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Abstract -The synthesis and chemical properties of a series of novel unsatu-
rated diboranes 1-6 with both boron atoms in allylic positions are described.
Some new reactions of allylboranes, presented in the second section, proceed
either with rearrangement (2r+2n+20) or with retention of configuration of
the allylic fragment. Convenient methods for the preparation of allyl- and
diallyloxiranes, homoallylic alcohols and thiols, as well as an approach for
designing cyclic structures via allylboranes are suggested.

Allylboranes occupy an exceptional position among organoberon compounds. They
differ essentially in properties and reactivity from aliphatic, vinylic and
aromatic analogues due to their specific structure (3,y -double bond) and, as
a consequence,their ability to react with a (2n+2n+20)-type rearrangement [1-
41. Allylboranes readily add to compounds with multiple bonds (C=0, C=N, C=N,
C=C and C=C) [2,3], that is quite nontypical for other classes of organobora-
nes [1,2,41. Allylboration results in the creation of a new C-C bond, It pro-
ceeds chemo- and regioselectively and, with proper choice of reagents,
stereo- and enantioselectively.

Used in organic chemistry hitherto were mainly allylboranes with one boron
atom [2,3]1. In this paper, the synthesis and some chemistry of novel
3,r-unsaturated diboranes 1-6 with both boron atoms in allylic positions are
presented.
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In principle, this group involves also 3-

borolene 3a [5] and its derivatives 3b [B].
B-R (6]

I&’[)
il
o4
o

o )

361



362 YU. N. BUBNOV

Synthesis. Diboranes 1-6 were synthesised in a two-step sequence (bis- meta-
llation and transmetallation) from the corresponding olefins or dienes: iso-
butylene (3,71, trimethylethylene, 2-butene, 1,5-hexadiene I[81, 2,3-
dimethyl-1,3-butadiene [9] and methylenecyclopropane [8].The metallation was
performed by treatment of olefins and dienes with 2 equiv. of a 1:1 mixture
of BulLi and t-BuOK. The reaction mixture was then treated with 2 equiv. of
PrZBCl or EtaBCl to give a corresponding diboraness 1-6 isolated by vacuum

distillation.
1+2(Buli + t-BulK) BPr
X = X o
2.2 Pr2301 BPr2

3,50 %

Dimetallation of methylenecyclopropane was expected to afford 2,3- or 2,2-
diboron derivative 7 (M=BPr,}. However, a derivative of 1,3-butadiene § was
obtained instead, boron atoms occupying both vinyl and allylic positions. A
possible mechanism for its formation via a series of allylic rearrangements

is shown below: M

M BPr

1.2 (BulLi + t-Bulk) kn/ 2
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2.2 Pr2B01 :BPr2
I 6
= K (Li), -BR. (8]
PROPERTIES

Diboranes 1-6 are stable in nitrogen atmosphere; exposure to air results in
their oxidation and hydrolysis. Partial polymerisation occurs upon distilla-
tion of 5 and 6. In diboranes 1-5 permanent allylic rearrangement [2] takes
place. As judged from NMR data, the standard free activation energy for 1
is 13.4%0.1 kcal/mol.

Reactions with carbonyl compounds.
Diboranes 1-6 react with aldehydes and
ketones. at -70-2°C by addition to the

Fj R\\ﬁﬁh\pﬁ’3\~ carbonyl group, in all cases allylboration
\

81 o o proceeding with a rearrangement via a
/ six-membered transition state of the type 8a
8a 8b or 8b.

Synthesis of unsaturated diols. Allylboranes 1-6 were used as starting compo-
unds for the synthesis of diols 10-14 with cne or two double bonds [7- 91.
Diene condensation of 1,6-diols 11 with p-quinone gives carboéyclic deriva-
tives 12 [9]. Diborane 3 reacts with one molecule of a carbonyl compound to
give a 3-butenylboron derivative which does not add to C=0 group (cf. also
[B1). Rl R }

i ‘ 0 R" " H O OH™ i1 [l
Rm R/(’ BR2 -70-»20"C ﬁ“ R™ 2, > f?u "
5 BN N OH oH [3,7,8]
BR » BR2
R2 1,2 10

LR =H;2,R"'=Me; R'R"C0 = MeCHO, PhCHO, Me,CO,(CH,) CO (n=4-6).
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Synthesis of carbocycles. The bifunctional character of allylic diboranes
allows them to be used for the synthesis of c¢yclic and polycyclic systems.
Thus, reaction of 5 with 2,3-butanedione gives diboron compound 15, deborona-
tion of which (Hy0,, OH) affords diol 16.

BPr. O oBer, [o] OH
XBP:? * oj: ” — [10]
2 OBPr, OH

5
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Interaction of glyoxal (40% aqueous solution) with ester 17 (prepared in situ
from 5 and B(OMed 3, 20%, 10 days, 6(11B) 31.7 ppm) gives rise to ¢is-diol
18. Condensation of 18 with p-benzoquinone produces tricyclic compound 19,
which converts spontaneously into hydroquinone 20 when dissolved in Me,S0.
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Condensation of 1,2—cyclohexanedione with 17 in the presence of ProBOMe (see
above), followed by conventional oxidation at 20 - 50°C in methanol, results
in formation of air-stable boron-containing propellane 21, which could be de-
beronated only by boiling in HZOZ for 12 h.

[10]
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Novel synthetic applications of allylboranes. Apart from investigation of new
allylic diboranes 1-6, studies of f3,y-unsaturated monoboranes was continued.
Shown below are four new allylboronation reactions (with aldehydes, thioket.o-
nes, a-bromaldehydes and ethyl bromoacetate) and a reaction with [1.1.11-
propellane which proceeds with retention of configuration of the allylic
fragment (similarly to the reaction of allylboranes with bicycloll.1.0lbutane
[31). o
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