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The addition of o-carboranyltributyltin 1 to aldehydes 2 is catalysed by [Pd2(dba)3]CHC13, (dba = dibenzylideneacetone) 
giving the corresponding adducts, 1 -( o-carborany1)-I -methanol derivatives 3, in good to high yields. 

The cross-coupling of organometallic reagents RM with 
organic halides and related electrophiles R'X, catalysed by 
palladium and nickel, provides a novel method for generating 
a C-C bond (R-R'). 1 Among various organometallic 
reagents, organotins (RSnL,,) are amongst the most useful in 
palladium catalysed coupling reactions. 1gJ? Palladium cataly- 
sed addition reactions of RSnL,, to a multiple bond (X=Y) are 
less common than coupling (substitution) reactions (Scheme 
l ) . l / i  I t  is known that X=Y may form part of e.g.  an allene, an 
alkyne. an isonitrile or  a 1,3-diene, and R may be hydrogen,' 
or a fragmcnt R'_?M in which M is another group 14 element,3 
or aluminum or  boron.3 

We wish to report that the addition of l-carboranyltributyl- 
tin 1 (R=C) to aldehydes 2 (X=Y; >C=O) is catalyzed by 
[ Pd2(dba)3].CHC13 (Scheme 2). The results are summarized in 
Table 1. The addition of 1 to benzaldehyde proceeded very 
smoothly even at room temp. in the presence of 
[ Pd2(dba)3]-CHC13-dppe catalyst (entry 1). The use of 
[ Pd(PPh3),] or [PdC12(PPh3)2] gave lower yields, and 
[ RhCl( PPh3)3] or [RhH(CO)(PPh3)3]4 afforded the adduct in 
only c'a. 10% yield. No addition took place with 
[NiBr2( PPh,),] as catalyst. Aliphatic aldehydes and cinnam- 
aldehydc also undergo the addition reaction in good to high 
yields (entries 2-1 1). Addition to 2-phenylpropanal produced 
a 3 : 1 diastereoisomeric mixture of the adducts (entry 7).5 

A mechanistic rationale which accounts for this un- 
precedcnted addition reaction is shown in Scheme 3. The 
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Table 1 Palladium catalysed addition of o-carboranyltributyltin 1 to 
aldehydcs 2 1  

Reaction Yield of 
Entry Aldehyde 2 conditions 3" (Yo ) 

1 
2 
3 
4 
5 
h 
7 
x 
9 

I0 
I I  

PhCHO 
p-BrC<,H4CHO 
/ I  - N 0 2  C,HJCH 0 
/>-McChHICHO 
P-MCOC~H~CHO 
PhCHZCH2CHO 
PhCHMeCHO 
Bu"CHO 
Pr'CHO 

f'hCH=CHCHO 
C,H 1 1 CHO 

Room temp. (1 d) 70 
Reflux (1  h) 98 
Reflux (2 h) =loo 
Rcflux (1 h) 85 
Reflux ( 3  h) 99 
Reflux (1 h) 97 

Reflux (1  h )  74 

Rcflux (4 h) 47(' 

Reflux (1 h) 63' 

50°C(12 h) 65 
Reflux (1 h) 96 

I' All reaction\ were carried out under Ar in THF; 1 (0.24 rnrnol), 2 
(0.19 mmol). [ Pd2(dba)3].CHC13 (0.04 mmol), dppe (0.08 mmol). 
h Isolatcd )icld using silica gel column chromatography. 1 The 
diastcrcoiwmer ratio was 3 : 1. (1 No 1.4-adduct was obtained. 

oxidative insertion of Pd" into the C-Sn bond of 1 would 
produce the palladium(I1) intermediate 46 and the addition of 
4 to aldehydes would afford 5 ,  which would give 6 and 
palladium(0) species via reductive elimination. Alternatively 
the interaction between 1 and aldehydes might produce a 
pentavalent tin intermediate, which upon oxidative insertion 
of PdO into the carbon-tin bond would give the palladium(I1) 
intermediate 7, which by migration of the carborane anion to 
the cationic centre may afford 6 and a palladium(0) species. 
However, the addition reaction of 1 to cyclopropyl aldehyde 
gave 8 in good yield without being accompanied by a ring 
opened product which thus precludes the latter mechanism. In 
order to obtain proof for the proposed mechanism, a 1 : 1 
mixture of 1 and [Pd2(dba)3].CHC13 in THF was kept at room 
temp. under Ar for 1 d,  and quenched by H 7 0 .  The carborane 
was obtained in essentially quantitative yield. Therefore, it is 
clcar that 4 is formed by the oxidative insertion of PdO into the 
C-Sn bond in the absence of aldehydes, 

Needless to say, palladium catalysed addition reaction 
between aldehydes and ordinary organotins, such as SnBu4, 
PhSnBu?, or  CH2=CHSnBu3, did not take place.? The 13C 
NMR chemical shifts of the cy and (3 carbon atoms of 1 in 
CDCI3 occur at 6 61.9 and 59.2, whereas that of the carborane 
was at b 54.6. The ll%n NMR chemical shifts of 1 , 9  and 10 in 
CDC13 were at 6 22.83, -33.9 and -35.1, respectively. 
Judging from the~l"%n chemical shift data, the tin atoms of 9 
and 10 are charged more negatively in comparison with the tin 
atom of 1.  No reaction took place between aldehydes and 9 in 
the presence of palladium catalysts and no oxidative insertion 
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Scheme 3 Palladium catalysed carboranylation of aldehydes 
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of PdO into the carbon-tin bond of 9 and 10 occurred. 
Accordingly, it seems that the presence of low negative charge 
on tin is esscntial for oxidative insertion. Interestingly, Stille 
coupling did not take place between organic halides and 1 (and 

Although further work is needed to clarify the mechanism 
of the above addition reaction, it is synthetically very useful$ 
for providing biologically active carborane derivatives which 
are important as 10B carriers for neutron capture therapy.7 
The reaction of 1 -carboranyltributyltin with azulene aldehyde, 
which is an anti-ulcer agent,8 in the presence of 
[Pd2(dba)3].CHC13 as catalyst at room temp. gave the desired 
carborane-azulene condensation product in good yield 
(Scheme 4), whereas the reaction of l-lithiocarborane with the 
same aldehyde afforded a complex mixture of products. We 
are now in a position to combine carboranes with tumour 
seeking substrates bearing an aldehyde group in the presence 
of palladium catalyst, without the requirement for carbanionic 
species.9 

9). 
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Footnotes 
These tin compounds undergo a facile transmctallation under the 

Stille coupling conditions. 
$ The reaction of 1 with p-nitrobenzaldehyde is representative. To a 
dry THF (2 ml) solution of 1 (100 mg. 0.24 mmol) and the aldehyde 
(28 mg, 0.19 mmol) were added [Pd2(dba)3]-CHC13 (42 mg, 0.04 
mmol) and 1.2-bis(diphenylphosphino) ethane (32 mg. 0.08 mmol) 
under Ar.  The mixture was refluxed for 1 hour and the progress of the 
reaction was monitored by TLC. The solvent was removed in vacuo, 
and the product was purified by silica gel column chromatography 
using hexane-ethyl acetate (4 : 1) as eluent. The adduct was obtained 
in ~ 1 0 0 %  yield (55 mg, 0.19 mmol). 1H NMR investigation of the 
crude product indicated formation of the Bu3Sn derivative of the 
adduct. Accordingly hydrolysis of the O-Sn bond took place during 
work-up. lo 
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