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Abstract: A procedurefor the solid phase synthesis of 1,2-diolsand
y-lactones from a-(hydroxy)crotylstannane has been developed
through transmetal ation with InBr,. A variety of 1,2-diolsand y-lac-
tones were synthesized in satisfactory yields and, in some cases,
with excellent diastereosel ectivity. The products are formed free of
tin contamination.
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Combinatorial organic synthesis on solid supports has
emerged as an important tool in lead structure identifica-
tion and optimization in drug discovery.! Withinthisfield,
considerable effort has been made to establish thefeasibil-
ity of adapting established solution phase reactions to sol-
id supports. Nonetheless, methods for stereoselective
construction of carbon-carbon bonds on solid supports re-
main highly underdeveloped. In that connection, we be-
came interested in extending the applicability of solid
support technology to additions of y-oxygenated allylic
indium reagents to afford stereochemically defined 1,2-
diols. Specifically, we wished to explore the synthesis and
transformations of a-oxygenated alylic stannanes teth-
ered to the support through an ether linkage anal ogous to
known reactions of the corresponding OMOM or OBOM
derivatives.? The chemistry of interest involved transmet-
aation of the stannane with InBr; to form the indium de-
rivative (Scheme 1) and in situ addition of these reagents
to aldehydes.®
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Initial studies were conducted with the racemic Bu;SnLi
adduct* of crotonaldehyde 1 and a polystyrene resin with
an attached chloropyran group.® However, the tetrahydro-
pyranyl ethers of 1 could not be prepared. We therefore
elected to esterify the hydroxyl group and explore the
transmetal ation/addition of the acylated material. As this
chemistry was previously unexplored, we first conducted
solution phase studies on the benzoate derivative in order
to establish experimental conditions and, if possible, de-
termine the probable scope of the additions. Thus, ben-
zoylation of the hydroxy stannane 1° with benzoyl
chloride, in the presence of i-Pr,NEt, 4-(dimethylami-
no)pyridine (DMAP) in CH,Cl,, afforded benzoate 2’ in
90% yield from crotonaldehyde (Scheme 2).

When stannane 2 was treated with InBry (3 equiv.) at
—78 °C followed by the addition of 3 equivalents of cyclo-
hexanecarboxaldehyde, the expected hydroxy ester 4a
was not formed to an appreciable extent. However, when
20 equivaents of adehyde and only 1.2 equivalents of
InBr; were employed the addition product, admixed with
inseparabl e tin by-products, was abtained. Treatment with
NaOMe in MeOH/THF (1:4) produced the anti 1,2-diol
5a (Scheme 2). Unfortunately, despite effortsto effect pu-
rification by chromatography, the diol remained contami-
nated with stannane by-products and the yield could not
be determined. This experiment led usto conclude that the
solid-support protocol may be particularly well suited for
these additions and no further work was conducted in so-
[ution.

Scheme 2
OR InBr,
/\)\ InBrg, EtOAC
—_—
Me SnBus -78°C Me Zocoph
1R=H
2R= PhCE a
¢-CgH1,CHO
OR
N c-CgH
Me/\/ks/ 67111
OH

4a R = COPh
5aR=H 4_—|b

Scheme 2 &) PhCOCI, i-Pr,NEt, DMAP, CH,Cl, b) NaOMe,
MeOH/THF (1/4)
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The supported a-(benzoyloxy)crotylstannane 68 was
readily prepared from a commercially avail able carboxy-
lic polystyrene resin.®1° The resin was swirled with the
a-(hydroxy)crotylstannane 1, 1-(3-dimethylaminopro-
pyl)-3-ethylcarbodiimide hydrochloride (EDCI) and
DMAP in CH,CI,* at room temperature for 16 h. After
consecutive alternate washingswith CH,CI, and ether, the
resin was dried in vacuo. A suspension of dried resin in
EtOAc was added to a solution of aldehyde (20 equiva-
lents) and InBr; (1.2 equiv.) in EtOAc at —78 °C and the
reaction mixture was allowed to reach room temperature.
After 5 h, the resin was washed alternately with CH,CI,,
and ether. It was then suspended in MeOH/THF (1/4) and
treated with NaOMe'? after which, simple filtration led to
the 1,2-diols 5% (Scheme 3). The results are summarized
inTable 1.

Tablel Synthesisof 1,2-Diols5a-e and 9a-e.

entry RCHO Yield [%]® 59
a" n-C¢H;;CHO 57 100:0
bb ¢-C¢H,;CHO 58 100:0
cté CH;CH=CHCHO 50 57:43
a7 PhCHO 90 50:50
et p-CIC¢H,CHO 82 47:53

(a) Theyields are reported for the three-step process (from 1).

The syn/anti ratio of the 1,2-diols, synthesized from aro-
matic aldehydes, was determined by *H NMR analysis.®
For the 1,2-diols, synthesized from aliphatic aldehydes,
this ratio was determined after selective silylation of the
alylic alcohols 5a and 5b to 10a?°?! and 10b?!?2 as these
are known compounds (Scheme 4).

Theformation of theanti-1,2 diols5a and 5b from the two
aliphatic aldehydesis suggestive of areaction pathway in-
volving acyclic transition state of type A (Figure 1). Con-
ceivably both (E)- and (2)-allylic indium intermediates
(E)-7 and (2)-7 are produced in the transmetal ation reac-
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Figurel Possiblepathwaysfor addition of alylic indium reagents
to aldehydes

tion. It isknown that (E)-allylic stannanes are more reac-
tive than the (2)-isomers in additions to aldehydes.?®
Thus, if the energy of transition state of type B was signif-
icantly higher than that of transition state A, we could ex-
plain the high selectivity and lower yields of adducts 5a
and 5b. The lower selectivities observed for adducts 5c-e
could be explained by ahigh reactivity for aryl and conju-
gated aldehydes with both (E)-7 and (2)-7. The reactivity
difference was confirmed by a competition experiment. A
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1:1 mixture of benzal dehyde and cyclohexanecarboxal de-
hyde gave rise to a 1.0/1.1/1.2 mixture of adducts 5b, 5d,
and 9d after exposure to the supported crotyltin reagent 6
to InBr; and subsequent treatment with NaOM e thus con-
firming the enhanced reactivity of benzaldehyde vs. cy-
clohexanecarboxal dehyde.

We considered the possibility of a chelated cyclic transi-
tion state C for additionsinvolving the presumed (2)-7 in-
dium reagent (Figure 2). However, this possibility was
discounted as the expected product would contain a (2)
double bond and the diol products were exclusively (E).
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Figure 2 Hypothetical chelation transition state for addition of
(2)-7 to adehydes.

The foregoing analysis (Fig. 1) assumes that a mixture of
(E)-7 and (2)-7 are formed in the transmetal ation reaction.
Asthisreaction is conducted in the presence of aldehyde,
we also assume that these intermediates are formed under
kinetic control. To further probe this assumption we con-
ducted experiments in which the resin-bound stannane 6
and InBr; were premixed at —78 °C and alowed to reach
room temperature before addition of the aldehyde at
—78 °C. It was expected that this protocol would alow the
alylicindium intermediates (E)-7 and (2)-7 to equilibrate
before reacting with the aldehyde. When the adducts of
these reactions were cleaved from the resin with NaOMe
they were found to be the lactols 13 rather than the previ-
ously obtained 1,2-diols. To simplify the analysis, these
adducts were converted to thelactones 14 and 15 (Scheme
5).2* Obviously, equilibration of (E)-7 and (2)-7 givesrise
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Scheme 5

tothe a-oxygenated indium species 11 which produces
adduct 12 and thence the lactols after cleavage. Such
adducts are not observed in reactions involving the
OMOM analogs of stannane 2 and InBr;.2 Presumable
chelation between the ester carbonyl and the InBr,
moiety, asin 11, favors this regioisomer.

The diastereoselectivity of these additions was high with
the exception of 12d and 12f, the adducts of heptanal and
dodecanal. The mgjor products of the four-step sequence
were the trans lactones 14 (Table 2). Unlike the previous
additions (Table 1) high anti:syn ratios were observed
both with aromatic aldehydes and cyclohexanecarboxal-
dehyde. The trend is suggestive of a transition state in
which steric factors play a major role (Figure 3). The rel-
atively larger size of aryl and cyclohexyl R groups would
favor D relativeto E.

Table2 Synthesisof Lactones 14a-f and 15a-f

entry RCHO Yield [%]® 14:15
al? PhCHO 75 88:12
b’ p-CICH,CHO 60 89:11
¢ p-NO,CcH,CHO 65 88:12
a7 n-C¢Hy;CHO 40 53:47
e? c-C¢H;,CHO 60 100:0
2 n-CyH,;;CHO 50 62:38

(a) Theyields are reported for the four-step process (from 1)
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Figure3 Possible transition states for addition of a-acyl alylic in-
dium reagents

These studies confirm the feasibility of employing solid
phase synthesis with resin-bound oxygenated allylic indi-
um reagents to produce either 1,2-diols or y-lactols
through a change in reaction protocol. These adducts can
be produced in satisfactory yields and, in some cases,
with excellent diastereoselectivity. The products are
formed free of contamination by tin and other by-
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products. Clearly, it should be possible to improve the
yields and reaction stoichiometry through the use of alter-
native spacer groups and resins. We hope to clarify these
issues in future studies.
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