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Summary. The reactions of bicyclic and cage boron containing ate complexes
with AcCl have been studied, the key stage of which involves
j&-bridqehead hydride abstraction. The ate complexes of 7-substi-
tuted 3—methy1—3-borabicyclo[3.3.1]non—6-ene were converted to the
corresponding 5-methylene-3-alkylcyclohex-2(3)-en-l-ylmethyl (dial-
kyl)boranes 14 and 15. A synthetic application of the reaction is
illustrated by conversion of compounds 14 and 15 to 3,5-dimethy-
lene-1-R-cyclohexenes 16, particularly to 3,5-dimethylene-l-isopro-
penylcyclohexene (16c), The ji—hydride transfer in ate complexes of
2-alkyl-l-boraadamantane and of 4-alkyl-3-borahomoadamantane occurs
regioselectively, at the unsubstituted bridgehead, to give, res-
pectively, 2—alky1—7—methylene—J-borabicyclo[3.3.1]nonanes and
8—methy1ene-3—-borabicyclo[4.3.1]decanes.

Boron chemistry has enriched organic synthesis with a series of new, high-
ly effective methods 1-6
gents for the reduction of functional groups and multiple bonds 1’6. Most or-

. Boron compounds have found wide application as rea-

ganic chemists associate the reductive effect of boron derivatives with hydri-~
des only, including boranes, their complexes (with ethers, amines, sulfides),
and hydroborates, [RaBH]N.

It i8 less known that triorganoboranes and tetraorganoborates can, in some
cases, be used as hydride sources. Here the hydride is "generated" at the ex-
pense of a heterolytic rupture of o(-C-H and f}-C-H bonds. Such reactions are
already used in synthetic practice not only for the reduction of functional
groups but also for the preparation of certain types of organic compounds.

As far back as the 1950's, Wittig 7 compared electronic effects in alkyl
borates with those in onium salts and predicted hydride mobility for o(- and

fr-hydrogen in ate complexes (la,b).

+
5
j

(*)

This paper is dedicated to the memory of our teacher Professor
B.M.Mikhailov (1906-1984).
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Reactions proceeding with hydride abstraction from the ol-carbon atom in
ate complexes were first performed by Jiger and Hesse 8, who obtained toluene

(84%) and 4-octene (51.3%) by heating lithium tétrabutylborate with benzyl
chloride:

° n-Bu n-Bu
., PRCH,CL,120
n—Bu4BL1 —_— n—Buze':-- H-Pr ————————— n-Bu,B-CH-Pr (1)
2
_Licl N+ _-PhMe (84x)
H¥ cH_Ph 4

2
PrCH=CHPr (51%)

The principal step of this process consists of the transfer of H from
ol-C-H to the electrophile with simultaneous migration of a butyl group from
the negatively charged boron to the neighbouring electron-deficient o{-carbon
to form a new C-C bond.

Tetraorganoborates with secondary alkyl groups split off &-hydride under
milder conditions and can be used for the reduction of various functional
groups. Thus, 9-alkyl-BBN ate complexes reduce active halides, oxiranes, and
carbonyl compounds.g’10 In these reactions, the 9-borabicyclo P.3.1]nonane
system rearranges to a bicyclo[3.3.0]octane.

The o{-hydride transfer reaction has been used to prepare noradamantane
compounds from 2-boraadamantane 11:

2

- e
it AcCl [0]
—

e (2)

2

In contrast, the l-boraadamantane borates react with electrophiles in a
fundamentally different way. For example, Mikhailov and co-workers 12 prepared
7-methylene-3—borabicyclo[3.3.1]nonane (5) by treating compound 3 with AcCl
in 75% yield:

*: T: Mo
Bo_ Lit E*1- <
B 3 + ————
!i I i pix | Mg B (3)
3 4 5

Here the electrophile removes H  from the ﬁ-bridgehead carbon atom.
The anti-disposition of leaving groups (hydride and boryl fragments) in the
hypothetical transition state 4 explains the unusual ease of effecting this
specific elimination reaction (3 hours at 0-20°C). A similar reaction of ate
complex 6, obtained from 5., with AcCl resulted in the boron dimethylene deri-

vative 7 13'1‘:
MeLi - Me AcCl,0°C ArCHO,140°C
5 — , —_— (4)
nt Blle,,
s z 8

Heating compound 7 with veratraldehyde produces 1,3,5-trimethylenecyclo-

hexane (8) 13.14
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The conversion of 7 to 8 also occurs via fy-hydride abstraction (reductive
effect of trialkylboranea). This reaction has previously been used for the
preparation of pure olefins 1? counter-thermodynamic isomerisation of methyl-

16,17

cyclenes, to methylenecyclanes, and also for the reduction of carbonyl

compounds to the corresponding alcohols,ls'”-z1 including chiral carbi-

22-24 15,17,19,24

nols . It is quite reasonable to suggest that, unlike reac-

tion (3), organoboranes react with aromatic aldehydes via a cyclic six-member
transition state 3.

R
ArCH "/\c/ R
7 (*I /B-OCHzAr + R,/C-CH2 (5)

)\ leo

2 >B-0H + ArCH,0H

e

In this paper we report an application of these two reactions of j}—hyd—
ride transfer to the synthesis of a series of new mono- and dimethylene cyclo-
hexane derivatives starting with 3—borabicyclo[3.3.l]non—6—ene compounds and
2-substituted l-boraadamantanes.

The 3—borabicyclo[3.3.l]non—6—ene derivatives 10 used in this work were
obtained from triallylborane and appropriate acetylenes (the allylboron-ace-

tylene condensation) 5’25’26.

R
@ eor ot
——— ——p — —
“\0 m Yoo o ®
~/

RC=CH
10a-e
a, R= H
b, R= Me Me
_c_, R= CH2= -
d. R= CH,=CH-

O

Complexes of 2-susbstituted l-boraadamantanes with tetrahydrofuran lla,b,c
were synthesized in 60-90X yield from 7-vinyl- (10d), 7-isopropenyl- (10c) and
7—cyclohexeny1-3—methoxy—3—borabicyclo[3.3.1]non—6—ene (l0e) in two stages:

(1) catalytic monohydrogenation. (2) hydroboration with H_B.THF followed by

3
heating for 2 hours at 60°¢:

THP
Mo {
-0 1M1 HZ' Pt, hexane R
R (n
2) n3n.mr, THP, 20°C
10c.d 3) 60°C, 2 h (62-83%) lla, R= H
b, R= Me
" iy
M1 Hz, Pt, hexane
- (8)

2) HyB.THP, THP, 20°C
3) 60°C, 2 h, (90%)

3
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Treatment of borate l3a prepared from butyllithium and 3-methyl-3-borabi-
cyclo[3.3.1]non-6-ene (12a) with AcCl leads to a mixture of two isomeric
organoboron dienes l4a and 15a in 68x yield 26‘. Subsequent heating of the mix-
ture with veratraldehyde (120-150°¢c) gave 3,5-dimethylenecyclohexene (l6a)
in 64x yield with the oveftall yield of triene 16a from bicycle 12a equal to
43x.

In a similar manner, 3,5-dimethylene-l-methylcyclohexene (16b) was syn-
thesized in an overall yield of 23x from 3,7-d1methy1—3—borab1cyclo[3.3.1]—
non-6-ene (12b). Borate 13b reacts with AcCl to afford a mixture of dienes
14b and 15b in a ratio of ~1l:1. Hence it follows that there is no decisive
difference in the ease of hydride abstraction from the 1 and 5 positions,
although one of them is of allylic character.

1) Buli,-78°C R
2) AcCl, 0°C
l6a, R= H
3 )JAXGEO, 120-160°C b, R= Me

l2a. R

b, R

H
Me

Buli ArCHO 43-64% 9)

D) SR
,
-
o

AcCl
+ - +
Li

/ \ Bu 3"Bu

Bu Me Mo
l3a, R= H 14a 15a
b, R= Me
Combination of the three consecutive reactions 26b summarized in Scheme 9

has been used to prepare l-isopropenyl-3,5-dimethylenecyclohexene (l6c), an
interesting tetraene hydrocarbon containing a system of both conjugated and
isolated double bonds:

i w He ArcCHO
2) AcCl
E ? léc
Ms Mo B
10¢c 12c -
15¢

Starting 7-1sopropeny1—3-methy1—3—borab1cyclo[3.3.l]non-6—ene (12¢c) was
synthesized by treating 3—methoxy—7-1sopropenyl—3-borabicyclo[3.3.1]non-6-
ene 26 with methylmagnesium iodide.

Polyene compounds l6a,b,c can be used for the synthesis of various organic
substances and also for elucidating the mechanism of many types of addition
reactions. It is noteworthy that di- and trimethylenecyclohexanes have so far
been difficult to obtain. For instance, compound 8 was obtained by a cataly-
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tic oligomerisation of allene in 8% yield,along with its 1,2, 4-isomer, tetra-
mers and other compounds 27’28.

We further attempted to apply the fy-hydride transfer reactions to the
preparation of trienic compounds of the type 17 and 18 using l-boraadamantane

derivatives with one or two substituents in the 2 position:

X T

lla,R=
l_:RM L= THF

So far, however, our efforts in this direction have been unsuccessful.
The action of methyllithium (from MeBr and Li in ether) on complexes of 2-me-
thyl- (1lla), 2,2-dimethyl- (1l1lb) and 2,2-pentamethylene-l-boraadamantane (llc)
with THF resulted in corresponding ate complexes 19. Thetr reactions with

acetyl chloride proved to proceed in an usual way with a high degree of regio-
selectivity and to lead, in all cases studied, only to bicyclic compounds with
an exo-methylene bond (20a.b,c) 28°, i.e. the hydride transfer involves only

the unsubstituted bridge of l-boraadamantane compounds.

)
B Ti NeL1 \ AcCl g

lla, R=H, R = Me 20a, R= H, R = Me
[} 1}
b, R= R'= Me b, R= R = Me
€, R4R = (CH,) €/ R+R = (CH,)) g

Thus, alkyl substituents in the ol-position with respect to boron in the
ate complexes have a deactivating effect on the abstraction of the bridgehead

f-hydride.

When reacted with MeLi (from MeBr and Li), bicyclic compounds 20a.,b,c
produce the corresponding ate complexes 2la,b,c, which is confirmed by 118 NMR
spectral data: 8(118)- 18.9 ppm for 2la and 18.6 ppm for 21b.Nevertheless,
the action of acetyl chloride on these compounds results not in the expected

ji—hydride abstraction but in the transfer of a Me group to AcCl (a Grignard
type reaction 28b) and formation of the starting bicycles.
U

' o MeLi
——— _/le (13)
{ ——en B\\
AcCl *l-
L
20a-c 2la-c
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This behaviour of borates 21 is difficult to understand. Formation of the
double bond from the C1—02 fragment can be impeded by purely steric factors,
i.e. due to the hampered approach of an AcCl molecule to the hydrogen atom
linked to ¢, of the bicyclic system (H—Cl). But what keeps ‘pmelimination in
the unsubstituted fragment C4—C5 from taking place?

Even more surprising is the fact that borates 21, synthesised using MeLi
prepared from MeI and Li, afford the desired compounds of the type 7 when

treated with AcCl. The compounds 7, however, isomerise during the reaction to
products with conjugated bonds (14d). The double bond shift from the exo-posi-
tion to the ring may be induced by traces of iodine evolved on workup of the
reaction mixture.

Ease of elimination in the bicyclic ate complexes 21 apparently depends
to a large extent on their conformations. Elimination readily occurs when
boron and fr-hydrogen atom are antidisposed and lie at an angle of 180° (22),
which exists in a chair-chair conformation. On the other hand, the reaction
should be prevented in the case of anti-clinal disposition of leaving groups,
when they lie at an angle of 120° in a chair-boat conformation (23).

R lea B Eé
R (14)
H
H
14a 22 23

ﬁZHydride transfer in the reaction of acetyl chloride with 3-borahomo-
adamantane ate complexes 25a,b also proceeds regioselectively, the reaction
products being the corresponding 8-methylene—3—borabicyclo[4.3.1]docanes (26).

% T‘ R ' /IO

- Li+
R MeLi R AcCl
> —_— (15)
24a, R= H, L= Me3N 25a, R= H 26a, R= H
b, R= Me, L= THF b, R= Me b, R= Me

In the case of ate complexes obtained from 26 and methyllithium (from
MeBr) , again fy-abstraction does not occur; when reacted with AcCl, they produce
starting bicycles 26.

It should be pointed out that ate complexes of 3—borab1cyclo[3.3.1]nona—
ne 13,14 and 3—borabicyclo[4.3.l]decane 29,wh1ch have 7-endo-substituents,
easily undergo the puhydride transfer reaction.

This work has therefore demonstrated that ﬁLhydride abstraction from ate

complexes of bicyclic and cage boron compounds may be used successfully for
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the synthesis of trienic and tetraenic derivatives of cyclohexene and subs-
tituted 7-mcthylene—3-borabicyclo[3.3.l]nonanea. In the course of the inves-
tigation, certain limitations to applicability of the reaction have been

revealed.

Experimental

All operations with organoboron compounds were carried out under dry argon.

lH NMR spectra were recorded on TESLA BS-497 (100 MHz) and BRUKER WM-250
instruments relative to TMS. 11B NMR spectra were obtained on a BRUKER
SXP/4-100 spectrometer relative to BF3-Et20. 13C NMR spectra were recorded on
a BRUKER WM-250 spectrometer (68.69 MHz for carbon). Assignment of spectral
lines was carried out using the off-resonance method and by comparison of
chemical shifts of a series of related compounds on the basis of available
data 12,14,29,30.

IR spectra were obtained on a UR-20 instrument from solutions in cc14.
Methyllithium was prepared from MeBr and lithium in ether or from Mel and
lithium in ether. The complex of 3-borahomoadamantane with Et3N was synthe-
i and 4,4-dimethyl-3-borahomoadamantane was prepared
as described previously 32.
3-Methyl-3-borabicyclo[3.3.1]non-6-ene (12a)
To a solution of MeMgl (from 6.5 g of magnesium and 15 ml of Mel in 100 ml
of ether) was added 28.7 g of 3—methoxy-3—borabicyclo[3.3.1]non-6—ene 33
during 2 hours. The mixture was boiled for 1 hour, the ether layer was then
separated and the residue extracted with hexane (4x50 ml). Distillation gave
19 g (74.2%) of 12a, b.p. 56-57°C/13 mm Hg, ni® 1.4885.
v or (cc1,, &, ppm) 0.65 (s, CH;), 1.2-1.26 (m, 10 H), 5.5 (m, CH=C).
IR: 1645, 3018, 3060 (C=CH) <:m'l (Found: C 80.65, H 11.35, B 7.73. Calcd. for
CgH g B: C 80.65, H 11.28, B 8.07x).
3,7—D1mathy1-3—borabiqxclo[3.3.1]non—6-ene (12b)
This was prepared in an analogous way from 31.3 g of 3-methoxy-7-methyl-
34xrab1cyclo[3.3.1]non-6-ene (10b) 33 and MeMgl (from 5 g of Mg and 13.5 ml
of MeI in 100 ml of ether) in 78.6 X yield (22.17 g), b.p. 49-50°c/6 mm Hg,

ngz 1.4819.

H NMR (CDC1,, §, ppm) 0.65 (s, 3 H, B-CH,), 1.57 (s, 3 H, CH,-C=C), 5.42

(m, 1 H, CH=C) (Found: C 80.65, H 11.72, B 7.42. Calcd. for CloHl7B: C 8l.12,
H 11.57, B 7.30%).

7—Iaopropeny1—3-methy1—3—borab1cyclo[3.3.1]non—6—ene (12¢)

The compound was obtained (17.4 g, 73%) analogously from 26 g of 3-metho-

sized by a known method

1

xy—7—1sopropenyl—3—borabicyclo[3.3.1]non—6—ene (10c) 26 and MeMgI (from

3.16 g of Mg and 8.2 ml of MeI), b.p. 59-60°C/1 mm Hg, n3® 1.5155.

14 nr (cnc13,8ﬂ ppm) 0.63 (s, 3 H, B-CH,), 1.85 (s, 3 H, CH;~C=C), 4.89 and
4.91 (s, 2 H, CH,=C), 5.89 (4, CH=C) (Found: C 82.83, H 11.19, B 5.99. Calcd.

for ClelgB: C 82.79, H 11.00, B 6.21x).

Complex of 2-methyl-l-boraadamantane with THF (1lla)

22.8 g of 3—mothoxy—7—v1ny1-3-borlbicyclo[3.3.1]non—6—ene (104) as
hydrogenated (1 atm H2, 0.2 g of Pt, 30 ml of hexane) with absorption of 2.9 1 of
hydrogen. Filtration and subsequent distillation gave 21 g (91%) of a fraction
with b.p. 61-62°¢/1 mm Hg, ngo 1.4861, which is a mixture of 3-methoxy-7-
ethylidene-3-bor¢bicyclo[3.3.1]nonane and 3-methoxy-7-ethyl-3-borabicyclo-
[3.3.1]non-6-ene 34 (wMR). (Found: c 73.93, B 10.75, B 5.96. Calcd. for
C11H1980: C 74.19, H 10.75, B 6.07%). 20.6 g of this fraction was dissolved in
40 ml of THF and 50 ml of 1M solution of H3B-THF was added (heat evolution

26
w.
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took place to 40°c) . after boiling for 2 hours the mixture was distilled to
afford 20.1 g (82.7%) of complex 1lla, b.p. 83-85°C/2 mm Hg, n2® 1.4996 (Found:
C 75.55, H 11.59, B 5.67. Calcd. for c14H2SB°= C 76.38, H 11.45, B 4.91%).
Complex of 2,2-dimethyl-l-boraadamantane with THF (1l1lb)

29.1 g of 3—methoxy-7—isopropeny1-3—borabicyclo[3.3.1]non-6—ene (10¢) 26
in 50 ml of hexane was hydrogenated over 0.5 g of Pt black at 1 atm Hz to take
up 3.4 1 of hydrogen. Distillation gave a fraction (26.3 g, 89.3%) with b.p.
65-66°C/2 mm Hg, ngz 1.4875, which is a mixture of 3-methoxy-7-isopropylidene-
3—borabicyclo[3.3.1]nonane and 3—methoxy-7-iaopropy1—3—borab1cyclo[3.3.1]non-

6-ene 3‘. To 12.74 g of the latter mixture was added 30 ml of a solution of
H3B-THF (1.4 M). Boiling the mixture during 2 hours and removal of volatiles
under reduced pressure (2 mm Hg) gave 10.15 g (61.8%) of complex 11lb, b.p.
62-63°C/2 mm Hg, n2? 1.5186 (Found: C 76.66, H 11.69, B 4.91. Calcd. for
C15H27BO: C 76.93, H 11.62, B 4.62%).

Complex of 2,2-pentamethylene-]l-boraadamantane with THF (llc)

3-Methoxy—7—(l—cyclohexenyl)—3—borabicyclo[3.3.l]non—6—ene (10e) 35 (40.6

g) was hydrogenated in 60 ml of hexane over 0.5 g of Pt black, 3.9 1 of hydro-
gen was abscrbed for 8 hours. The catalyst was filtered off, and distillation
produced a fraction with b.p. 98-99°C/2 mm Hg, n2? 1.5149 (35.6 g, 87x),which
is a mixture of 3—methoxy-7—cyclohexyl—3—borabicyclo[3.3.1]non—6—ene and
3—methoxy—7—cyclohexy11dene—3-borab1cyclo[3.3.1]nonane 34 (Found: C 77.14,

H 10.96, B 4.64. Calcd. for CISHZSBO: C 77.60, H 10.85, B 4.66%).

To a solution of the mixture (34.5 g) in 50 ml of THF was added at 20% 140 m1
of 1.4 M borane solution. After boiling for 2 hours and standing overnight,
the precipitate formed was crystallised from THF to yield 36.6 g (89.6%) of
¢omplex 1llc (decomposes above 80°C) (Found: C 78.36, H 11.37, B 3.96. Calcd.
for C18H3180: C 78.83, H 11.39, B 3.96x). Compounds lla,b,c are oxidised in
air.

(5-Methylene-3-methylcyclohex-2-en-l-ylmethyl)butyl (methyl)borane (15b) and

(5-methylene-3-methylcyclohex-3-en-l-ylmethyl)butyl (methyl)borane (14b)

A 250 ml three necked flask was charged with 20.9 g of 3,7-dimethyl-3-
borabicyclo[3.3.l]non—6—ene {12b) in 50 ml of ether and 65 ml of 2.25 N solu-
tion of BuLi in hexane. The mixture was stirred at 20°C for 1 hour. 11.5 ml of
AcCl was then added at 0°C from a syringe through rubber septum. After a white
precipitate had been formed the mixture was kept at 20°¢ during 1 hour and
the ether was removed in vacuo. The residue was washed with pentane (3x50 ml)

and the solvent was removed. Subsequent distillation gave 15.7 g (55%) of a
mixture of 14b and 15b (~1:1), b.p. 68-70°C/1 mm Hg, n§° 1.4789.

v mvr (cpcl,. 8, ppm) 0.78 (s, CH,-B), 1.76 (s) and 1.67(s) (CHy-C=C), 4.62,
4.67 and 4.69, 4.74 (2 H, CH2=C), 5.23 (CH=C), 5.93 (CH=C-C=C). IR: 889 (8),
1612, 1630 sh, 1643, 3030 sh, 3080 cm_1 (Found: C 81.99, H 12.21, B 5.09.
Calcd. for C14H258: C 82.36, H 12.34, B 5.30%).

Compounds l4a, 15a and l4c, 15c were obtained in a similar way from l2a
and l2c, respectively (see Table 1).
3,5-Dimethylene-1-methylcyclohexene (16b)

14.4 g of a mixture of 14b and 15b was heated with 14 g of veratraldehyde
in a vacuum distillator. The product (6 g) with b.p. 60-75°C/14 mm Hg was dis-
tilled off at a bath temperature of 120-150°c during 40 min. The product was
redistilled and chromatographed on 5102 with pentane as the eluent., whereupon
it was again distilled to yield 3.7 g (43%) of 16b, b.p. 67-67.5°C/31 mm Hg,
n2% 1.5129.
s mmr (coc1,. 8, ppm) 2.78, 2.98 (4 H, CH)), 4.7 (m) and 4.76 (m) (4 H,
CH,=C), 5.97 (1 H, CH=C). L3 »mr (cnc13,32, ppm) 23.1 (CH,). 39.0 and 39.5
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(C-4,6), 108.2 and lo8.4 (CH =C), 125.5 (C-2), 137.2 (C-1), 143.4 and 143.6
(C-3,5). 1IR: 890 (8 ). 1610 1653, 3019, 3080 cm"1 (Found: C 89.75, H 10.22.
Calcd. for CgH ,: C 89.93, H 10.07%). The compound has >97% purity (GLC).
Transfer of the exocyclic double bond to the ring does not take place under
the conditions of reaction or isolation.

3,5-Dimethylenecyclohexene (l6a)

This was obtained in an analogous way with a yield of 64X from l4a and
15a, b.p. 62-64°C/62 mm Hg, n3’ 1.5075 (1it.: b.p. 65.5°C/77 mm Hg, n2®
1.5130, ref. 36).
1y nvr (CHC1, .8, ppm) 2.88 and 3.09 (4 H, CH,), 4.79 (m, 4 H, CHy=C), 5.8
and 6.18 (d.m, 2 H, CHeCH, J= 9.5 Hz). 13 ns (cocly, &, ppm) 33.7 (c-6),
39.8 (C-4), 108.3 (CH =C), 110.5 (CH =C-C=C), 128.3 (C-1), 129.3 (C-2), 142.9
and 143.05 (c-3,5). IR 890 ( 8) 1600 1640, 1658, 3032, 3080 cm'1 (Found:

C 90.45, H 9.65., Calcd. for CgHygt © 90.50, H 9.50%).
1-Isopropenyl-3,5-dimethylenecyclohexene (16c)

The compound was synthesized from 12 g of l4c and 15c in 43x yield(3.25 q)
by a similar method, b.p. 77-78°C/7 mm Hg, n2® 1.5645.
la R (coc1,, &, ppm) 1.96 (s, 3 H, CHy), 3.04 (m, 4 H, CH), 4.81 (m), 4.9
and 4.93, 5. 02 and 5.12 (6 H, CH,=C). 13 o (coc1,, &, ppm) 20.5 (cH,),
34.5 (c-6), 39.5 (C-4), 108.7 (gH2=C), 112.05, 112.65 (CH,=C~C=C-C=CH, ).

126.3 (C-2), 142.6, 143.5, 143.6 (C-1,3,5) (Found: C 90.10 H 9.56. Calcd.
for C11H14. C 90.35, H 9.65X).
7-Methylene- 2,2-pentamethylene—3—methy1—3—borabicyclo[3.3.1]nonane (20c)

74 ml of 1.06 N solution of MeLi in ether was added dropwise at -70 «

-60°C to 21 g of complex llc in 100 ml of ether. The mixture was stirred for

15 min. at -78°C and for 15 min. at 20°c, whereupon 5.9 g of AcCl was added

from a syringe through rubber plug, and the mixture was stirred for 1 hour at
20°C. The ether was removed under reduced pressure, and the residue extracted
with hot pentane (3x40 ml). Removal of the solvent and distillation furnished
10.82 g (65%) of 20c with b.p. 108-110°C/2 mm Hg, n2® 1.5208.

1y nMr (cocl,, §, ppm) 0.63 (s. 3 H, CH,y-B), 4.59 and 4.71 (2 H, CH,=C).

IR: 895 ( §)> 1649, 3075 em! (Found: c 83. 38, H 11.61, B 4.71. calod. for
C15 258: C 83.34, H 11.66, B 5.00%x).

Using analogous methods, bicyclic compounds 20a and 20b were obtained
from tetrahydrofuran complexes lla and llb while 4.4-dimethyl-3-borahomoada-
mantane (24b) 32 ana trimethylamine complex of 3-borahomoadamantane {24a) 31
were converted to 8—methylene-3,4,4—tr1methy1—3—borabicyclo[4.3.1]decane (26b)
and 8-methylene-3—methyl-3—borabicyclo[4.3.1]decane (26a), respectively {(cor-
responding data are listed in Table 2).

Reaction of a mixture of exo- and endo-isomers (20a) with MeLi and AcCl

To 15.9 g of 20a in 70 ml of ether at -70°c was added 94 ml of 1.09 N
solution of MeLi. The mixture was stirred at -70°C for 10 min. and then allo-
wed to heat to r.t. 7.5 ml of AcCl was introduced from a syringe at 0°c while

the formation of a precipitate was observed. After stirring the mixture for

1 hour at 20°C, the ether was vacuum evaporated and the residue extracted with
hot pentane (3x50 ml). Removal of the solvent and distillation gave 1l1.45 g
(72%) of a substance with b.p. 66-70°C/7 mm Hg, n20 1.4875, which is, on the
basis of NMR data, a mixture of exo- and endo-isomers (20a) in a ratio of
~1:1. 13 Nk (5, ppm) 15.05 and 15.2 (cHy). ‘s MR (&, ppm) 0.85 and 0.99

(CH3).
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