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Synthesis of B-Cyclopropyl- and 
B-CyclobutylbicycIo[3.3.1]nonane via Ring Closure 
of Boron Intermediates. 
A Convenient Entry into Cyclopropyl and Cyclobutyl 
Derivatives via Hydroboration 

Sir: 

We wish to report the first successful cyclization of an 
open-chain boron intermediate to produce a cyclo-
butylboron moiety. This makes possible a new entry 
into the cyclobutane system and makes readily available 
to that system the versatile synthetic possibilities offered 
by organoboranes.' 

The reaction involves the dihydroboration of the 
tosylate of 3-butyn-l-ol with 9-borabicyclo[3.3.1]no-
nane2 (9-BBN) (eq 1) followed by treatment with 
methyllithium (eq. 2). 

HC=CCH2CH2OTs - ^ ^ HCCH2CH2CH ,0Ts (D 

(2) 

It is now well established that the hydroboration of 
various allyl derivatives, followed by treatment with 
appropriate bases, provides a highly convenient entry 
into the corresponding cyclopropane derivatives (eq 
3).3-6 

V 
CH,=CHCH.,X ^ - CHXH2CH, ^ * 

X 

A ,3; 

However, all previous attempts to extend this synthe
sis to the next higher homolog have been unsuccessful.4'5 

9-BBN possesses major advantages for the cyclopro
pane synthesis.6 Moreover, B-alkyl-9-BBN derivatives 
possess major advantages for many of the new reactions 
involving organoboranes.1'7 Consequently, we under
took to explore the synthesis of B-cyclopropyl- and B-
cyclobutyl-9-BBN via cyclization reactions. 

The synthesis of diethylcyclopropylborane was 
achieved previouly by Binger and Koster via the 
dihydroboration of propargyl chloride with diethyl-
borane8 (eq 4). This same synthesis proceeded satis
factorily with 9-BBN. However, whereas Binger and 
Koster reported that no simple reaction products could 
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NaBR, 

[>-BEt2 (4) 

be realized in an attempted cyclization with aqueous 
sodium hydroxide, we realized a 70% yield of B-cyclo-
propyl-9-BBN in closure with this reagent (eq 5). 
Alternatively, methyllithium could be utilized (eq 5). 
The intermediate is readily oxidized to cyclopropanol 
with alkaline hydrogen peroxide. Consequently, this 
provides a convenient new route to cyclopropanol (eq 6). 

NaOH or MeLl 9-BB\r I 

HC=CCH2Br ^ HCCH2CH2Br 

G 
>-<D (5) 

O-B: 
NaOAc 

H A 
P > — O H + 1,5-cyclooctanediol 

(6) 

The usual reaction flask was charged with 200 mmol 
of 9-BBN in THF, and 100 mmol of propargyl bromide 
was added with cooling. The reaction mixture was 
allowed to stir for 3 hr at 25°. Then 125 mmol of 
sodium hydroxide was added as a 3 Af aqueous solution 
and the mixture was stirred for 2 hr. The aqueous 
phase was saturated with potassium carbonate and the 
THF layer removed and dried over anhydrous magne
sium sulfate. Distillation yielded 11.5 g (70% yield) 
of B-cyclopropyl-9-borabicyclo[3.3.1]nonane, bp 104° 
(14 mm). (All operations were carried out under 
nitrogen.) The pmr spectrum exhibited cyclopropyl 
protons: 1 H at 0.60 ppm and 4 H at 0.55 ppm. Oxi
dation of a sample yielded cyclopropanol, bp 100-103°, 
and cK-cyclooctane-l,5-diol, mp 72-73°. 

Synthesis of cyclopropanol, without isolation of the 
intermediate, is described in the following procedure. 
After treatment with aqueous sodium hydroxide to 
achieve the closure, as described above, the solution 
was cooled to 0° and 150 ml of 5 M aqueous sodium 
acetate was added, followed by the careful addition of 
60 ml of 30% hydrogen peroxide. After 1.5 hr, sodium 
chloride was added to separate the aqueous phase. 
The THF layer and extracts were dried over anhydrous 
magnesium sulfate and distilled through a spinning-
band column. There was obtained 3.8 g (65 % yield) of 
cyclopropanol, bp 100-103°, with the pmr spectrum 
exhibiting cyclopropyl protons: 1 H at 2.7 ppm and 4 
H at 0.55 ppm (multiplets). 

In the case of the cyclobutyl derivative, we decided to 
use the tosylate as possibly providing maximum driving 
force for ring closure. Treatment of the dihydrobor-
ated intermediate with aqueous sodium hydroxide 
failed to achieve closure.9 However, closure was 
successful with methyllithium. 

(9) Such dihydroborated intermediates undergo rapid hydrolysis: 
G. Zweifel and H. Arzoumanian, J. Am. Chem. Soc, 89, 291 (1967). 
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HCCH2CH2CH2 + MeLi =*=*• HC-CH2CH2CH2 + (, [ ,'BMe2Li 

B. OTs B. OTs 

0> (8) 

G G 
/ I 

<f>—B^T) HCCH2CH2CH2 

3-Butyn-l-ol was conver ted into the tosylate, « 2 0 D 
1.5335, in 8 0 % yield by the usual pyridine procedure . 
T h e tosylate , 100 mmol , was hydrobora ted in the usual 
manne r with 200 m m o l of 9-BBN a n d the solution was 
allowed to stir for 3 hr at 25° . Then 200 m m o l of 1.7 
M methyl l i thium in ethyl ether was added dropwise over 
30 min and the solution was allowed to stir for 6 hr. 
Water , 25 ml, was added, the solution was treated with 
potass ium carbona te , and the organic phase was sepa
ra ted, dried over magnes ium sulfate, and distilled. 
There was obtained 12.6 g (65 % yield) of B-cyclobutyl-9-
borabicyclo[3.3.1]nonane, b p 113° (10 mm) , and 10.2 g 
(60 % yield) of B-methyl-9-BBN, b p 57 ° (10 mm). (All 
operat ions were carried out under ni trogen.) Oxida
t ion of a sample of the B-cyclobutyl-9-BBN yielded 
c/s-cyclooctane-l ,5-diol, m p 72-73° , and cyclobutanol , 
bp 123-125°, n20D 1.4337, pmr spectrum identical with 
the published spectrum. 1 0 

F o r the synthesis of cyclobutanol , the oxidat ion of 
the intermediate was carried out in situ, wi thout isola
t ion, utilizing aqueous sodium hydroxide, 66 ml of 3 M, 
and 3 0 % hydrogen peroxide, 66 ml. Disti l lat ion 
yielded 4.7 g ( 6 5 % yield) of cyclobutanol , bp 120-123°, 
« 2 0 D 1.4305, pmr spect rum identical with tha t pub 
lished.10 

At the present t ime we are unable to account for the 
very great difference in the case of closure of the simple 
hydrobora t ion products of 3-butenyl chlor ide 4 and 
tosylate6 and the present d ihydrobora ted intermediate . 
Possibly, in the present case, the dissociation of the 
initial addition compound (eq 7) into the carbanion11 

(eq 8) is greatly stabilized by the possibility of resonance 
with the second 9-BBN moiety, so that the relatively 
unfavorable displacement involved in the formation of 
a four-membered ring can occur. 

This opens up the door to a major new route to sub
stituted cyclopropyl- and cyclobutylboron intermedi-

(10) M. C. Caserio, W. H. Graham, and I. D. Roberts, Tetrahedron, 
16, 171 (1960). 

(11) Compare G. Zweifel and H. Arzoumanian, Tetrahedron Letters, 
2535 (1966), and G. Cainelli, G. D. Bello, and G. Zubiani, ibid., 4315 
(1966). 
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ates and to the numerous derivatives into which such 
boron compounds can be converted. 
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The Heat of Formation of the Methoxy carbonyl Ion 

Sir: 

The stabilization energy of cations has been the 
subject of a number of previous investigations.1-4 

Of particular interest is the substituted methyl cation,4 

CH2X+, in which the substituents caused very large 
changes in the stabilization energy of the cation. These 
changes appear to be due to 7r-bond interactions be
tween the substituent and the vacant 2p orbital on the 
carbon bearing the formal charge.4 As might be 
expected, the stabilization energy (SE) for X = OCH3, 
relative to the CH3

+ ion as zero, is greater than the SE 
value for X = CH3 due to the formation of stable ionic 
structures such as CH3O+=CH2 . 

The stabilization energies of the substituted cations 
XCO+ appear to be markedly different from the methyl 
cations. Recent X-ray data and molecular orbital 
calculations on the acetyl ion5 indicate a shortened C-C 
bond and net positive charge on the carbonyl carbon. 
Thus both CH 3 C + =O and CH 3 C=O + are likely repre
sentations of the acetyl ion. If a similar net positive 
charge resides on the carbonyl carbon of the methoxy-
carbonyl ion then unshared pair donor substituents 
should cause a marked stabilization of the XCO+ ion. 
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