
directly by the cleavage step.

Vionoacyl derivatives of some acyclic polyols
and some partially acylated carbohyvdrate derivatives have
been prepared efficiently on the resin without the need

for any purification of intermediates. 1In addition, the

polystyrylboronic acid resin which exhibits a high selectivity

for cis diol systems, can be used in the separation of cis
and trans diol mixtures such as the cyclohexanediols by

affinity chromatogranhy.
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INTRODUCTION

New applications of polymers in organic synthesis
have resulted from the development of the so0lid phase method

1

of synthesis by Merrifield™ in the early sixties. Thus in

recent years polymers have been used as supports in seguential

4-6

syntheses of polypeptidesZ’B, polynucleotides and

?

polysaccharides’, as reagents or protecting groups in simple
organic reactions and as supports for catalysts. In all

these applications the advantages assoclated with the use

of volymers are related to their insolubility in the reaction
mixture.

In a reaction involving a polymeric reagent , a
large excess of the polymer can be used to ensure maximum
conversion without adversely affecting the separation of
the desired product from the reaction mixture. The excess
reagent and the polymeric by-products can be eliminated by
filtration, leaving the desired product in the filtrate.

In a reaction involving a polymer as a protecting
group , the starting material is attached covalently to the
polymer while any unreacted material and other by-product
can be washed from the polymer. The polymer-protected
product then remains attached to its support through -one
or more synthetic steps, which can sometimes be carried out
in "one pot" without intermediate purifications, until it
is finally removed by action of a suitable reagent. The

desired product is thus obtained in the soluble phase while

[ER I R
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2
the insoluble polymer is removed by filtration.

Cther advantages include the possibility of using
polymers as "high dilution reagents"8’9 and the quantitative
recovery and regeneration of the polymer, via a simple
reaction, after its use.

Among the protecting groups available for diols,
boronates are 1ittle used due to their instability and
difficulty of isolation. A brief review of the literature
indicates that boronates could be useful in a number of
synthetic applications as alternatives to the benzylidene
and isopropylidene blocking groups. The use of boronates
in such cases would be facilitated by their attachment to
an insoluble polymer.

The boronate obtained by reaction of a diol with
an insoluble boronic acid should be easily separated from
excess reagent and by-products. In addition, reaction of
a polyol with a bulky polymer may be expected to yield
products different from those obtained from a low molecular
weight boronic acid. This may result in additional
advantages in selectivity of the reagent (choice of the site
of reaction). Finally a polymeric boronic acid should be
superior to its monomeric counterpart in its ease of
recovery and recycling after use.

The solid phase method of synthesis developed by
Merrifieldl’lo’ll for polypeptides involves attachment of
an amino acid to an insoluble polystyrene-type resin and

the extension of the peptide chain by sequential reactions




with amino acids.

The first step in such a synthesis is the attach-
ment of the terminal amino acid to the insoluble polymer
support. The link between them musit be sufficiently stable
to remain intact throughout the deblocking, coupling and
blocking reactions but sufficiently labile to be cleaved at
the end of the procedure without altering the sequence of
the newly synthesized peptide. The next step involves
the reaction between a monomer, with one of its reactive
centers blocked and the other available for coupling, and
the deblocked end of the polymer-bound substrate. After
each step the resin can be washed free of unreacted monomer
and by-products. The deblocking and coupling reactions are

repeated until the desired product has been obtained. In

order to ensure that the correct péptide has been synthesized,

it is essential that all of the reactions occur in 100%
yield. Finally, the peptide is cleaved from its polymer
suvport by treatment with a suitable reagent.

The terminal amino acid can be attached to the
polymer support in various ways. Usually attachment to
the resin is through the carboxyl group of the C-terminal
amino acid. In the original Merrifield procedure the link
was in the form of a modified p-alkylbenzyl ester.

Polystyrene resins are used almost exclusively
in polypeptide synthesis since they can be easily function-~
alized to the appropriate derivative. Also they can be

cross-linked to .form insoluble beads which are not degraded
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by the many chemical reactions and washings required to
make a long chain peptide. The resin used by Merrifield,
a polystyrene cross-linked with 1 to 2% divinylbenzene, was
chloromethylated with chloromethyl methyl ether to give a
substitution of 1 to 2 mmoles of functional group per gram
of resin, which corresponds to a degree of functionalization
of 0.12 to 0.30 (1).

SnCle

G1CH ,0CH, " ClCH2 * CH30H (1)

) 2

Attachment of an N-blocked amino acid to the
polymer support involves a nucleophilic attack of the
carboxylate anion on the chloromethylated resin (2). For
solubility reasons, the cesium salt of the amino acid is
generally used. The usual degree of substitution in the
reaction is 0.2 to 0.6 mmoles of amino acid per gram-of
polymer. Tert-butyloxycarbonyl (t-Boc) groups are the most

common amino blocking groups.

zZ l (2)

CH, 1-
G
CHB-Clt-O-C-I;I— lC-ﬁ-O-CHZ ®

CH HHO
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The next step involves the deblocking of the amino

group by treatment with acid, followed by neutralization of

the salt.
_ CH R
HC1 T ® It
2 —HE-!E_} P c N + CO2 + @NHB-(II-(ﬁ-—O—CHZ @ @
Cl H
CH3 CH3 0
EtBN (3)
1?1
NHZ-?—ﬁ—O-CH
HO
I
~

Coupling of the free amino group of 4 to the
carboxylic acid end of the next amino acid can be accom-
plished either by using a dehydrating agent such as
dicyclohexylecarbodiimide (DCC) or by reaction with an

activated acid derivative such as an acid chloride.

CH RZO

Lo, 3 140

~ CHB—?-O—%-ﬁ—?-C-OH + -N=C=N —_—
CH, O H H.

3
o m o '
CH,-C-0-C-N-C~C=-N-C-C-0-CH
3T 7w v 1 2 (%)
CH3 OHHOHHDO

5

'~
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The decoupling and coupling reactions with Boc-
amino acids are repeated until the desired polypeptide has
been synthesized. ¥Finally the polypeptide é is cleaved
from its solid support by a reagent such as HBr in tri-

fluoroacetic acid.
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The first polypeptide synthesized by Merrifield
in 1963 using this method was the tetrapeptide IL-leucyl-
L-alanylglycyl-L—valine2. Automation of the process by
Merrifield facilitated the synthesis of longer polypeptides

including, in 19692’ll

» the enzyme ribonuclease A, composed
of 124 amino acids. '
The apparatus designed by Merrifield for automated

synthesis of polypeptides12

is composed of two main parts:
a reaction vessel designed so that reagents and solvents
can be transferred from the storage area, mixed and removed
by filtration; and a programmer which regulates the various

operations.

There are many modifications to the basic procedure.

For example, the terminal amino group (rather than the
carboxyl group) could be attached to the solid support.

Letsinger13

prepared a chloroformyl derivative of poly-
sytrene from a hydroxymethyl-substituted resin and to it

attachéd the terminal amino group of the amino acid.




0
c1 g c1 Cﬁ
@—cu,08 - > (P—CH,0CCc1 —
. benzene ‘
7 8
R
0 H Ry |1
@ci il _ NH,-C~COOEt
2-0—C-N-(I)-C00Et ¢ i (5)

H

to

This procedure is inferior to carbonyl attachment in that
the protection against racemization given by the urethane
amino protecting groups (e.g t-butyloxycarbonyl groups)
is lost. In addition there can be loss of peptide chains
due to side reactions. |

Linkage of the terminal amino acid to the resin
through a side chain is also possible. There are several
advantages in this procedure. Firstly, attachment of side
chain functional groups to the resin could provide a specific
cleavage reaction. For example, if the mercaptan group of
cysteine were attached to the resin through a disulfide
bond, the polypeptide could be cleaved by disulfide inter-
change. Also a linkage with a side chain near the center
of the peptide would allow extension of the peptide at
either or both the amino and carboxyl ends. The major
disadvantage of the method is its specificity for a

particular amino acid which restricts 1its general application.
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There are many advantages to the solid phase
method of polypeptide synthesis. The losses of material
caused by transfer from one vessel to another are elimin-
ated. - The yields are improved by the use of simple washings
of the intermediates after each coupling step rather than
the normal isolation and purification techniques. The use
of excess reagents to force the reactions to completion
results in a relatively high yield of final product. The
major advantage of the solid phase method for sequential
synthesis is its adaptability to automation. Syntheses
normally requiring months or years to comvlete can be
finished in weeks by an automated system.

There are several disadvantages to the solid

phase method. It is difficult to determine the extent of

reaction of the polymer-bound substrate. If all the reactions

do not go to completion, the final polypeptide will be
contaminated with many peptides having incorrect and
shorter sequences. Separation of peptides differing from
each other by only one residue is extremely difficult to
accomplish.

The so0lid phase synthesis of polynucleo’cidesq-6
is more complex than that of polypeptides. The functional
groups in the saccﬁaride, phosphate and base of the
nucleotide must by protected during synthesis. As well,
the large size and polarity of nucleotides cause problems
of solubility.

The first solid phase synthesis of a poly-
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nucleotide was reported by Letsinger in 1965 using a
"popcorn" polymer as the support. Deoxycytidyl-(3'+5')-

thymidinell was synthesized on a polymeric acid chloride.

0 0
1 i
NH, -NH C-NH
JN @rge1 SN NG
J —L— oL, L
Tro Tr0 Q Tr0 (6)
OH OH |
10 1~1 O=I£éO-CH2- CH,CN
12

Phosphorylation of the deoxyribose moiety (11) was effected
with pyridinium/?—cyénoethyl phosphate and DCC. The
phosphodiester (12) was activated by treatment with
mesitylenesulfonyl chloride and was coupled with thymidine

to give the nucleotide (13).




10

0
I
(®)- c-NH
]
N’LO
Tr0 0
?
0=P-0~CH,-CH,CN
l CH
0 3
0
N N
0
OH
13

Cleavage with sodium hydroxide followed by purification
yielded the dinucleotide. In this synthesis4 both the

3% and 5% hydroxyls of the nucleoside were free, but attack
of thymidine occured only at the 5'-hydroxyl. This
selectivity is due to the steric bulk of the phosphorus
group which favors approach of the less hindered 5'-
hydroxyl in the condensation step.

Another approach to polynucleotide synthesis

i R GTE WA JU SO

st 2
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developed by Khorana6 involves the attachment of the 5'-
hydroxyl of the deoxyribose moiety to a polystyrene-
supported methoxytrityl chloride (7).

Cl)CH3
. OCH
HO-H,C O thymine |3 @—Tr-OCHZO T
@1 — ~
OH 15 OH
14 ~
1. pT-0Ac, mesitylene
sulfonyl chloride
P) Tr-C 0 T v
%A OCH,
NP |
1. pT-0Ac 0
T mesitylene
sulfonyl chloride
2. NaOCH On
3 >P
0 ofH, N .0
N o 2 0
/}’\O O T
OCH2
o. T
OH
‘ 16
0H -~
17 T = thymine

(7)
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The 5'-hydroxyl of the terminal nucleoside is
linked covalently to the p-methoxytrityl group of the
polymer support and chain elongation occurs via the 3'-
hydroxyl. A soluble polymer was used so that the reactions
could be carried out in a homogeneous medium. After each
step the polymer-bound material was separated from excess
reagents and by-products by precipitation. The yields of
each step were in the range of 88-96%.

The solid phase synthesis of polysaccharides7 is
also more difficult than that of polypeptides because of
the many hydroxyl groups which must be blocked and the
problem of stereochemical control. The features of the
synthetic sequence outlined by Fréchet and Schuerch include
the presence of a reactive leaving group at C-1, one hydroxyl
protected with a readily removable'blocking group Rl, the
remainder of the hydroxyls protected with a stable blocking
group R2 and a resin which can be cleaved from the finished
product without cleavage of the glycosidic linkages or the
protecting groups. Such a procedure has the usual advantages
of solid phase synthesis - purification of the intermediate
steps by simple filtering and washing and an increase in
reaction rate due to the large excess of reagents used.

In this synthesis the activated monomer unit, a
glycosyl halide 18, was coupled to an allylic alcohol resin
and the temporary blocking group, Rl’ was removed. The

coupling step involved the reaction of a new glycosyl.

halide unit with the free C-6 hydroxyl group on the polymer-
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bound glycoside. The deblocking and coupling steps were

repeated until the desired sequence was obtained. The

oligosaccharide 19 was cleaved from its support by an

oxidation reaction and, finally, the stable blocking groups

RZ’ benzyl, were removed.

R,0

HO-CH,,~ CH= CH,—~(B)

CH,OR,
Q
Br
OR
2
R,0
OR,
18
v -~
CH,OR,
0
—CH.,-CH= 8
OR, /L 0-CH,-CH= CH~(®) (8)
OR,
CoH 0
C H (OH
CH,0H
0

0%y /0-cH,-cH=CH~(B)

OR

[P
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O-CHZ-CHO

Another approach to oligosaccharide synthesis was
developed by GuthrielLP and involved the formation of a solid
support by the copolymerization of 6-0-(p-vinylbenzoyl)
derivatives of glucopyranoside with styrene.

Polymers éan also be used as protecting groups
in simple organic synthesisB. The selective blocking of
one functional group of a completely symmetrical bifunc-

tional compound is usually difficult to carry out. In a
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typical reaction, the monoacyl derivative of a symmetrical
diol can be prepared by reaction of an excess of diol with
an acyl halide or by working under conditions of high
dilution. In both cases however the desired product has to
be separated from large amounts of unreacted diol and
diacylated diol. This process is time-consuming and results
in low yields. In contrast, the selective functionaliza-
tion of one hydroxyl group of a diol can be accomplished
by attaching the diol through one of its hydroxyl groups
to an insoluble molymer support, acylating the remaining
hydroxyl and finally cleaving the desired product from its
support.

The first attempt to monofunctionalize symmetrical
diols using a polymer support was carried out by Leznoff
and Wongg. They prepared monotritjl and monotetrahydro-
pyranyl ethers of various diols HO(CHZ)nOH (n=2,4,6,8,10)
by attachment to an acid chloride polymer(B-CH,COCI
containing 0.8 meq of functional group per gram, for a
degree of functionalization of 0.1.

The coupling reaction was carried out in pyridine
and, after filtration to remove unreacted starting material,
the polymer-bound alcohol was treated with either trityl
chloride (in pyridine) or dihydropyran (in dioxane). The
vields of monotrityl ethers after cleavage were in the range
of 37 to 51%. The inefficiency of the cleavage step was
the main cause of the relatively low yields.

Regeneration of the used polymer after cleavage
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of the product was attempted by reaction with thionyl
chloride. The recycled resin was however found to be only
half as effective as the fresh material and after a second
regengration the activity of the resin had seemingly dropped
to 25% of its initial value.

The polymer-supported synthesis of monotetra-
hydropyranyl derivatives of symmetrical diols resulted in
higher yields than those for the corresponding trityl
derivatives. Again in recycling the resin lost 50% of its
capacity. In addition the reaction of polymer-bound
alcohol with dihydropyran was incomplete and cleavage from
the resin afforded a mixture of monoprotected and unreacted
diocl. The major advantage of the(:}CHZCOCI resin is that
it simulates high dilution thus giving only monoprotection
of the diols.9

Another insoluble support designed by Leznoff15
contains a 1,2-diol functional group suitable for acetal
formation with one end of a symmetrical dialdehyde. This
resin was prepared by treating a chloromethylated 2% cross-
linked polystyrene resin with the sodium salt of 2,2-
dimethyl-1,3-dioxolane-4-methanol. Acid hydrolysis gave a

resin containing a vicinal diol functional group.

(B)-CgHyCH, Ll ———— (:}-06H40H20-CH2?H-O:><10H3

20 CHsO CH,

TS T
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—_— (B)—0¢H,,CH,0- CHZCl)H-OH (9)
CH5OH
21

Treatment of the resin with excess terephthal-

aldehyde or isophthalaldehyde gave the monoacetal (§§)-

(®)-C gH),~CH,0~CH-0y CHO  p- or m-CHO
CHzO H
22

An estimate of the capacity of the resin was
obtained from the cleavage of the aldehyde form its support.
It was found that resin 22 contained 0.34 mmole of tere-
phthalaldehyde per gram of resin indicating a degree of
functionalization of about 0.04, for a functional yield of
20% in the transformation.gg—»gg. Thus polymer 21 had a
low loading capacity which limits its usefulness for
laboratory scale organic synthesis.

However various chemical reactions could be
carried out on the monoprotected aldehyde including oxime
formation, Wittig reactions, crossed aldol condensations,
benzoin condensations, Grignard reactions and reductions
with metal hydrides.

This resin has several advantages over classical
protecting groups. First, many new monoderivatives of
symmetrical aldehydes could be synthesized without the
problem of mixed products. Second, the resin was

completely regenerable. The main problem in the use of

e vy
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resin g; was its relatively low loading capacity (less
than 0.5 mmole per gram). Another limitation is that the
acetal linkage that attaches the aldehyde to the resin is
cleaved in acidic media. This sensitivity to acid is the
sourcé of a problem in Grignard and metal hydride reactions
where metal salts of the resin alcohols cause filtration
problems in nonacid solutions.

Another example of a polymeric protecting group
is the polymeric trityl chloride reagent for blocking
primary alcohol functional groups16’17’18. The advantages
of this reagent include its selectivity and reactivity for
primary hydroxyls versus secondary or tertiary hydroxyls
and the ease of cleavage of the trityl ethers in acidic

media. The polymeric trityl chloride can act as a dilute

reagent and thus react with only one hydroxyl of a molecule

containing several primary hydroxyl groups. The purification

by filtering and washing simplifies the isolation of the
product and the steric bulk of the resin could give extra
selectivity. |

The resin was prepared by Fréchet and Haque16
from 1% cross-linked polystyrene-divinylbenzene by treatment

with benzoyl chloride and aluminum chloride in CS The

5-
resulting ketone was reacted with phenylmagnesium bromide
in dry THF and the resulting compound hydrolyzed to give
the trityl alcohol polymer. Treatment with acetyl chloride
yielded the polymeric trityl chloride containing 0.9 to

2.3 meq of chlorine per gram.

s T b 4 AL A T 0 TR 1 St A L i Sl
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Coupling of methyl d-D-glucopyrancside to the
resin, followed by benzoylation of the free hydroxyls and
cleavage from the resin by dry hydrogen bromide gave an

86% yield of the tribenzoylated derivative (24).

CHZOH
0
RO OCH3 0
OR

The resin could be regenerated gquantitatively.

Polymeric trityl chloride reagents were used by
Fréchet and Nuyens to protect one primary hydroxyl group
in several polyolsl7. The alcohol, present in 50-100%
excess, was coupled to the resin in dry pyridine and
unreacted alcohol was recovered by filtration and recycled.
The free hydroxyls were protected by benzoylation and the
product cleaved from the resin. Cleavage of the product
from the solid supvort by dry hydrogen bromide required
a longer time than qleavage of ordinary trityl ethers but
gave high yields. Cieavage with trifluoroacetic acid resulted
in a2 1:1 mixture of alcohols and trifluoroacetates (which

were easily hydrolyzed to the corresponding alcohols).

Polymeric trityl chloride reagents were also

AT b s (01 2 NS WAt
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20
prepared by Leznoff and Fylesl8 by the direct lithiation
of a divinylbenzene-styrene copolymer with n-butyl lithium
in the presence of N,N,N',N'-tetramethylethylenediamine
(TMEDA) followed by treatment with a suitable benzophenone
to give the polymeric trityl alcohol.

Reaction of symmetrical diols with the polymeric
trityl chloride followed by acetylation and acid cleavage
gave the monoacetylated derivatives. With 1,10-decanediol,
some of the diol was thought to be attached to the resin
through both ends.

A trityl chloride resin was also used as a
support for the synthesis of some insect sex attractantsl9’29
For example, the sex attractant of the cabbage looper

was synthesized in 27% overall yield (57% if recovered

intermediates and starting material are recycled).(11)
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(®r-Trc1 +  HO(CH,)4OH —— (B)-Tro0-(CH,)O0H

25
22 MeS0,C1
LiC=C(CH,) jMe (® Tro-(cH,)0its
1|3h
cl:-o(CH2)6c§c(CH2)3Me
Ph

|

HO“(CH2)6CEC(CH2)3MG (11)

!

AcO(CH2)6CEC(CHZ)3Me

Ac(CHZ)é\\ //(CH2)3Me
C=C
H// \\H

26

Lt

+ trans isomer
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The diol was attached to the resin and the free
hydroxyl grouv was mesylated. Treatment with lithio-
acetylene in THF-hexamethylphosphoric triamide gave the
acetylene precursors of the insect sex attractants.
Cleavage from the resin with acid gave the acetylenic
alcohols and(:}TrOH. Hydrogenation and acetylation
reactions in solution gave the cis acetate. The yield was
comparable to that obtained by the classical synthesis.

An insoluble polystyrene resin containing
aldehyde substituentle was used independently by Hanessian

et a1??

and Fréchet and Pellé®’ to form benzylidene-type
acetals with carbohydrates. The resin was prepared by
oxidation of a chloromethylated resin with dimethylsulfoxide
and sodium bicarbonate. Hanesslan and co-workers carried
out the coupling step of the sugar.to the resin in a
dioxane solution containing p-toluenesulfonic acid mono-
hydrate and molecular sieves to remove water. Boiling
overnight in a Soxhlet apparatus gave coupling yields of

80 to 90%. Sulfonylation at 0°C, followed by cleavage

with 1% methanolic hydrogen chloride yielded the mono-

methanesulfonylated derivative in 40% yield. No attempt

to recycle the polymeric aldehyde was reported.

HO
@@ CHO + HO 0
HO —
27 OH

Olle
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HO

OH
QOlie

(12)
- O
0
HO 0
HO — 0
Olls HO
OMe OMs
29 E? QOlie

Polystyrene resins containing vinylbenzaldehyde
units were also prepared by Fréchet and Pelle’23 and used in
the synthesis of partially substituted derivatives of
D-glucose. Coupling of methyl a-D-glucopyranoside to the
resin occurred in 59% yield using a 2- to 3-fold excess of
glucoside in the presence of a catalytic amount of p-toluene
sulfonic  acid. Treatment of the resin-bound glycoside

with an excess of benzoyl chloride and cleavage with

[P
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trifluoracetic acid in dioxane gave the product in 70 to

80% yield.

CH,,0H 0-CH,
° ®-
ch
O o N, — H
HO le 0 Me
28 0
OH .-
31
(13)
CH,,0H 0-CH,
/o
@<cHo  + — (<
HO Ole 0Bz /one
0Bz 0Bz
33 32

Benzylation of the polymer-bound glycoside with
sodium hydride and benzyl chloride in DMSO followed by
acid cleavage resulted in a mixture of products. The
crystalline 2,3-di-0-benzyl-d-D-glucopyranoside was
isolated from this ﬁixture in 20% yiels and a monobenzylated

glycoside that could not be crystallized was obtained in

15% yield. The polymeric vinylbenaldehyde was not recycled.

Several examples of organic reagents attached to
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insoluble polymer supports have been reported in the

8’11. The reactions involving immobilized

literature
. reagents must be single step rather than multiple step
processes. The advantages associated with the ability
to carry out several successive steps in the solid phase
without isolation are therefore lost. The possible
regeneration of the reagent and the ease of separation of
the resin-bound by-products from the desired product are
definite advantages.

Polymer-bound Wittig reagentszg'26have been prepared
which eliminate the problem of separation of triphenyl-
phosphine oxide, the usual by-product of the reaction.
Attachment of the Wittig reagent to a resin means that the

triphenylphosphine oxide will remain bound after reaction

and thus can be easily separated from the product by

filtration.
C1CH,Ph ®
2 e
(®p-Pn, —_— (®)P- (CH,Ph)Ph,CT
34 22
- l base
@P-(C@Ph)th (1%)
36

lPhCHO

PhCH=CHFn + (B)~P(0)Ph,
27 38

atrra bRy D
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The yields of olefins are generally comparable to those

obtained by the classical method. For example25:

CH

3
— O —
®
Ph,—-P -p=
5 Ph,-P CHBX@ )
34 35 ase
~ ~ (15)
L 4
PhZC=O
Pl’lZC=CH2 + — @
L
3 PhZ—P=O PhZ-P=CH2
38 X

The yield by the classical method was 52% while the solid
phase method gave an overall yield of 63%, based on the
initial amount of carbonyl and a 90% yield based on the

amount of carbonyl reactant consumed.
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Several uses of low molecular weight boronates
as diol protecting groups in various types of polyols
have been reported in the literature®’ 37, One of these ap-
plications is the temporary blocking of one or more diol
functionalities while the remainder of the hydroxyls in
the molecule undergo a reaction.. Another is the separation
of cis and trans diols from a mixture of isomers.

Boronates of acyclic polyols have been studied.

27,28 have prepared a series of

McKinley and Weigel
phenylboronates and investigated the relative ease of
formation of five-, six- and seven-membered cyclic
phenylboronates. Dahlhoff and K'éster29 prepared some
per-0-diethylborylated derivatives of acyeclic polyols.
Ferrier et alBo'33 have used phenylboronates
extensively as temporary blocking'groups in carbohydrate
chemistry. For example, phenylboronic acid will react
with methyl «- and f#- xylopyranosides to give crystalline

2,4-cyclic estersBo. Once the free hydroxyl group at C-3

has been esterified, the phenylboronic acid can be removed

from the product by ester substitution with 1, 3-propanediol.

The main disadvantage of this procedure is the many
purification steps required. The phenylboronate of the
xyloside and the acylated derivative must be prepared

and purified by crystallization. Then the phenylboronic
acid must be removed and the acylated xyloside purified by
crystallization. Hence the procedure is time-consuming

and results. in a relatively low yield.
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Separation of cis and trans diols has been

attempted using various boronates.jé’37 Brown et a136
succeeded in separating cis and trans isomers of 1,3-
and 1,4-cyclohexanediol mixtures. In each case, the
cis isomer formed a volatile n-butylboronate that could
be separated by distillation while the jiggg derivative
remained in the nonvolatile residue and tended to polymer-
ize. The cis isomer could be freed from its boronate
ester by treatment with ethylene glycol. (Cis and trans
1,2-cyclohexanediols could not be separated by this
procedure since they formed volatile n-butylboronates
with similar boiling points.

The process of affinity chromatography has been
developed for the isolation and purification of biologically
active macromolecules.38 Selective adsorbents can be
prepared which utilize specific and reversible covalent
binding of ligands to proteins and polypeptides. For
example, a selective adsorbent for a protein can be
prepared by attaching a specific competitive inhibitor
to an insoluble polymer.

When a crude solution of a protein is applied to
such a column, molecules having no affinity for the ligand
will pass through while the protein will be bound. If
the binding is weak, the product will emerge directly
behind the impurities or mixed with them. If the binding

is strong, the protein will be adsorbed on the top section

of the column and a change in eluent (such as a different
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pH) will be required to remove it.

Thus affinity chromatography has wide apolications
in biochemistry in the isolation and purification of natural
products due to the ease and rapidity of the method.
Affinity chromatography could be extended to the purifica-
tion of products in organic reactions if a suitable
adsorbent could be prepared that would bind only to the
desired product. An insoluble resin containing a boronic
acid residue might be useful in selectively binding certain

diol functionalities.
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RESULTS AND DISCUSSTION

There are several factors which must be considered
in the decign of a polymeric protecting grouv. A resin
must be chosen that can be used in hydroohilic and hydro-
phobic media. The degree of cross-linking of the resin is
important in that if the resin is too highly cross-1linked,
its pores will not have the capacity to handle large mole-
cules. If the degree of cross-linking is too low, the
resin might have partial solubllity in the solvent. As
well, a resin with low cross-linking has a more flexible
chain which could cause problems with double binding to the
substrate.

The degree of functionalization of the resin must
also be decided. A resin having a low degree of function-
alization has more site isolation ﬁut it is more difficult
to work with on a practical scale. Crowding of reactive
ends might occur in resins having a high degree of function-
alization.

Since these polymers are not available
commercially and their synthesis is not easy, they should
be designed for repeated use. Regeneration of the used
nolyvmer should be a simple process.

Coupling of the substrate to the polymer should
be a high yield reaction that can be carried out under
mild conditions. The polymer-substrate bond should be
stable under the conditions of the functionalization

reaction on the rest of the molecule. Cleavage of the
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volyvmer-product bond should be gquantitative and should
require only mild conditions.
The polymeric reagent should be selective in
its reaction with certain functional groups of the molecule.
Finally, its use should offer some advantages over the use

of the more conventional protecting groups.

Choice and prevaration of the resins

Both macroreticular 20% cross-linked resins and
solvent-swellable 1% cross-linked styrene-divinylbenzene
copolymers were used in this research. The 204 cross-
linked resin has a rigid macroporous structure and can be
used in a wide variety of solvents since no swelling is
needed to ensure penetration of the reagents into the pores
of the resin. In addition, separafion of reactive sites
is vrobably easier to achieve on a macroreticular resin
than on a more flexible support. However site separation.
is not a vrimary consideration in this project since
attachment of a polyol to more than one site is not very
likely. Secondary effects from remote sites, such as
coordination, may however be a factor in some reactions.

The advantages associated with the use of a
macroreticular resin include a wider cholce of solvents,
ease of filtration and adaptability to use in column
technigues. The major drawback of the macroreticular resin
is the mechanical fragility of the resin beads which tend

to break up on reveated use.
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The 1% cross-linked resins in bead form, 200-400
mesh "research grade”, must be swollen before reaction.
Typically in benzene or pyridine, a 1% cross-linked resin
will swell to 10 to 12 times its original size. The
advantages of these resins include thelr ease of function-

alization, high capacity and mechanical stability.

Preparation of the volvstvrvlboronic acid resin

Two different procedures were used in the
prevaration of the polystyrylboronic acid resin. These

are shown in Scheme 16 below.

Scheme 16 - Method A

+CH,=CH— ~CH,~-CH—: +CH,-CH—:
ca'talys‘b> - n-Buli
Br2 THF
L1 Br Li
42 43
B(OCH3)3
%CHZ—CH;%h 4CH2-CH—+h
H+
(______
H,0
B B
HO OH HBCO OCH3
Ls Ll
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Method B
—%CHZ-CH—%h -%CHZ-CH—%h
TMEDA
n-Buli —2 same as above
L1 Li

43

Method A was used in the functionalization of a
macroreticular resin, Amberlite XE-305. The bromination
reaction, performed in the presence of FeCl3 as catalyst,
gave a high degree of functionalization, 0.59. However
the product obtained after lithiation and reaction with
trimethylborate had only a low degree of functionalization,
0.13-0.19. Removal of bromine from polymer 42 was generally
found to be complete but extensive loss of functional groups
had occurred.

A similar reaction carried out on commercially
available 1% cross-linked polystyrene failed to yield any
of the desired resin 43. Only the first step of the
reaction sequence, bromination, could be carried out. The
brominated polymer was unreactive and had an infrared
spectrum which did not correspond to that expected for 42.

Elemental analysis of samples of research grade 1% cross-
linked polystyrene resins 57 gshowed that the polymers were
contaminated with small amounts of suspending and

emulsifying agents used in the emulsion polymerization

process. After extensive washing of the commercial 1%

41 A i
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cross-linked polymer to remove these impurities, polymer
L5 was obtained in excellent yield (97%) using a procedure
developed in this laboratory40 and involving catalytic
bromination in the presence of thallic acetate.

A few samples of resin %é were prepared by Method
B in which the starting resin is lithiated directly by
reaction with a mixture of tetramethylethylenediamine
(TMEDA) and n-butyllithium. The main advantage of this
procedure is its rapidity. However the method has not yet
been adapted to the preparation of resins with a high
degree of functionalization (greater than 0.25) and has

not yielded reproducible results.

APPLICATION OF THE POLYSTYRYIBORONIC ACID RESIN AS A PRO-

TECTING GROUP IN ORGANIC SYNTHESIS

AL

General reaction scheme

In a typical experiment, an excess of a
polyfunctional molecule (46) containing a diol grouping
is added to a suspension of the volystyrylboronic acid
resin (%é) in benzene, pyridine or other suitable solvent.

The following equilibrium is rapidly established.

OH 0-CH
CH,-CH-CH,X  + . (@B — s @87 12
B 2 & o —— No-cy T OF20
OH OH |
b5 CH,X
LE

P~

(17)
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The egquilibrium is displaced in tavor of the cyclic boronate
by removal of the water in an azeotropic distillation. At
this stage, the excess of 46 can be removed by filtration
and recycled if desired. Then the polymer-bound boronate

is modified by addition of a suitable anhydrous reagent.

,0-CH, Y _0-CH

2
O — ®-B l (18)
~0-CH =~ 0-CH
| l
CH X CH,XY
L7 48

After removal of all excess reagent and soluble by-products,
the modified molecule 48 can be cleaved from its support

by addition of water.

0-CH H,O0 OH
87 12 225 (% +  CH,-CH-CH,XY (19)
~ =~ 2
0-CH OH S
l OH OH
CH, XY L5
48 -

Both the coupling and cleavage steps are performed
under very mild conditions (removal or addition of water)
and the starting polymer is regenerated directly by the
cleavage step thus eliminating the need for an additional
step to recycle the resin. Depending on the choice of
functionalization reaction, the entire reaction sequence

can be carried out in one flask with a minimum of handling
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of the resin. Purification at each intermediate step is
done by a simple filtration and washing with an aporopriate

i
solvent in a specially designed flask 0 (see Figure 1).

Protecition of acvelic polvols

The first attempt to use the polystyryilboronic
acid with an acvelic nolyol was carried out with glycerol
in the nrevparation of a moncacyl derivative. Coupling of the
resin with glyvecerol could be expected to yield two different

polymer-bound cyclic boronates ( 51 and 52 in Scheme 20

below).
Scheme 20 ?H
H
: . R .(/C ~
?Hz—ICH—C])r{Z +  (@rB(0H), — ,(I3H27C|}H-CH20h cl:ﬂz (leZ
OH OH OH L 0 0 + 0 0
i N/ ~Np”
i 5
51 52

Thus after acylation and cleavage from the polymer, a
mixture of two 1lsomeric monoesters could be expected. No
characterization of the intermediate boronates 21 and 52
could be carried out. Therefore the stereochemical outcome
of the réaction could only be evaluated by a study of the
product obtained after acylation and cleavage from the

resin.
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Scheme 21

?HZ-?H—CHZOH

"9 o

N/
B

®

2

—

?Hz-?H-CH

OH OH
33

Pad

?H
CH
dg/ \\CH 1. Acviation
2. H.O
0 0 2

(IJHZ-(IJH-CHZ-OH (®-3a(0H),

OH OBz ks
sk

bl

The material obtained in this reaction was found

to be almost pure 53 contaminated with a very small amount

of ig (as determined from the nmr spectrum, Figure 2).

This indicates that the reaction proceeded mainly through

the five-membered boronate 51 since no rearrangement of 54
Cand ~~

into 53 was likely under the very mild conditions of the

reaction.

Dahlhoff and Kdster>’ prepared the 1-0-

benzoylglycerol by converting the per-0-diethylborylated

derivative §§ to the 2-ethyl-4-diethylboryloxyalkyl-1,3,2-

dioxaboracycloalkane (Scheme 22).
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Scheme 22

4o

Et,BO CH,0BEt, Route 1: »150° C _
/ B —
- 'RE-t
CH -3
CH,
’ t : 20°C
Et.RB0O Route 3:
2 (+ >BH) - BEt,
85 - CH,0BEt,
~ / \
HO CH,,0H \
AN
T + ™ .t
?rI Route 2 2 EBE 3 , 2
CH,, 120°Cc, - 3 EtH
HO/
=0 lf&eOH
0 CH.,OH.
/ 2
Et B
\
0
57
lcéHECOCl
0
il .
HO - (CH,OCC,H
N\ /2 65 s /O CH OCC6H
CH »17eOH E.tB 2 ” ;
(——.
l 20°¢C \ 0
CH, 0/
/
HO
58
59 -

Z
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This reaction was found fo proceed only through
the five-membered cyclic intermediate 56. This would
mean that five-membered cyclic boronates are more readily
formed or that substituents on the secondary carbon atom
are more easily removed;

In 1965, Weigel et alul prepared the phenylbor-

onate of glycerol which could have either structure §9

or Q}.
H,C =0 CH
2)  "NBPn s
HC —07 Hocle 0
[ i
H.COH H,C EPh
2 \ /
60 0
61

Their analysis of the vpreduct obtained involved the
preparation of the O-phenylcarbamoylglycerol phenylbor-
onate ég, hydrolysis of the boronate and direct treatment

of the crude mixture with sodium periodate.

Scheme 23

H_C-0 H,C-0 H,COH
2] "mpp 2{ "mpn 2]
HC-07 N HC-07" —_ HCOH
l l |
H,COH . CH,O0CNHFh CH,0CNHPh
60 0 0
A
62 63

It was found that the O-phenylcarbamoylglycerol consumed

1.0 moles of periodate. Therefore the product was all
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derived from the five-membered cyclic boronate ép.

Tn 1973, McKinley and Weigel 2/ reported that
slight modification of the experimental conditions gave an
O-phenylcarbamoylglycerol which reduced only 0.84 moles of
periodate. This indicates that the phenylboronate was a
mixture of isomers 60 and &1.

McKinley and Weige127 have also revorted another
method for determining the composition of the phenylboronates.
The phenylboronates were prepared by refluxing the triol
with phenylboronic anhydride, (PhBO)B, in benzene or
toluene for several hours. The structure of the phenyl-
boronates was determined as described in Scheme 24, by
(a) treatment of the phenylboronate with diazomethane and
boron trifluoride to methylate the free hydroxyl group;

(b) hydrolysis of the boronate ester and (c) acetylation

of the resulting groups.

Scheme 24

H,C-0 H.C-0 H.COH H._COAc
2 "Bpn 21 "ppn 2 2
HC-0~" -—» HC-07 —>  HCOH —> HCOAc

{ ! l |

H,C-OH H,C-OHe H,COlie H,C0ie

60 6L 65 65

The reaction mixture was analyzed by glc-ms
and it was found to consist of 31% of 66 and 69% of
isomer é? resulting from the cyclic boronates ég and 61

respectively.
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MeO-CHQ—CH—CHZ-OAc CH2~CH~CHé—OAc
=
OAc OAc OMe
66 67

The crude product was recrystallized from benzene-hexane
yielding a mixtura enriched in 66 (61% of 66).

However this report lacks exvperimental data so
that it is difficult to evaluate the reliability of the
analytical technigue involved. For example, although
some acylated derivatives were prepared, no nmr syectra
were recorded. It is difficult to determine whether the
glc-ms studies were carried out on the crude nroduct or on
a "purified" fraction.

The discrepancy between our results and the
most recent results of Weigel and cowcrkers is difficult
to explain since it seems unlikely that vhenviboronic
acid and polystyrylboronic acid would behave so differently.
It is interesting to note however that the results obtained
by Welilgel in 1973 are in such sharp contrast with those he
obtained earlier using a different and usually reliable
method of analysis of 1,2-diols. The nmr spectrum (Fisure
2) of our reaction product (2} + gg) clearly indicates that
the five-membered ring boronate is formed preferentially
and that only a very: small amount of product arising from
the six-membered ring boronate is present.

If the results which were obtained in the reaction

of glycerol with nolystyrylboronic acid are applicable
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to 1,2,4-butanetriol, the reaction would be expected to
proceed mainly through a five-membered boronate such as

70 and thus yield mainly Zg after acylation.

Scheme_Zﬁ
(|3H2—(IJ.H-CH2—?H2 + (®-B(oH), —_—
OH OH OH
68
CH
R ] )
Ho 0 CH-CH,OH +  H,C—CH-CH,CH,O0H
| / \
o o
N -
: B
69 70
1. Acylatibn
2. Hy0
fHZ-cl:H-CHZ-cl:HZ + fHZ-?H-CHZ—'?HZ
OBz OH OH 0OH OX 0Bz
7L 22

However when the reaction was carried out under conditions
similar to those usea earlier for glycerol the crude product
was found to contain both isomers 72 and Z& (Bz =-C006H<)

in a 17% to 83% proportion, as determined from the nmr
spectra. Hence the product resulting from esterification

of the six-membered cyclic boronate 69 predominated.
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This result, although slightly surprising, is in
agreement with earlier work on 1,2,4-butanetriol using
phenylboronates or ethylboronates. IcKinley and Weigelz7
treated the phenylboronates of 1,2,4-butanetriol in the
manner described in Scheme 24. Approximately one-half of

the resulting mixture could be distilled. The nonvolatile

residue contained 89% of the derivative of isomer 74 and the

distillate 88% of this isomer.

fHZ BPh
CHZOH Z&
73

Dahlhoff and KBsterZ9 prepared the monobenzoyl
and monoacetyl derivatives of 1,2,4-butanetriol according

to the vrocedure described in Scheme 22.

CH,CH,OBE%
0.~ f2¥ 2 0 CH,0BEt
,/“‘~FH Et3” NcE ¢ 2
EtR
\O/,CH2 0 _CH,
CH,
75 7%

The derivative of intermediate Zé, the six-membered cyclic

boronate, composed 904 of the product.
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Various blocking groups can be used to protect
the free hydroxyls in the boronates. Esters of carboxylic
acids, such as benzoates and acetates, have been used
successfully. For example, benzoate esters of both
1,2,3-propanetriol and 1,2,4-butanetriol were prevared.
Sulfonic acid esters, such as mesylates or tosylates, are
also suitable protecting groups. Trityl ethers are also
suitable protecting groups for free primary hydroxyls,
such as the Cé-hydroxyl of many carbohydrates.

The monotrityl ether and the monobenzoyl ester
of 1,2,6-hexanetriol were prepared. As was expected only
one oroduct was obtained in both of these reactions, that

derived from the five-membered cyclic intermediate.

Scheme 26
CH,,~CH~ (CH,,)

l ~ _

‘sz + (@-Bl0oH), — fHZ-?H-(CHZ)B-?HQ

OH OH OH 0 0 OH
\ /
77 B
'“ ®
78
o
1. TrCl, py
2. Hy0
H,~CH- - : CH,~CH- -Gt
?HZ %H (CH,) 4 ?HZ e (CHy) 4 fqz
OH OH 0CC H
6s OH OH 0C(CgHs) 4
0
80 79
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Coupling of a diol functionality to the
polystyrylboronic acid resin is also useful in the prepar-
ation of monoacyl derivatives of symmetrical triols such
as 2-ethyl-2-(hydroxymethyl)-1,3-propanediocl. Onlv nne
nvroduct is possible thus eliminating the vroblem of
separation of mono-, di-, and tri-acylated derivatives that

would result from a classical synthesis.

Scheme 27

CH,0H RS
| , o0 S
CH,CH,-C-CH,0H  +  (@-B(0H), — |

2 i
: | H,C -®
CH,O0H 2 \O/E @

2

5
(9]
Do

1. 3BzCl, py

CHBCHZ—?—CHZOBZ
CH

OH

20H

3

)
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C. Protection of carbohvdrates

The polystyrylboronic acid resin has many
applications in carbohydrate chemistry. Certain compounds
which are difficult or impossible to prepare by normal
routes can be made by selectively blocking two of the
hvdroxyl groups as resin-bound boronates. After formation
of the derivative, the product 1is easily cleaved from the
resin bv treatment with water. The very mild reaction
conditions make this ideal for acid-labile carbohydrates.
The selectivity of the resin towards hydroxyls which are
cis to each other and to those which form a six-membered
ring rather than a five-membered one has been investigated
as Tollows using a simple partial acylation of selected
carbohydrates as model systems.

Methyl d—D-galactopyranbside (§§)42 contains
four hydroxyl groups and thus offers the possibility of
formation of four different Z- or 6H~membered cyvelie
boronates. Two of these can be disregarded. A é-membered
ring boronate between the C2 and Ch Irans hydroxyls is
geometrically impossible. A S5-membered ring boronate
cannot be formed between C, and C3 since the two trans
hydroxyls cannot te brought into the same plane. O0f the
remaining two cyvclic boronates, one involves the formation
of a strain-free six-membered ring between the hydroxyvls
at Cu and 06 and this is likely to be formed. The other
would involve a five-membered ring between hydroxyls at

Cq and Cu, Such a cyclic boronate could be obtained if
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the sugar molecule assumed a half-chair conformation, a
definite possibility but less likely than the previous one
in which the sugar molecule was in the preferred chair
conformation.

Coupling of methyl «-D-galactopyranoside to the
resin followed by benzoylation of the remaining hydroxyls
gave only one product, the knownle methyl 2,3-di-0O~benzoyl-
od-D-galactoryvranoside (Qé) which was further characterized
by the preparation of its crystalline 4,6-di-0-(p-tolyl-
sulfonyl) derivative.

Scheme 28

0
C<\
8(&
HO 5
g OCH
82 "3
1.| BzCl, »y
2. H,0
OH
CH,0 Q
Bz0 0Bz
OCH3
86
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In the case of methyl el-D-glucopyranoside42

(87) in which vicinal hydroxyls are trans %o each other
only two cyclic boronates between cis diols are possible.
Five-membered rings formed from trans hydroxyl groups are
the least likely of the possible intermediates. The cis
diol formed between C, and C) would reguire an intermediate
in which all the substituents (except Cl) would be axial.

This would certainly be less favorable than the formation

of a strain-free C —06 cyclic boronate.

Iy

Scheme 20

B
CH,OH © ,
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As in the previous case only one procduct, methyl

2,3-di-0-benzoyl-4-D-glucopyrancside (§?) was obtained in

the reaction. The product was characterized by its spectral

and physical properties which were in agreement with
those reported in the 1iterature.23’44
lonoacyl derivatives of methyl &~ and B-D-
xyvlopyranosides have also been prepared. The xylosides
have the same configuration as the glucosides except that
they are missing the -CH20H group at CS' Hence the
vicinal hydroxyls are trans to each other. Thus the C2
and Cu hydroxyls are cis to each other and can form a
six-membered ring boronate if the three hydroxyl
substituents come in axial positions (Q}). Although this
axial arrangement is not normally the preferred one, the
six-membered boronate which is obtained in this case is
favored over any other five-membered ring boronate formed
on vicinal hydroxyl groups. The vicinal trans diol would

reguire twisting of the conformation to bring both

hydroxyls into the same plane. Hence the only product of

. the reaction is methyl 3-0-acetyl-4-D-xylopyranoside (92).

The nmr spectrum of this comnound is shown in Figure 3.
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Scheme 30

O-

- HO
HO o
OCH,
0
ﬂ
HO
AcO of
0cH
3
a2

OH

OH ‘ocH

(®-z(on),

OH

Similarly the 3-0-benzoyl derivative of methyl

f-D-xylopyranoside has been prepared.

The structure of

the intermediate cyeclic boronate is the same as above

except that all substituents are in axial positions (94).

The nmr spectrum of ©F is shown in Figure L.
Ead
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Scheme 31
OH
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1.1 BzCl,py

2. HZO
HO 0
HO
9z

Both of these compounds have been prepared by
Ferrier et alBO using phenylboronates as blocking groups.
The work-~up involved crystallization of the phenylboronate,
acylation, recrystallization of the acylated vhenyl-
boronate, cleavage by exchange with 1,3-vropanediol,
cseparation from the propanediocl and derivatives and
finally crystallization of the acvlated xyloside. Yields
at each step were in the order of 80 to 90%. For examvle,

the preparation of methyl 3-0O-acetyl-«-D-xylopyrancside

O
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by Ferrier resulted in a 644 yield after five steps while
the solid phase preparation gave an 84% yield with all
reactions being carried out in one flask with no inter-
mediate purifications necessary.

lionoacyl derivatives of methyl A-D-ribopyranoside
have also been prepared. The sugar has an all cis 1,2,3-
triol system. Thus the formation of two five-membered
cyvelic boronates between gis hydroxyls is possible. As
well a six-membered boronate can be formed when most of the
subgtituents are in axial positions.

The attempted synthesis of a monoacylated

derivative of methyl A-D-ribopyranoside using an isopropyl-

idene blocking group by Barker et alL'L5 resulted in a mixture

of products. Treatment of methyl.ﬁ—D—ribopyranoside with
acetone in the presence of an acid'catalyst formed
isopropylidene derivatives at the C2~03 and 03—04 sites as
well as causing ring contraction with the formation of
ribofuranoside derivatives.

Ferrier and Prasadué prepared methyl 3-0O-acetyl-
A-D-rivopyranoside by using a phenylboronic acid protecting
group. Although several isomers were possible only one
was found. The sitructure of the product was identified as
the 3-0-acetyl derivative since it did not undergo
neriodate oxidation.

Treatment of methyl A-D-ribopyranoside with the
polystyrylboronic acid resin yilelds only one product, the

3~0-acyl derivative, as described in Scheme 32.

ey o e ———
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Scheme 32
e 0CH
HO 0 .y HO 3
(®)-B(0H),
—_—
o CH3
0H
96
/\l
1. BzCl, py
2. HZO
CH3
Q8
~ cq

The structure of the product was determined by
comparison of the properties of the acetylated derivative
to those reported by Ferrierué. The 3-0-benzoyl derivative
had not been synthesized previously. The classical
synthesis, analagous to that described for the xylosides,
resulted in an overall yield of 30%. The solid phase
method gave higher yields ( in the order of 50-60%) with

much simpler reaction conditions.

The acetylation of the resin-bound ribopyranoside
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was also attempted using acetyl chloride in pyridine.
This reaction gave a lower yield of the desired product
since cleavage of the sugar from the resin seemed to
have occurred.

The protection of the C2 and CQ hydroxyls as
resin-bound cyclic boronates has many possible applications.
It can be used for the selective acylation of a 03 hydroxyl
as described and also for the selective removal of the 03
substituent.

The monobenzoyl and monoacetyl derivatives of
methyl o-IL-rhamnovyranoside (methyl 6-deoxy-«-L-manno-

pyranoside) have been prevared.

Scheme 33

(b) R = C6H

5¢” OH OH
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In this case the preferred intermediate is the Tive-
membered cyclic boronate formed between the ¢is hydroxyl
groups on C, and 03. This boronate would be more stable
than those formed between the trans hydroxyls on C3 and

Cu or those on 02 and 04.

The acetyl derivative (%Q;a) has been prepared

. . . . L
by a classical synthesis by Richardson and Wllliams'7

using an isovrovylidene blocking group.

Scheme 134
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The yield of methyl 4-0-acetyl-d-L-rhamnopyranoside creparsd
via the isopropylidene derivative was 40% while that from
the polystyrylboronate was 65%.

A reaction of methyl A-D-mannopyranoside with the
volystyrylbtoronic acid resin would, by analogy with the
corresponding glucoside and galactoside derivatives, be
expected to yield the CQ—Cé boronate. However the method
can be used to prepare a 4-0-acyl derivative of methyl
®-D-mannonyranoside through a polymer-bound 2, 3-boronate
after blocking of the Cé-hydroxyl group. This reaction
sequence can be carried out rapidly and in one not by
tritylation of the Cé—hydroxyl, formation of the 2,3-
boronate, benzoylation, removal of all impurities and
unbound material by filtration, and finally cleavage from

the resin.

Scheme 35

CH,0H
HO 0 oy
; OH + C(CgHg)4C1 _—
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CH,OTr
0
HO Ry B(oH)2 BzC1l H,0
1O = oy ?
OCH,
Tr = C(CéH;)q
106
5 CH,OTr
R 0
CgHCO 75
HO
OCH,
107

The vield of this reaction was quite low (32%) but this

is not unexpected in view of the iarge steric requirement
of the nolvmer-tound boronate. It is likely that the
vield could be imvproved considerably if the unbound
mannoside was recovered by filtration prior to the
benzoylation and recycled. However the recovery was not
attempted in this instance.

Similarly a 3-0-acyl derivative of methyl «-D-
gluconyranoside could be vrevared on the polystyvrylboronic
acid resin after protection of the Cé-hydroxyl group, for
example by formation of a trityl ether. The intermediate
cyclic boronate 109 is likely to be found in a twist boat
conformation such as that shown in Scheme 36 since in this

conformation the interaction between substituents

e —
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are minimized at least in comparison to other possible

conformations.

Scheme 36

HC 2

When the reaction was attempted it was found that
a larce pronortion (56%) of the tritylated sugar remained
uncounled, nresumably due to steric difficulties encountered
in the formation of %QP. The uncoupled sugar could however
be recovered unchanged and recycled after a simnle filtration.
Following benzoylation of the C?—hydroxyl and cleavage of
the product form its support, methyl 3-0-benzoyvl-6-0-

trityl-a-D-glucopyranoside 110 was obtained in 82% yield

e e
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(the yield is based on the product converted after

recveling).

The mild conditions of the coupling and decoupling

of the resin to the polyol make it ideal for protection of
acid-labile derivatives. These compounds cannot be
prepared using blocking groups such as the isopropylidene
group which must be removed by acid. An example of this
type of reaction is the hexaacetylation of o,t-trehalose
in which the glycosidic linkage would be cleaved in acidic
medium should isonropyvlidene or benzylidene derivatives

be used,

Scheme 37
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Since «,d-trehalose 11l is composed of two glucose

units linked through their anomeric centers, coupling to

the resin could be exvected to yield the 4,6-cyclic boronate

as in the case of glucose. Coupling of the o,2-trehalose
to the resin through both extremities 1is possible but
unlikely as it would involve interaction of two pairs of
hydroxyls of the sugar moiety with two active sites of
the resin in the »nroper position.

Once again due to the large steric bulk of «,&-
trehalose, only a small percentage of the starting material
was coupled to the resin. However recovery and recycling
of unreacted o,%-trehalose make this a worthwhile reaction
in terms of yield. As in several other preparations the
vield ohtained (449) could probably be improved consider-

ably by the use of a better polysfyrylboronic acid resin.

Separation of diols bv affinitv chromatogranhy

The high selectivity shown by the pnolystyryl-
boronic acid resin in the protection of c¢is hydroxyl
groups of polyols can be applied in affinity chromatogravhy
to the separation of polyols according to their stereo-

chemistry. Cis - trans diol mixtures can be efficiently

. i . ne
separated on the resin using a batch or a column technique.’

Commercially avallable cyclohexanediols exist
as a mixture of c¢is and trans isomers, often present in

a 1:1 ratio. These have been separated using n-butyl-

36 37

boroxine or triethylborate However these separations

4 e e e araia e v e




68

which required the fractional distillation of boron-
containing intermediates were relatively time-consuming
and, in some instances, were not possible due to the
similarity of the boiling points of the boronates of
the isomeric diols.
: The separation of the 1,2-cyclohexanediols by a
batch technique is shown in Scheme 38. It involved the
g reaction of the diol mixture with a suspension of the
polystyrvlboronic acid resin in dry benzene or pyridine
with azeotronic removal of water, followed by filtration
to effect the sevaration of the trans diol which, being
unbound, remained in solution and was obtained in 80%
vield {L0% of the original mixture).

The resin was then washed with a dry solvent to

remove any trans diol which might have been trapped in its

pores. This washing gave a mixed fraction containing
both trans and cis diols indicating that some of the cis

diol had leached from the resin. Finally, cleavage of

the cis diol from the resin and regeneration of the
1 polymer was accomplished in a simple step by addition of
a small amount of water and an 84% yield of the pure cis

diol was obtained.
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Scheme 38
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A similar reaction sequence was also used to
separate and selectively deuterate the cis 1,2-cyclohexane-
diol of a 1:1 mixture of c¢cis and trans isomers. The
reaction was performed as described above except that
deuterium oxide was used instead of water in the cleavage
step.

In all cases the pure diols were characterized
by their nmr spectra which included methine signals
centered at §3.78 for the gis isomer and §3.34 for the
transg isomer. (Figures 8 and 9).

The variance in reactivity of the two isomeric
diols with the polystyrylboronic acid resin is explained
by the ease of formation of the five-membered ring boronate
with the c¢is isomer. For a cyclic boronate of cis
1,2-cvclohexanediol, a half-chair‘conformation of the
carbon ring is attained. . This, too, increases the ring
strain, but less so than attempted foreing of trans
hydroxyls into coplanarity (which would definitely not be
possible).

The separation of a mixture of c¢cis and trans
1,3~cvclohexanediols was also carried out by tThis method.
The polymer reacted rapidly with the cis isomer in its
cis diaxial conformation to yield the cyclic boronate,
while the trans isomer, which remained in the soluble
phase, could be sewnarated by a simple filtration. The

nmr spectra (Figures 10, 11) of the 1,3-cyclohexanediols

in pyridine-dq’included signals for the methine protons
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Scheme 139
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centered at §3.90 for the cis isomer and §4.50 for the

trans isomer. Pure cis 1,3-cyclohexanediol could be
cleaved from the polymer by addition of water.

In the separations of both the 1,2- and 1,3~
cvclohexanediols, some binding of the itrans diols to the
polvmer seemed to occur in cases where a large excess of
the resin, with respect to the ¢is diol, was used. This
binding could conceivably involve linkage of the diol to
more than one boron ztom on the polymer backbone since
the formation of a six-membered ring boronate with trans
1,3-cvclohexanediol is highly unlikely.

The separation of cis and itrans cyclohexanediols
by affinity chromatography using the polystyrylboronic
acid resin can be adapted to column techniques. For

example, a solution of cis and trens 1,2-cyclohexanediols

was anplied to a column containing the resin. The uncoupled

diol was eluted with benzene and found to be the pure irans
isomer. The cis isomer was removed from the column by
elution with a 3% methanolic seolution of benzene. Recovery
was essentially quantitative.

Similarly a mixture of 1,3-cyclohexanediols was
separated on a polvstyrylboronic acid coclumn with the
trans isomer being eluted with henzene and the ¢is lsomer
requiring a 5% methanolic solution for cleavage.

An attempt was also made to separate a 1:1

mixture of cis and trans 1,4-cyclohexanediols. The batch

method failed.to give any senaration of the isomers.
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When the mixture was passed through a column of the poly-
styrylboronic acid resin with elution with benzene, some
separation was observed. The last fraction contained a
mixture composed of 00% cis and 10% trans, as determined
from the nmr spectrum. However complete separation could

not be attained on the amount of resin available.

Recoverv and recvecling of the used resin

As was mentioned earlier, cleavage of a diol
from the »olymeric boronate with water results in the
regeneration of the polymer which is then ready for reuse
without requiring any further manipulation. Although
several different batches of resin were used in this
research (e.g. macroreticular, solvent swellable) at
least on batch of resin was used fepeatedly in a dozen
reaction cycles.. The recycled resin performed satis-
factorily in all of these reactions and no significant

loss of activity was observed.
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EXPERIMENTAL

The resins were a solvent-swellable 1% divinyl-
benzene-styrene copolymer, Bio-Beads SX 1, vurchased from
Bio-Rad Taboratories, and a macroreticular resin, Amberiite
YE-305, purchased from British Drug House. Tetrahvdrofuran

(THF) uced in the experiments was purified by distillation

from lithium aluminum hvdride. Benzene. cvclohexane, toluene

and nyridine were dried over calcium hydride. A1l other
chemicals were reagent grade and used without further
purification unless specified. All the lithiation reactions
and the reactions involving lithiated rssin intermediates
were carried out under inert atmosvhere in a svecially

designed flask fitted with a coarse porosity fritted glasc

filter. This one-diece reaction vessel allowed the addition

N

7,

or removal of solvents and excesg reagents or by-oroducts,
the washing of the resin, etc., without transfer or exposurs
to the atmosohere.

Infrared snectra were recorded on a Beckman IR~
20A smectronhotometer using potassium bromide pelleté.
Nuclear masnetic resonance spectira were measured on &
Varian T-60 or z Varian HA-100 instrument using tetra-
methylsilane as the internal standard (£= 0 om). Unless
otherwise indicated, the solvent was CDCI?. The data

reported refer to 100 MHz srtectra with a TilS lock at room

temnerature unless otherwise stated. The nmr data are

|1}

reported with the shape of the sipnals (s = singlet, d

doublet, t= trinlet, m=multinlet), the integration, courling

e erminge st
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constant and assignment whenever possible. Unresolved
signals are reported with a § corresponding to the center
of the signal. The nmr spectra of compounds having benzoyl
protons always showed two distinct groups of signals. The
lower field signals correspond to the protons ortho to the
carboxyl functionality and the higher field signals
correspond to the meta and rara protons.

Ontical rotations were measured in & Perkin
Elmer 141 nolarimeter using a 1 dm cell; all rotations were
measured at approximately 25°C. Elemental analyses were
performed by Chemalytics Inc., Galbraith Laboratories or
M-H-W Laboratories. Halogen analyses were done in this
laboratory using a Parr peroxide bomb with 200-300 mg
samples of the halogenated resins.

Thin layer chromatography was performed on 0.25
mm pre-coated silica gel nlates from lacherey-Nagel and
Co. using benzene-ether or ethyl acetate-petroleum ether
for elution. Column chromatography was carried out on
E. 1, Laboratories' silica gel (70-32% mesh). GColumn
chromatography was monitored by thin layer chromatography.
All solvents used for elution were distilled prior to use

to remove all nonvolatile impurities.

The workup of the acetone-water solutions obtained

after cleavage of the desired products was carried out as
follows. The solvent was evaporated to dryness and the
residue extracted with chloroform. The chloroform vhase

was washed with water then dried with magnesium sulfate.
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After filtration and decolorization with charcoal where
necessary, the chloroform was evaporated to give the crude
products, the vields of which are reported. 1In most instances
the crude vroducts contained a small amount of an impurity,
such as benzoic acid for products which had been benzoylated.
This was removed by passing the product through a column
of silica gel. The faster moving impurity was eluted first

and the slower moving desired product was eluted next.

Washine of cross-linked polvstvrene resins

The resins were washed routinely to remove
surface impuritiesap’mo. The following solutions were
used at 60-80°C with, in each case, a contact time of
2N-60 min. with the resin: 1N NaOH, 1N HC1, 2N NaQH -
dioxane (1:2), 2N HCl-dioxane(l:2), H50, methanol,
methanol-dichloromethane(l1:3), methanol-dichloromethans

(1:10). The resins were dried under reduced pressure at

20-70°¢.

Bromination of a macroretxicular resin with excess bromine

One hundred gramc of drv Amberlite XE-30f% resin

were suspended in 1 liter of dry carbon tetrachloride and 1

g of anhydrous ferric chloride was added. The reaction
mixture was stirred in the dark while a solution of 60 ml
(175,7 ¢) of bromine in 250 ml of carbon tetrachleride

was added clowly. The reaction mixture was then stirred
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overnight at room temperature. The resulting mixture, which

still contained free bromine, was filtered and the resin
washed with acetone until all the bromine coloration had
disappeared. Further washings were made with dioxane-
water (2:1) and butanone. After drying in vacuo at 60°C
the cream-colored polymer weighed 145.1 g and contained
3.93 meq. of bromine per gram The resin obtained by this
procedure was, however, not very homogeneous.
A duplicate experiment carried out under the same

conditions yielded a colored product containing 3.3 meq

of bromine per gram.

Bromination of a 1% cross-linked polyvstyrene resin

To a suspension of 40 g of washed resin (Bio-

Beads SX-1) in 400 ml of dry carbon tetrachloride, 2.0 g
of thallic acetatewere added. Over a period of 30 min.,
9.0 ml (26.4 g) of brominewere added droowise to the
mixture in the dark. After stirring 2 hours, the resin
was filtered and washed with carbon tetrachloride, acetone,
acetone-water (1:1), acetone, benzene and methanol. After
drying under vacuum, 50.1 g of this resin containing 3.0

meq per gram were obtained.

Preparation of polymeric boronic acid -(E)B(OH)G (macro-

reticular resin)

n-Butyl lithium (45mlof a 1.6 M solution, 72

meq) was added to a suspension of 20.10 g of brominated
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macroreticular polystyrene (2.8 meg Br per gram, 56.3 meq)
in 125 ml of dry tetrahydrofuran under a nitrogen atmos-
phere and stirred for 30 min. Following removal of the
solvent (by use of a syringe or by filtration), the procedure
was repeated. After 1 hour at room temperature the solvent
was again removed and 45 ml of tBuli (1.6 M, 72 meq) was
added and stirred for 4% hours. Following removal of the
solvent and addition of dry tetrahydrofuran, the mixture
was cooled to -78"C and, after addition of 16 g (154 meg)
of trimethylborate, stirred at room temperature overnight.

The resin was filtered and suspended in 140 ml
dioxane/ 15 ml HC1/ 35 ml H,0 for 1 hr. at 50°C. Following
filtration, it was washed with water, acetone and methylene
chloride and dried under vacuum at 60°C. This yielded
19.10 g of resin containing 1.90 ﬁeq B per gram ( 2.05% B).
The infrared spectrum showed a large hydroxyl absorption
centered at 1450 ——

Other macroreticular boronic acid resins vprepared

in the same way contained from 0.4 to 1.9 meq of B ver gram.

Preparation of wnolvmeric boronic_ acid (E}B(OHlﬁ (swellable)

A suspension of 15.01 g of brominated polystyrene
containing 2.96 meq Br ver gram and 64 ml of n-butyl
lithium (1.6 i, 0.102 moles) in 120 ml of dry benzene was
refluxed for 2.5 hours under a nitrogen aimosphere. The
resin was filtered, washed twice with benzene and suspended

in 150 ml of THF to which 18 ml (0.158 moles) of trimethyl-
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borate were added. After stirring at room temperature
overnight, the ligquid phase was removed and the resin
washed with THF. After addition of 140 ml of dioxane, 12
ml of water and 36 ml of HC1l, the mixture was heated to
60°C with stirring for 1.5 hours. The resin was then
collected on a filter and washed repeatedly with dioxane-
water (3:1), dioxane, acetone, and finally methanol.

The drv resin weighed 12.96 g and its infrared spectrum
included a large hydroxyl absorption. The analysis

showed 3.4% B or 3.15 meq per gram.

Prevaration of @}—B(OH)2 from a swellable resin bv direct

1ithiation of volvstvrene

To a suspension of 10.0 g of washed 1¥ cross-
linked resin (Bio-Beads S¥X-1) and 10.4 ml (7.9 g, 68 meq)
of tetramethylethylenediamine (T#EDA) in 100 ml of dry
cyclohexane, 56 ml (S0 meqg) of 1.6 il n-Buli were added.
The reaction was carried out under a nitrogen atmosphere
in the specially designed reaction flask. The mixture
was stirred at 65°C for 4 hr, and, after cooling to room
temnerature, the resin was filtered and washed with
cyclohexane. Following the addition of 100 ml of dry
THF, the reaction mixture was cooled to -78°C and 15 ml
(132 meq) of trimethylborate were added. After stirring
at room temmerature for 30 min., the resin was filtered,
washed with THF and treated with 25 ml of HC1l, 50 ml of

H,0 and 100 ml of dioxane overnight.
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The mixture was stirred at 60°C for 90 min.
After cooling, the resin was filtered and washed with
dioxane-water {1:1), water, THF-water (3:1), THF, acetone
and methanol. The resin was washed with each solvent
system several times. The dried resin weighed 9.23 g and
its infrared srvectrum included a large hydroxyl absorption.
The elemental analysis indicated that the resin contained
1.88% boron or 1.74 meg of B per gram. Other resins
prepared in this manner contained form 0.76 to 1.06 meg

of B per gram.

Estimation of the degree of functionalization of a nolvmer

The degree of functionalization of a polystyrene
resin is the fraction of the styrene units which carry
the funetional grouns. For examplé, in a polystyryl-
boronic acid resin containing 3.4% boron or 3.15 meq of B
ner gram, the molecular weight of the repeating unit is:

1000 _

332 = 317.5, assuming that all boron is present as a-

nolvstyrylboronic acid.




SR

R

85
The molecular weight of one unit of polystyryl-
boronic acid is 147.8 while that of unsubstituted voly-
styrene is 104. Therefore the relative number of units

without functional groups is: 317.%5 - 147.8 = 1.6,
104

Hence the degree of functionalization is: 1 = 0.33
1+ 1.

so that 384 of the aromatiec rings in the resin contain

OH
R
™~ o4

substituents.

Prenaration of monobenzovylated 1,2,3~-oronanetriol

A mixture of 4.14 g of macroreticular (:)——B(OH)2
(.37 meq/g or 1.53 meq) and 1.2 g (13.0 meqg) of 1,2,3-
propanetriol was suspended in £0 mi of drv toluene.
Following a one hour reflux, 30 ml of solvent were removed
in an agzeotropic distillation. The mixture was refluxed
for another hour after the addition of 30 ml of drv 2yridine
and azain 5 ml were distilled off. Five ml (6.0% g, &3
meq) of benzovl chloride were added and the mixture was

tirred at room temrerature overnight.

0]

The colvent was removed from the reaction mixture
with a svringe and the resin was washed twice with dry
benzene. Following filtration, the resin was ftreated
twice with 50 ml of a 4:1 acetone-water mixture to cleave
the resin-bound diol. The filtrate was concentrated and

the »nroduct extracted in chloroform. Evaporation of the

¢ s wen e ram e AR i et 10 SR A A
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solvent and drving under vacuum yielded 0.29 g of an oil
(067 yield based on the resin). Chromatozradhy of the
reaction mixture on 50 g of silica gel with ethyl ether as

eluent gave 53 which was contaminated by a small
. P d

prorortion of the isomer 354.
I~

“

-

H

| 1
?HZ—?—Cl{z_OBZ T“Z-L“'-CI{Z-OJ»{
OH 0OH QH OBz

53 st

The nmr spectra included sizgnals centered at
§7.0L (m, 2H, two aromatic H), §7.28 (m, 3H, three aromatic

H), §5.07 (m, «0.1 H, central H of isomer 5%), £4.31 (4, 2H,
f
-CH,-0Bz), ¢3.°2 (m, 1H, -?-g of 53) and §3.60 (m, “4H,

~~

~CH,OH + 2 -0H).

Prenaration of monobenzoviated 1,2,4-trihvdroxvbutane

The reaction was carried out as above using
5.61 g of macroreticular resin (1.2 meq B/g or 6.56 meq),
1.0 g (13.19 meq) of 1,2,k-trihvdroxybutane and &0 ml of
drv toluene. Following two azeotropric distillations, =~
ml (43 meq) of benzoyl chloride were added. A work-up
as before yielded 1,1¢ g (87% based on the resin) of an
011 which after fraptionation on 50 g of =ilica gel gave

onlv one isomer (71) in isolated form, o»lus a mixture of 71
~

and 72 in the ratio of 4:1 as estimated by nmr suectrosconyv.
< oA
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?HZ_?H—CHZ_?HZ ?HZ—fH-CHZ-THZ
Bz0O OH OH OH OH OBz
71 72

Compound 71, crystallized from ether-petroleum
ether and recrystallized from the same solvent, had a
melting point of 53-55 C. Analysis: Cale. for CqiH,; .0,
(KW 211.26): C 62.83, H 6.73%. Found: C 62.58%, H/6.69%.
Compound 72 could not be crystallized and was characterized
by its nmr spectrum. The nmr spectra iﬁcluded peaxs centered
at §8.04 (m, 2H, two benzoyl H), §7.44 (m, 3H, three benzoyl
H), §4.30 (m, 3H, OCﬂZOBz‘of each isomer), §3.94 (m, L4H,
-CH,0H of 71), §3.55 (d, O0.4H, minor isomer 72), J 3.40 (m,
0.2 H, minor isomer 72}, £1.77 (%, 2H, C-CH,-C (central)).
Exnansion of sweep width to 500 czs on the DZO«exchanged
samnle of the mixture gave two triplets- {(a): centered at
§£41.38 and (b): centered at §3.77 corresponding to the
-CH, 0Bz of lisomer 72 and the -CH,0H of isomer 71. These
peaks were cut out and weighed giving the ratio (a)/(b)
237 to 779. Spin decounling at d1.77 (C-CEZ—C-) on the
same samnle gave singlet neaks (c¢): S4.40 and (d):§3.7¢.
Cutting out and weighing »f these peaks gave the ratio

(e)/(d) 207 to 80%. Therefore the vroduct is composed

Q
-4y

avoroximately 789 of isomer Z& and 22¢ of isomer 72.




88:

Prevaration of monobenzovlated 1,2,4-butanetriol on a

1% cross-linked resin

A 17 cross-linked (®)-B(OH), resin (2.87 g, 6.53
meq) was added to a solution of 0.70 g (6.60 meqg) of
1,2,4-butanetriol in 70 ml of dry benzene. After refluxing
for 1 hour, 10 ml of solvent were removed by an azeotropic
distillation. This procedure was repeated and the reaction
mixture was cooled to room temperature. The resin was
filtered to recover uncoupled triol (0.035 g, 0.3 meq)
and then stirred with a solution of 5 ml (43 meqg) of
benzoyl chloride in 60 ml of dry pyridine overnight.
Following filtration to remove soluble by-products, the
monobenzoylated derivative was cleaved from the resin by
treatment with 100 ml of a 4:1 mixture of acetone-water.
This vielded 0.68 g of monobenzoyiated 1,2,4-butanetriol
(81% yield considering recycling of recovered uncoupled
triol). The nmr spectra were identical to those described
for products 71 and 72 . The ratio of isomers in this
crude mixture was again determined by the ratio of the
areas of the peaks at §4.38 (t) and £3.77(t). The ratio
of isomer 72 to 71 was 17% to 83% in the crude

nixture.

Preparation of 6~0-trityl-1,2-dihvdroxyhexane (79)

Wg 7&:‘ TS g ey =

1.2,6-Hexanetriol (0.80 g, 5.96 meq) was coupled

to a swellable (2)~B(OH), resin (2.82 g, 2.17 meg) in 70
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ml of dry pyridine. After the usual azeotropic distillations
the solvent was removed and 40 ml of dry pvridine and 2.5 g
(0.0 meq) of trityl chloride were added and stirred over-
nisht at room temperature. Following cleavage with %4:1
acetone-water and the usual work-up, 0.34 g of tritylated
triol was isolated as an oil. The uncoupled triol (0.36 g,
2.7 meq) was recovered and the yield of product was 42%, The
nmr spectrum showed signals at §7.30 (m, 15 H, trityl groun),

§3.56 (m, 3H, ?HZ—?-ﬂ)’ £3.08 (t, 2H, -CEZ—OTr), £2.61
OH OH

(s, 2H, 2 -OH), £1.58 (m, 6H, —(QEZ)B.

Prenaration of &-0-benzovl-1l,2-dihvdroxvhexane (gp)

Following the same general procedure 4.¢8 g of
macroreticular resin (1.2 meq B/g o6r 5.73 meq) and 1.30 g
(0.69 meq) of 1,2,6-hexanetriol were suspended in 50 ml of
dry toluene. After the azeotropic distillations, & ml (473
meqg) of benzoyl chloride were added. After cleavage with 4:1
acetone-water and the usual work-up, 0.74 g (55% yield with
resnect to the resin) of vroduct were isolated. The oil was
purified by passing it through a column packed with 50 z of
silica gel (eluent - ethyvl ether) and characterized by its
nmr spectrum, which included signals at §8.08 (m, 2H,
benzoyl), §7.48 (m, 3H, benzoyl), §4.36 (%, 2H, —CﬁZ-OBz),
§3.62 (m, 3H, -(131{-032-0H), §3.20 (s, 2H, 2 -OH), §1.74 (m,

OH

6H, ~(CHp),).
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Preparation of monobenzovlated 2-ethvl-2-(hydroxymethvl)-

1,3-orovanediol (81)

2-Ethyl-2- (hydroxymethyl)-1,3-propanediol
(2.00 g, 15 meq) and .05 g of (B}B(0H), resin (1.90 meq/g
or 7.96 meq) were suspended in 50 ml of dry toluene and
refluxed for 1 hr. Following the usual azeotropic
distillations, 6 ml, (51 meq) of benzoyl chloride were
added and stirred overnight at room temperature. The
yvield of monobenzoylated product after cleavage and work-
up was 1.09 g or 60% based on the resin. Purification on
50 g of silica gel (eluent:1:1 ethyl acetate - petroleum
ether, b.p. 30-60°) gave the desired product with m.p.
59-60°. The nmr spectrum included signals at £8.02
(m, 2H, benzoyl), §7.44 (m, 3H, benzoyl), S4.42 (s, 2H,

_CEZ“O-F-Ph)’ £3.68 (m, 6H, two -ngog groups), §1.44
0

(g, 2H, =CH,- of TCHZCHB), §0.95 (%, 3H, CﬂBCHZ).

- 43
Preparation of 2,3-di-0-benzoyl-®-D-galactopvranoside (§§)'

ilethyl «-D-galactopyranoside (3.15 g, 4.48 meq)
and macroreticular (:}B(OH)Z (2.56 g, 4.48 meqg) were
suspended in 55 ml of dry pyridine. Following two
azeotropic distillations, 13 g (88 meq) of benzoyl chloride
were added and stirred at room temperature overnight.
After filtration, the resin was washed several times
with dry benzene and the boronate ester was cleaved by

treatment with 50 ml of a 4:1 mixture of acetone and water.
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Following filtration and removal of the solvent, the
product was extracted in CHClB, concentrated and dried.
This yielded 0.61 g of the product for a 34% yield based
on the resin. Purification on 60 g of silica gel with
an ethyl acetate-petroleum ether (3:1) eluent, the product,
which failed to crystallize, had a specific rotation
B{]D (e=1, CH013)= +200.1°. Analysis: Calec. for C,qH,5,504
(liWw 4o2.43): C 62.67%, H 5.52%. Found: C 62.36%, H 5.12%.
The nmr spectrum included signals at £7.98 (m, 4H, benzoyl),
§7.42 (m, 6H, benzoyl), §5.70 (m, 2H), §5.21 (m, 1H),
§4.48 (m, 1H) for Hy, Hy, HyHys §4.02 (m, 3H, -CH,- and
H5)’ §3.45 (s, 3H, -OCEB), §3.26 (s, 1H, -0H) and §2.68
(s, 1H, -OH).

Prevaration of methvl 2,3-di-0-benzoyvl-4,6-di-0-(p-~

tg'J_vls:ulfonvl}—ol-D—sczail.actonvranosideq3

To a solution of 0.37 g (0.93 meq) of methyl

2,3-d1-0-benzoyl-«-D-galactopyranoside in 5 ml of dry
pyridine were added 0.44 g (2.34 mea) of 4-toluenesulfonic
acid. The mixture was stirred at 50°C for two days,
cooled to room temperature and poured over 12 ml of

saturated agqueous Na,COB. The o0il was extracted in
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three 6 ml portions of CHClB, washed with H,0, concen-
trated and dried to vield 0.4¢ g (71 %) of tan-colored
crystals. Two recrystallizations from 3 ml of 1:1 methanol-
ether gave white crystals melting at 122-123"C and having[“L)

(c=1, CHOL,)= +145". Lit. m.p. 128-129°, [d]D=+15o°.“’3

Preparation of methyl 2,3—di-O—benzovl—d—D—glucooyran—
oside (89)27*
ilethyl «-D-glucopyranoside (3.5 g, 18 meq)
was added to a suspension of macroreticular (:)-B(OH)2
(3.00 g, 5.3 meq) in 55 ml of dry pyridine. The water
formed in the couéling reaction was removed by two
azeotropic distillations (15 ml total). Benzoyl chloride
(15 g, 107 meq) was added to the mixture and was stirred
overnight at room temperature. Following the usual work-
up, the yield was 1.12 g (53%). Fractionation on =a
column of 100 g of activated silica gel using ethyl
acetate as eluent gave the product as an oil which failed
to crystallize and had an Bq}) (e=1, CH013)== +162.7°.
Analysis: Cale. for C5yH,,0g (MW L02.43): C 62.67%,
H 8.52%, Found: C 62.41%, H 5.36%. The nmr spectrum
included signals at §8.00(m, 4H, benzoyl), §7.4L4 {(m, 6H,
benzoyl), §5.75 (m, 1H), 4 5.20 (m, 2H), for Hy, H, and H3;53.96
(m, 5H, =CH,-, Hy, H.), §3.47 (s, 3H, -OCHB), §2.22 (b.s,

~

ZH, _OH)-
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Prenaration of methvl 3-0-acetvl-d-TD-xvionyranoside 191)30

Counling was accomplished as before using 1.87 g
of 19 cross-linked resin (3.15 meg/g or 5.95 meq) and 0.81
g (4.l meq) of methyl o -D-xylopyranoside in 235 ml of dry
nyridine. Following the azeotropic distillations, addition
of 5 ml (49 mec) of acetic anhvdride and cleavage with 4:1

acetone~water, the crude product was extracted in CHC]_,3

and worked-up as usual with an additional wash with aqueous

Na,CO,. This yielded 0.91 g (84¢") of the svrupy oroduct
containing a trace of impurity. Crystallization from ethyl
acetate-petroleum ether yielded white needle-like cryvstals

melting at 110-112°C and having an [¥] ) (c=1, cHel

2
-

Analysis: Cale. for CBthoé (W 206.22): C 46.5¢%, H 6,864,
Found: C 4€.82%, H 7.12¢. The nmr svectrum included

signals centered at §5.05 (%, 1H, J= 8.2, H,), §1.72

_

(4, 1, J; 5=2.5, H)), §3.68 (m, &, ¥, H, 2H,.)

§2.46 (s, 3H, -OCHQ), §2.83 {(b.s., 2H, 2 -0H), §£2.18 (s,

3H, Cﬁq-QO—). The nmr spectrum of This compound is shown
- 0

in Figure 3.

2

)= +148° .
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Preparation of methyl 3-0-benzoyl-/2 -D-xylopyranoside (25)30
Methyl A-D-xylopyrenoside (1.30 g, 7.73 meq)

and (:}B(OH)Z (4.05 g, 1.0l meq/g or 4.09 meq) in 50 ml

of toluene was coupled as before with azeotropic distill-

ations followed by treatment with 6 ml (43 meq) of

benzoyl chloride in pyridine. After cleavage and work-up

0.51 g or 47 % of an oil wereobtained which was crystallized

from ethyl acetate-petroleum ether yielding white crystals

melting at 131-133C and havingld_ (c=1, dioxane)

-15.6°. Analyesis: Calc. for 013H1606 (mw 268.29):

¢ 58.19%, H 6.02%. Found: C 58.19%, H 5.91%. The nmr

spectrum showed signals at §8.04 (m, 2H, benzoyl), §7.43

(m, 3H, benzoyl), §5.08 (t, 1H, J = 7.6 Hz, H,.), §4.35

, o= 6 Hz, Hy), §2.92 (m, 3H, Hy, H,, 0H), §3. 2

-3~

(¢, 14, J

(s, 3H, -0CH.), §3.14% (m, OH). (See Pigure & ).

GH, 2H5,

-

3
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Preparation of methyl A-D-ribopyranoside (gé)

A mixture of 5 g (33.3 meq) of D-ribose and
0.5 ml of acetyl chloride in 40 ml of spectrograde meth-
anol was refluxed overnight. The completion of the
reaction was determined by tlec (benzene, ether, methanol
7:2:1 as eluent). After cooling and neutralization with

CaCo the so0lid was filtered, washed with 10 ml of

3'
methanol and the filtrate concentrated to a thick oil
containing both anomers of methyl-D-ribepyranoside.
Separation of 3.3 g of the mixture of «£- and - anomers

was accomplished on a column of anion exchange resin

(Bio-Rad analytical grade AGl-X2, 200-400 mesh, hydroxide

form), measuring 49 x 2 cm. The resin was packed in the
column, treated with 100 ml of 2N NaOH and washed with
boiled, distilled water until the eluent was neutral.
2.07 g of the fA-anomer was obtained as white crystals

having a melting point of 82-83°C and [é]D (c=1, MeOH)=

o RZ . -
-107°. Literature value: m.p. 82 C-7 and [&]D (c:O.h;,HZO)

e N . .
= ~-105.0 5”. Other fractions which were cextrorotatory

a-znomer ) were dicarded without characterization. The

nnr snrectrum of the A-anomer in D,0 contalned signals at
. e ~ v ~

§h.78 (m, LH, Hy, H,, Hy, Hy), §3.86 (m, 2, 2H.), 4329

(s, 3, -OCH,).
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Preparation of methvl 3-0O-benzovi-A-D-ribopvranoside (98)

A mixture of 0.54 g (3.30 meq) of methyl A-D-
ribopyranoside and 2.00 g (5.22 meq) of 1% cross-linked
(:)—B(OH)Z in 90 ml of dry pyridine was reacted in the
usual way. After three azeotrovic distillations, £ ml
(36 meq) of benzoyl chloride were added. Following work-
up, 0.96 g of an oil was isolated. Fractionation on a
co;umn containing 40 g of silica gel using ether-benzene
1:4 as eluent yielded 0.49 g (51%) of white powdery
crystals. Recrystallization from ethyl acetate-petroleum
ether gave white needle-like crystals having a melting
point of 107—108°C and an Ed D (c=1, CHC13)= -49°,
Analysis: Cale. for 013H1606 (MW 268.29): C 58.19%, H
6.02%. Found: C 57.0¢ , H6.10. The nmr spectrum
included signals at §8.06 (m, 2H, 2 benzoyl), 47.46 (m,
3H, 3 benzoyl), §4.84 (s, 1H, Hy), §4.36 (m, SH, H,, Hjy,

O Hy. 2 H5)' £3.48 (b.s., 2H, 2 -OH), §£3.33 (s, 3H, -OCHB)'

The nmr spectrum is shovwm in Figure 2.
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Prevparation of methvl 3-0O-acetyl~A-D-ribopyranoside (29)“6

To a solution of 0.70 g (4.29 meq) of methyl
A-D-ribopyranoside in 90 ml of pyridine were added 4.04 g
(3.32 . meq) of 1% cross-linked (:)-—B(OH)2 resin. Following
two azeotropic distillations and removal of the uncoupled
sugar (0.21 g, 1.28 meq), 5 ml (49 meq) of acetic anhydride
in 50 ml of dry pvridine were added. After stirring at
room temperature overnight and the usual work-up, 0.60 g
of an o0il was obtained. TFractionation on 10 g of silica
zel, with eluent changing from 1% ether-benzene to 20%
ethanol-benzene when the fast-moving impurity was removed,
gave 0.37 g (607) of the 3-0O-acetyl derivative. Crystalli-
zation from ethvl acetate-petroleum ether gave white crystals
melting at 112°C and having an [«] 5 (e=1, CHC1,) = -141.5°.
Literature value: m.p. 112-113°C ;nd [Q]D = —143°(CHCl ).bé
Analysis: Calc. for CgHy;0, (MW 206.22): C L46.59%, H ;5.86'77.
Found: C 46.52%, H 6.92%.
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Prenaration of metnvl 4-0-acetyl-d-L-rhamnopgyranoside (%an)'7

Nethvl d-IL-rhamnotyrancside (1.06 g, 5.98 meg) was
coupled to 2.03 g of C)—B(OH)2 (6.0 meq) in 60 ml of dry
ryridine by two azeoironic distillations. Treatment with
5 ml (49 meq) of acetic anhydride at room temperature for 1
hour znd at 20°C for 15 min. followed by cleavage with £0 ml
| of L:1 acetone~water gave an oll which was extracted in CHCI,
and washed with agueous NaZCOB' This yielded 0.86 g (65%) |
of crude product which showed only one ot on tlec (ether-

petroleum ether 1:1). Crystallization from ether-petroleum

ether gave white crystals with melting point 105-109°C and
[«], (e=1, oHC15) = -90°, Iit. value: m.p. 106 C. @]
{c=1.8, CHC13)= -55#1 Analysis: Calc. for C9H1606 (3w
220.25): C 4c,08, ¥ 7.34, Found: C 49.18, H ?7.41. The nnr
snectrum included signals at §L.82 (%, 1H, J - 10 Hz, Hy,)
$4.70 (s, 1H, Hy), §3.7% (m, 5H, 2 -OH, H,, Ha, H.) §3.38

(s, 3H, -0CH,), §2.13 (s, 3H, CHBCOO), £1.21 (a4, 3H, -OCHB).
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Prevaration of methyl 4-0-benzovl-4-L-rhamnopyranoside (%g?b)

Methyl «-L-rhanmopyranoside (1.07 g, 6.00 meq)
was coupled to the resin (2.03 g, 6.37 meq) in 55 ml of
dry pyridine in the usual way , followed by treaiment
with 6 ml1 (43 meg) of benzoyl chloride overnight at room
temperature. After work-up, 1.18 g (70%) of the product
was recovered. Purification on 60 g of activated silica
gel using 40% ethyl acetate-petroleum ether as eluent
yielded a white solid showing only one spot on tlc.
Crystallization form ether-petroleum ether gave white
crystals melting at 114-115°C with an [«] p (e=1, CHClj) =

-111.5°. Analysis: Calc. for Gy, H;g0, (MW 282.32):

C 59.56%, H 6.44%. Found: C 59.68, H 6.45. The nmr
spectrum included signals at 58.94 (m, 2H, benzoyl),

£§7.46 (m, 3H, benzoyl), £5.10 (t, 1H, J-9.5 Hgz, HQ), 4,78
(s, 1H, Hl)’ §4.01 (m, 3H, Hy, H3’ H5), §3.41 (s, 5H,
OCH,, 2 -0H), §1,29 (a. 3H, J=6 Hz, —CHB). The nmr spectrum

is shown in Figure 6.
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Prevaration of methvl 4-0-benzoyl-5-0-tritvl-d-D-manno-

pyranoside (107)
The water of hydration was removed from a

solution of methyl «-D-mannopyranoside (1.02 g, 4.80

meq) in 50 ml of dry pyridine by an azeotropic distillation.
Trityl chloride (1.75 g, 6.26 meq) was added and refluxed
for 1 hr. Coupling took place as usual with 2.03 g

(6.40 meq) of the 1% crosslinked resin, followed by
treatment overnight with 4 ml (29 meg) of benzoyl chloride.
Purification on 40 g of activated silica gel (eluent:

15% ether, 85% benzene) yielded a white amorphous solid
naving [l _ (e=1, cHC1.)= +91.8", m.p. 63-65°. Anaiysis:
Calec. for 033H3207(MW 540.65): C 73.31%, H 5.98%4, Found:

¢ 73.18%, H 5.82%. The nmr spectrum included signals at

§8.08 - £7.78, §7.43, §7.18; these signals are nultiplets

and represent a total of 20 protons - £ benzoyl and 15 trityl,

§5.27 (%, 1H, J=10 Hz, Hh)’ £4.8¢ (s, 1H, Hl), §4.00(m, =H, HZ’

H3| H5, 2 -OH)) 53-51 (S' BH, -OCL{B)’ 53.30 (d’ ZH, le,( HZ,

—C§20Tr). The nmr spectrum is shown in Figure 7.

PO
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Preparation of methyl 6-0-trityl-«-D-zlucopyranoside (LQ8)49’50

A solution of 10.0 g (0.05 moles) of methyl
e~D-glucopyranoside and 21.4 g (0.08 moles) of trityl
chloride in 125 ml of dry pyridine was stirred at room
temperature for 3 days. The solution was concentrated and
poured over 300 ml of ice-water. After decanting the
water, the semi-solid mass was extracted in 150 ml of
CHCl3 and washed with ice water. The concentrated solution
was treated with petroleum ether to remove any trityl
alcohol present. The crude product was crystallized
and recrystallized from methanol, yielding 15.7 g (70%)
of the product melting at 151-152°C and with [%]

(c=1, CH013)= +63.2°., The nmr spectrum included signals
at 7.32 (m, 15 H, 15 aromatic protons), {&4.70 (m, 1H, Hl),
§4.bo (b.s., 1H, -OH), §3.50 (m, 11-H, 2 -0H, H,, H,, H,

HE’ _CH

H,-, -och).

108 R=H

110 R==‘C6‘6H5

0
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Preparation of methvl 3-0-benzoyl-6-0-trityl-d-D-zluco-

pyranoside ({%p)

To a suspension of 1.88 g (4.90 meq) of (:}-.B(OH)2
in 80.ml of dry pyridine were added 1.53 g (3.51 meq) of
methyl 6-0-trityl-«-D-glucopyrancside. After three
azeotropic distillations the uncoupled sugar was recovered
by filtration (0.87 g, 1.98 meq) and 5 ml of dry pyridine
were stirred with the resin overnight at room temperature.
Following cleavage with a 4:1 acetone-water mixture, the
solution was concentrated and extracted in CHClB. After
several washings with saturated NaHCO3 solution, the

solvent was evaporated to give 0.68 g of an oil. This
represents a conversion of 36% based on the starting
material or a yield of 82% if the recovery and recycling

of the uncoupled sugar are considered. The 0il was crys-
tallized from ethyl acetate-petroleum ether giving a product
with m.p. 128-130"and [¢] | (e=1, CHC14) = +55.7 .

Analysis: Calc. for CygH,0, (MW 540.65): C 73.31%, H 5.98%.

Found: C 72.03, H 6.21. The nmr spectrum included

aromatic proton signals between £8.2 and§7.1 (20 H) representing

the 5 benzoyl and 15 trityl hydrogens, &5.07 (m, 1H, H3),

4,75 (broad s, IH, Hy), §4.32-£3.00 (m, 11 H, H,, H,, ¥,

H;, -CHZ—, 2 -0H, 4OCH3).
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Prevaration of 2,3,4,6,2',3"'-hexaacetyl-d,%-trehalose (%&g)

swellable (B)~B(OH), resin (1.95 g, 1.50 meq)

was added to a solution of 1.33 g (3.51 meq) of o,u-
trehalose in 100 ml of dry pyridine. Following two
azeotropic distillations, the uncoupled sugar (1.13 g,

2.96 meq) was removed by filtration. The resin was treated
with 6 g (43 meq) of acetic anhydride in 70 ml of dry
pyridine overnight at room temperature. After the usual
work-up, 0.14 g of product were obtained and recrystal-
lized from ethyl acetate-petroleum ether. This corresovonds
to a conversion of 7% and a yield of 44% after recycling of
the uncoupled do,&x-trehalose. The white crystals had a
melting point of 83-84°C and [*]D (c=0.5, CHC14)= + 58",
Analysis: Calc. for 024H34017: C 48.48%, H 5.78%. Found:

48,44, H 5.91. The nmr spectrum included signals at

-

§5.18 (m, 6H), £3.82 (m, 8H), §2.95 (s, 2H, two -OH),

P i ARG P

§2.13 (m, 18 H, six CHBEO—).
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Separation of cis and trans 1, 3~-cyclohexXanediols-batch

technigue

1, Separation of pure cis from the mixture.(llé)

A 17 cross-linked (B)}B(OH), resin (2.04 g, 6.42
meq) was suspended in a solution of 1.01 g (8.67 meq) of
a 2:1 mixture of ¢is and trans 1,3-cyclohexanediols in
128 ml of dry benzene. After stirring for 30 min., 15 ml
of solvent were removed in an azeotropic distillation.
The resin was filtered and washed with dry benzene. Both
the filtrate and washings contained a mixture of cis
and trans diols (0.50 g, 0.06 g). Treatment of the resin
with 50 ml of &:1 THF/HZO yvielded 0.38 g of the cis
isomer (m.v. 85-86") which represents a 56% recovery of the

cis isomer. (The overall recovery of both diols was 93%).

2. Sevaration of npure trans from the enriched mixture.(115)

The coupling reaction was repeated on 0.57 g
(L.87 meg) of the recovered cis-trans mixture and 1.56 g
(4.90 meq) of the resin. Evaporation of the filtrate
yielded 0.18 g of the trans isomer or 54% of the expected
trans 1,3-cyclohexanediol ( m.p. 114-115°C). The cleavage
product yielded 0.19 g of mixed product and the washings
0.05 g. (The overall recovery was 74%).

The nmr spectrum in d5-pyridine of the cis
1,3-cyclohexanediol included signals at £5.89 (b.s., 2H,
2 hydroxyls), §3.90 (m, 2H, 2 -S?E), £2.70 (m, 1H) and

§1.68 (m, 7H) are the eight -CH,- protons.
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The nmr spectrum in d5-pyridine of the trans
1, 2-cyclohexanediol included signals at §5.77 (s, 2H, 2
hydroxyls), §4.50 (m, 2H, _81_{@, £2.17 (%, 2H) and §1.85
(m, 6H) remainder of -CH,- protons. The nmr spectra agree

1

N g
with those reported by Finegold and Kwart- for the two

diols in pyridine solutions.

Separation of cis and trans 1,2-cvclohexanediols -- batch

technigue

A 1:1 mixture of c¢is and trans 1,2-cyclohexane-
diols (1 g, 8.6 meq) was added to a suspension of 1%
cross-linked (:}—B(OH)2 resin (2 g, 6.3 meqg) in 50 ml of
dry benzene. After removal of 15 ml of solvent by
azeotropic distillation, the resin was filtered and the
filtrate evaporated to yield O.MIg (80%4) of trans 1,2-
cyclohexanedioi (m.p. 102-103°). The resin was washed
several times with dry benzene and following evaporation
this gave a fraction containing both diols. Cleavage of
the cis diol from the resin with 20 ml of 4:1 acetone-
water, followed by filtration of the resin and evaporation
of the solvents gave 0.42 g (84%) of cis 1,2-cyclohexane-
diol (m.p. 98-99°C).

The nmr spectra of the isomers in CDC1l, soliution
were recorded at -35 C. The nmr of the cis isomer
included signals centered at §4.90 (b.s., 2H, 2 -0H),
§2.80 (b.s., 2H, two —g?ﬂ), §1.62 (m, 8H, four -Cﬂz-).

The nmr spectrum of the trans isomer showed signals

e e o s s e
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centered at £§5.39 (b.s., 2H, 2 -0H), £3.34 (b.s., 2H, two
H
-8—H), §1.60 {(m, 8H, four -Cﬁz-).

Separation of cis and trans 1,2-cyclohexanediols-column

technigue

A solution of 0.42 g of a mixture of
cis and trans 1,2-cyclohexanediols (3.60 meq ) in 1 ml
of pyridine was applied to a column (10.5 x 2.4 cm)
containing 6.85 (15 meq) of (E)-—B(OH)2 resin. The un-
coupled trans diol, 0.3 g, was eluted with benzene and the
cis isomer, 0.1 g, was cleaved from its support with
benzene/ 3% methanol. The nmr spectra were identical to

those of pure trans and cis 1,2-cyclohexanediols, respec-

tively.

Separation of cis and trans_1,3-cvclohexanediols-column

technigue.

A mixture of cis and trans 1,3-cyclohexanediols
was separated on a column similar to that described abéve.
The 0.37 g sample dissolved in 1 ml of pyridine was
applied to the column and the trans isomer, 0.10 g, was
eluted with benzene. The cis isomer, 0.12 g, was eluted
with 5% methanol/ benzene. The nmr spectra of these
compounds corresponded to those of pure itrans and gis

1,3-cyclohexanediols.
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Separation of cis and trans 1,4-cveclohexanediols - column

EmernToTee s a4 e

technigue
A column (6.7 x 2.4 cm) was packed with 7.48 g

(16.5 meq) of 1% crosslinked (:}-B(OH)Z. 0.91 g (7.83

meq) of a 1:1 mixture of cis and trans 1,4-cyclohexanediol
dissolved in 2 ml of pyridine were applied to the column
and eluted with benzene. 0.79 g of diol (87%4) were recov-
ered in fractions containing various amounts of each isomer.
The last fraction contained 90% of one isomer (cis) and

10% of the other. The nmr spsﬁtrum in dé—DMSO includeg
signals at §4.46 (4, 1.8 H, -C-H), §4.33 (4, 0.2 H, —8:5),
§3.46 (m, 2H, two -OH), 8§2.54 (m, DMSO), §1.48 (m, 8H,
-CH,-)
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CONCLUSION

The purpose of this project was
polystyrylboronic acid resin and to study its selectivity
as a diol protecting group. By synthesizing several
partially acylated carbohydrate derivatives, it was found
that the resin was highly selective. Intermediate resin-
bound cyclic boronates were formed with hydroxyvl groups
cis to each other. As well six-membered rings were formed
in preference to five-membered rings. The resin was also
used successfully as a selective "adsorbent” for the
separation of cis and itrans cyclohexanediols by affinity
chromatography.

Since the resin vlays a critical role in the
coupnling reaction, the preparation of the resin should
be studied further to make its degfee of functionalization
more predictable. Some of the resins used in this work
gave consistently lower yields than other resins and the
cause of the problem could not be located. It is likely
that the vields reported for several of the compounds
which were prepared would have been higher had a different

batch of resin been used in the reaction.
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CLAINMS TO ORIGINAL RESEARCH

ll
2.

The design of a fully regenerable polymeric reagent.
The preparation of a polystyrylboronic acid resin by
partial functionalization of cross-linked polystyrene
resins.
The use of the polvstyrylboronic acid as a diol
protecting group and the study of its addition and
removal under very mild conditions.
The study of the selectivity of the resin in reactions
with polyols containing more than cne potential reaction
site.
The application of the polystyrylboronic acid to the
selective functionalization of polyols in "one-pot”
systems.
The use of the polystyrylboronié acid in the separation
of cis-itrans diol mixtures on the basis of their
stereochemistry by affinity chromatography.
The preparation of the previously unknown compounds:
(a) Hethyl 6-0-tritvl-4-0-benzoyl-d-D-mannopyranoside
(b) Methyl 6-0-trityl-3-0-benzoyl-«-D-glucopyranoside.
) llethyl 3-0-benzoyl-f~D-ribopyranoside
) Methyl 2,3,4,6,2',3"'-hexaacetyl-«,«-trehalose
(e) Methyvl 4-0-benzovl-a-IL~rhamnovyranoside
)

1-0-Benzoyl-3,4=-dihydroxybutane

SO ——
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