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Bioyolobutane is a high-strained oompound, its chemioal properties being 
like those of uneaturateU systems l-3) . The typioal reaction for this ooupouud 
ie an addition to the oentral bond, wherea little ie hnown about the reaotl- 
vity of the aide bonds ') . In thie paper we rich to report on our studiee of 
the reaotion of bicyclobutane with organoboranes uhioh seems to be one of few 
oases inoluding the side bonds reactions. 

We have studied the reaotion of bicyolobutene (I) with tri-n-propyl-(IIa), 
triallyl- (133) and tri(2-butegl)boraue 
nyl derivative8 of boron of iqpe III. 
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This reaction ie highly exothermic and ooours at -7O- +2@. The reaotion 
products, being unqymmtrioal boranea (1IIa-e). were not isolated, but their 
formation wae proved on the basis of PMR and IR epeotroaoopy data. For exam- 
ple, there were oharaoteristio bande of the ter&wl double bond CHG.&H- in 
the ID-speotruu of IIIa. 

Oxidation of products III dth H202 (OH-) led to allyloarbiuols of Iqpe 
IV and to aloohola Rem. In all oaws, the otidation produota oontsiated of 
ouly ITand RUR together with leas than one peroent of an iqmrity, probably 
R-CR241i2-CE!pc9,. Thue the reaction of bioyolobutme with orgauoborenes 
mema to be highly eelmotive. Oxidation of the produota of biayolobutamttri- 

l ) Aoademioian B.A.lCasansky died on the 5th 4rl1, 1973. 
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n-propylbomne reaction afforded u-pro an01 and I-hepten-4-01 in 79% yield, 

b.p. 52-52.5O/ll m, I$' 1.4334 (llt.4 t b.p. 66o/20 mm, 4' 1.4342). le 

Methanolysis of co-$,ouud IIIb gave propylene and dimethozyborane V in 
94.8% yield (with respect to I), b.p. 71-72.50/23 mm; PMR (CCl,,s , TMS): 
1.30 (m, 4 lines, CR-B, III), 2.08 (t, 5~7 Hz, CR2, WI), 3.48 (8, CH3-OB, 
6H), 4.64-5.10 and 5.39-6.12 (2 In, cH2&, 48, and c=cFI, 2.H). 

H,O,,OH- 
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Oxidation of V (H202, OH-) afforded 1,6-heptadien-+ol (IVb), b.p. 44-44.5o/9 
mm, Y$' 1.4512. Ry&ogenolysis of Nb (Pt) yielded 4-heptanol (VI), b,p. 
62.5-63'/15 mm, I$' I.4196 (lit.5), b.p. 63.8'/16 mm, e 1.4205). 

As has been previously 6) shown , the allylic rearrangement takes plaae 
in nearly all reaotions of ally1 tspe boraneo, the only ,zoePtion being the 
cleavage of oyclopropene single bond whioh oocurs without the rearrangement 7) , 
Since both alkylboranes and triallylborane reaot with I in a similar ray, we 
believed allylboranes to reaot with I without the rearrangement. In order to 
oheok this conception, the reaotion of I with triorotylborane (110) was per- 
formed. Oxidation of a crude reaction mixture afforded isomeric butenols and 
the mixture of cis- and tram-IVo, b,p, 59,6-60.5'/9 mm, I$' 1.4578, yield 
9Q%m IRr. 970, 1641, 1660, 1670, 1828, 3008, 3024, 3081 (C=C>, 3380 cm-'; PW 
(CC14, s, TMS): 1.62 ((X3, 3R), 3.30-3.60 (z, CR-O, IH), 5.27-5.55 (a, CH=CX, 
2R). For the mixture of IVo thus obtained, the ratio of oisttrans isomer, 
is equal to approximately I:$, i,e, the same as in starting triorotylborane 
Hence the reaotion of allylboraues 
with I ooours without the rearran- 
gement. 

It is known that butenyl derivati- 
ves of metals oan undergo the rearran- 
gements which inolude intermediate 

q :-se, 

. 

oyolopropyloarbinyl cor~pounds 9-W). 

So we believed the butezylboranes of 
ois-IV0 (3ug) tram-IV0 (7C%) 

type III having the boron atom attached to the seoondary oarbon atom to have 
to isomerize into boranes of tspe VII whioh inelude boron atom attaohed to 
the terminal carbon atom. The boranes VII are more thermodynamioelly stable. 
Really, as was shown In the case of reaction of I with triallylborane, the 
isomerization proceeds slowly at 20' and rapidly at heating, Thus oozpollld 
IIIb was oonverted into VIIb in approximately 75% yield when heated for 5h 
at 95'. The ratio IIIbrVIIb (75~25) appears to be equilibrium beoause It does 



lo. 1 569 

F E 

/ 

. 
IIIb 

R202 

2rn OR 

Ix, 75% Im 25% 

not change after heating the m for IOh at 95'. For watohing the oour- 
se of ieonerization, PNR-speotrosoopy was used. PMR-speotruu of IIIb inolu- 
dea three mzltiplotst 1.35-2.58 (R-CU,=C=C, R-CR(CR2-C=C)2), 4~50-5*05 
(al.@), and 5.306.27 (C&E). Aftor heating IIIb at 95" the doublet at 1.29 
ppn appeared in the spoofmu. Oxidatiou of the equilibrium mixture gaverise 
to the mixture of aloohols IVb and IX (1~4). These cerbiuols were separated 
by use of CIPC. Unsaturated alcohol IX had I$' 1.454C; PW (CC14,$, THS): 
1.83-2.55 (1, CR2-CR, 3R). 3.42 (d, 5~6 Es, a2-0, a), 3.98 (6, OH, IH). 
4.73-5.19 aud 5.33-6.10 (2 II, C+C, 48, and C=CR, 28). 

The reaotion of bioyolobutaue with organoboranea mey be thou&t to OOOUT 
along three pathuaysr 
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the first of these, Lob the additiou of organoboranoe to the oentral bond 
C,-C 

z 
, is probably uulikely sinoe the resulting o~olobutjlboranea (XI) arm 

rtab l nears up to 100' 12), aud oaunot gim III under the used ooaditions. 
In ouh opinion, the second rout0 io most likely. Iu this oam the reaotion 
oomrs with cleavage of the side bond C,-C2 in I, organoberon fzagmnt ad- 
d~toC2,andB-toC,. That leads to oyolopropylmethyl derivative8 of 
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boron (VIII) .The latter are unstable and met cearran&e rapidly to form the 
mixbure of butexlyl oowpounds III aud VII. A aiople oaloulation show6 that 
the euerw of breaking of C,,&21bond (aooordiq to the eeoond pathry, 
VIII 111) ieat least 2-3 koal/mole 1088 thau that of C,(lc3~bond (VIII-t 
VII). An attempt to deteot the intermediate oowpound VIII bF oarrylng out 
the reaotion dlreotly within a NW-apeotrometer tube resulted In failure: 
even at -60' the 0nQ reaotion produot waci oowpau8d III. Thue it ie not pee- 
eible to eliwluate the third pathway oowpletelF. Thie route involves elmul- 
taueous breaking of C,-C2 and C,-C3 bond8 of bioyolobutand and addition of 
both boron and all@ fragments to the M C, atom (X0). 

Although the data reported herein do not permit to elwldate a oorreot 
meohanlrpr of the naotion of bloFolobutaue with orgauoboranes, it ie pee- 
elble to olaim with oertaintF that the brealing of the biopolio water in- 
volves either the side bond oleavage only (sohem@ 2), or elmultaneous 
breaking of both the oentral and the side bonds (taohem 3). 

For all oompounde deeorlbed oorreot elemental analyses were obtained. 
IB and PMR epeotra of the- oompounde are in good agreement with their 
etruoturee. Moreover, the struoture of oarbinol IX was oonfirmed by means 
of double proton-proton re@onanoe. 
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