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Solid Phase Organometallic Synthesis.
Bis(di- n-butylchlorotin)tetracarbonylosmium

Sir:

Herein we describe the solid phase synthesis and subse-
quent isolation of the title compound, 1, from di-n-butyltin
dichloride and dihydridotetracarbonylosmium with diethyl-
amine as the coupling agent (see Scheme I). Polymer at-
tachment circumvented formation of bis(u-dibutyltin-tetra-
carbonylosmium), the cyclic product from the known reac-
tion of these components in solution.!

Since Merrifield’s discovery of the solid phase method for
peptide synthesis,? several useful applications have been
found for polymer-bound reagents® and catalysts. Repeti-
tive, sequential-type syntheses using insoluble polymer sup-
ports have been described for peptides,? oligonucleotides,’
and oligosaccharides.b

Multiple step syntheses with unprotected multifunctional
reactants are much less common.?® Polymer “immobilized”
ester enolates have been monoacylated’ and several reac-
tions of terephthalaldehyde have been described®® including
its stepwise conversion to 4,4’-stilbenedicarbaldehyde.8® For
these applications, relatively low levels of substitution limit-
ed reaction of one polymer-bound moiety with another.”8
In contrast, apparent chelate properties of phosphine-sub-
stituted copolymers have been attributed to polymer chain
mobility.® While present information is inadequate to rec-
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Scheme I
- -BulLi
.—.—— Q HgO,COF, “» .—.—— Q HgCl —>
2 3
I|3u
(n-Bu),SnCl,
® Q L 2, SnCl
4 Bu
5
Bu H
H,0s(CO), | _l (n-Bu),SnCl,
5 Et,NH ® . Sln Os(CO Et,NH
Bu
6
Bu (CO), Bu Bu (CO), Bu
I R R A
Sln—Os—SnCl — ClSln—Os—SlnCl
Bu Bu Bu Bu
7 1

oncile these seemingly contradictory observations, it is clear
that intrapolymer reactions pose a significant threat to the
success of any solid phase synthesis scheme that utilizes un-
protected, multifunctional components.

The choice of a macroreticular styrene-20% divinylben-
zene copolymer for this work was based upon observations
by Grubbs and coworkers!® that the higher degree of cross-
linking in this porous polymer permits much less internal
mobility than in the 2% cross-linked gels commonly used for
peptide synthesis!! and catalyst support.® Other important
considerations were the requirements that the distance be-
tween substituents on the resin must be chosen to minimize
intrapolymer reactions and the pores must be large enough
to permit growth and removal of the product molecules.'2
The phenyl-tin bond served as the cleavable connecting
link. To ensure its exclusive formation, aromatic mercura-
tion!? was selected for the initial functionalization.!4 Unpo-
lymerized vinyl groups on the polymer were deactivated
toward mercuration'® by treatment with n-butyllithium
(TMEDA complex)!7 followed by methanolysis. The dried
resin was stirred in a dilute solution of Hg(O>CCF;),!% at
0° for 18 hr and the resino-phenylmercuric trifluoroace-
tate!® 2 was converted to the corresponding chloride 3 with
excess tetramethylammonium chloride in methanol. Micro-
scopic examination of a bisected bead from a portion of 3,
that had been reduced with lithium naphthalenide?! in THF
and quenched in methanol, revealed fairly even distribution
of elemental mercury.?*

Treatment of 32 under argon with 0.75 M n-BulLi in tol-
uene (1.5 mequiv/g) for | hr followed by exhaustive wash-
ing with toluene and ether gave resino-phenyllithium, 4.
This was quenched with excess (n-Bu)>SnCl; (2.0 mmol/g)
in ether.?® The first metal-to-metal bond was formed when
5 (8.0 g having 0.022 mequiv of Cl/g) was stirred with a so-
lution of H,Os(CO)4 (0.65 mmol) and diethylamine (1 ml)
in 1:1.5 THF-CH,Cl; for 2.5 hr under argon. The infrared
spectrum of the washed and dried resin 6 (1% in KBr)?7 ex-
hibited vco at 2113 m, 2048 m, and 2026 vs cm~!, similar
to the spectrum of cis-PhiSnOs(CO)4H;! a weak absorp-
tion at 1937 em™! is tentatively assigned to »(Os-H).
Treatment of 6 with (#-Bu),SnCl; (3.28 mmol) in CH,Cl;
(10 ml) containing EtoNH (1 ml) as above gave the resino-
trimetalide 778 with an infrared spectrum (vco 2048 vw and
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2013 s cm™!) characteristic of trans-bis(organotin)tetra-
carbonylosmium compounds. 293

Cleavage of most of the trimetalide was accomplished
with anhydrous HCI in CH,Cl, (~15°, 30 min). The in-
frared spectrum of a hexane solution of the pale yellow resi-
due, after removal of the solvent and excess HCI under vac-
uum, was essentially identical with that of 1 and indicated a
yield of 35%.3! Removal of the solvent and volatile by-prod-
ucts under vacuum at 40° and recrystallization from meth-
anol gave pure 1 (18 mg, 17%) identified by infrared spec-
troscopy, melting point, and undepressed mixture melting
point with an authentic sample.!

In a similar fashion, the coupling scheme was carried two
steps beyond 7 to synthesize the analogous pentametalide.
The residue from HCI cleavage contained two major high
molecular weight components by GPC analysis.®? The
smaller of these was collected and identified as 1 by reten-
tion volume and ir spectrum. The larger (also collected)
gave a mass spectrum with the highest observable multiplet
peak centered at m/e 1316 + 2 which probably arises from
loss of a butyl group from the molecular ion of [ClSn-
BusOs(CO)4)2SnBu».3? Further characterization of this
component is in progress. The presence of 1 in this mixture
suggests that some of the resino-trimetalides may be dou-
bly attached and/or physically inaccessible. The sharp drop
in the level of substitution from 5 to 7 favors the latter. Ex-
periments in progress are designed to eliminate both poten-
tial problems and to extend the method to other multifunc-
tional organometallics.
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Methylcopper Induced Coupling of
Dialkenylchloroboranes. A New Procedure for the
Stereoselective Synthesis of (E,E}1,3-Dienes

Sir:
Dialkenylchloroboranes (1), readily available through
the reaction of acetylenes with chloroborane-ethyl ether-

ate,! react rapidly at 0° with 3 molar equiv of methylcopper
to produce (E,F)-1,3-dienes (2) in excellent yields (eq 1).

R /R’
RC=C(CR' —— /C=C§\ —_—
BHC >BC] 3CHCu
1
R\C=C/R H
H/ \C—C/ (0]
R’/ \R
2

The stereochemical purity of the product is >99%. The pre-
sent reaction, therefore, provides a facile and stereoselective
transformation of acetylenes into the corresponding (E,E)-
1,3-dienes and can even be extended to the accommodation
of a functional group.

A number of metal salts react with organoboranes,” and
such transmetalation reactions appear to hold promise for a
noncarbanionic route to organo transition metallics.* Dur-
ing these investigations, we have discovered that methylcop-
per is a highly efficient coupling agent for dialkenylchloro-
boranes. The results are summarized in Table L.

To achieve the nearly quantitative conversion of borane
into diene it was essential to utilize 3 molar equivalents of
CH3Cu as shown in Table II. Further increase of CH;Cu
did not exercise a significant influence on the yield. The
reaction was quite rapid at 0°; the addition of the borane to
CH;Cu in ether caused an instantaneous change of color
from yellow to black. The GLPC analysis after 5 min re-
vealed formation of the diene in 70% yield. In contrast to al-
kenylboranes, trialkylboranes and dialkylchloroboranes
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