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AkMcG-Tbd iirst synthtsis of octavahe (h) is r&ported. The starling mattrial is homobcnzvakne (a to 
which monobromocarbcne is added. The ra&ing compound 3a takes up bromine across the central 
bicydo[ l.l.O]butane bond to form the tribromidc 7r which undcrgocs a cyclopropyl bromidMy1 bromide 
rearrangement on heating. From the product (Iti) HBr isdiminated to@ve a 1,3dibrom~dobutane with a 
1,3-butadiene bridge across its 2- and 4-position (lla). Finally, t-butylMhium remove the two Br atoms from 
llr and converts it into a 4 : 1 mixture cd la and cyclooctatetraent. ‘@is reaction sequence rcpmta the first 
application of protective group strategy in bicydo[l.l.O]butane chemistry. Octavalenc (la) is shown to 
rearrange to cyclooctatctraenc at 50”. Deuterium-labeled la ([l,&DJ la) is ud to prove that a [1,5-J- 
sigmatropic shift dw not occur in la Utilizing the above methodology6bromooctavalene (1 b) and 3-phcnyl- 
Sbromooctavakne (lc) are syntbeskd fkom the dibrom& adds& 3) and c of homom (5) and 
5_phcnylhomobcnzvalene(6), respectively. Surprisingly, lc was accompanied by a small quantity of fbromo- 
1-phenyloctavaknt(ld). Possibltmechanismsfor theadditionofbromineto thcbkydo[l.l.OJbutaneIystcm 
of compounds 3 and for the formation of the octavalcnes 1 are discwad In the * %-NMR spectra of 1 sad 11 
chemical shifts at unexpectedly high field arc observed for C-6 of the lJ-cydoheptadicne moietim. 

The unique propert& of the (CH), hydrocarbons” 
have attracted the attention of many organic chemists. 
As 8 member of this family octavalene (la) is of special 
interest, since a series of symmetry allowed [1,5J- 
sigmatropic shifts would make all the eight CFI units 
equivalent. lbvti Thus, la could be the bullvalene 
analogue of the (CH), series. 

&Ill \ la = 

Another important feature of la is revealed by the 
molecular model. The angle between the two 3- 
membered rings of bicyclo[l.l.OJbutane and that 
between one ring and the e&o-CH bond have been 
determined to bc 123” and 122”, respectively.3 As 
shown in the projections below, thest angles, as well as 
the bnd angles of 1,3-butadiene have to be widened, 
when these units are formally tied together to give la. 
The sum of the angles in the 7-membered ring in the 
projection of la amounts to 900“, whereas the relevant 
angles of the fragments only total 847”. Thus, the strain 
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energy of la should be larger than that expected based 
on those of bicyclo[ 1.1 .O] butane(67.0 kcal mol - I)’ and 
l&qcloheptadiene (6.6 kcal mol- ‘).* In addition, 
theoretical calculati~ns~ indicate, in agreement with 
experimental data,5c*6 that the central bond of the 
bicyclo[l.l.OJbuta.ne system is lengthened, and hence 
weakened if the flap angle increases. Furthermore, an 
electronic interaction between the K system and the 
strained 0 system should persist in la. An interaction of 
this type causes the high reactivity and unusual 
spectroscopic properties of bemalene.’ The combi- 
nation of steric and electronic effects leads one to 
anticipate that la should exhibit interesting behaviour. 

Previous attempts to synthesize 0cfavaJene 
Attracted by such proupects, several research groups 

have undertaken to synthb la, unfortunately 
without success. These are reviewed briefly here. When 
8,8dibromobicyclo[S.l.O]octa-2,Q-diene was treated 
with methyllithium the expected cyclopropylidene did 
not insert into the 6-syn C-H bond to give la but 
rearranged to a mixture of dihyd.ropentalenes.2b~a The 
tricarbonyliron complex of 8,8dibromo[S.l.OJoct.a- 
2,4diene could not be transformed into the 
tricarbonyliron complex of la2 In analogy to the 
preparation of benzvalene via cyclopentadienylcar- 
bene,’ the intramolecular [2+ 1 J- or [6+ l]cyclo- 
addition of cycloheptatrienylcarbcne to form la has 
been tried. However, the reactions of cycloheptatrienyl- 
diazomethane proceeding with loss of nitrogen 
furnished cyclooctatetraene, heptafdvene, and ben- 
zene.lO The d&o&tory opening of the cyclobutene 
portion in tetracyclo[4.2.0.01*4+03~s]oct-7-ene, a va- 
lence isomer of la, could not be achieved without 
rearrangement of the bicyclo[l.l.O]butane system.” 

A straightforward strategy to construct the carbon 
skeleton of 1s would be thermal ring enlargement of the 
dibromocarbene adduct 3b of homobenzvalene to give 



2. Model reaztions, where the same ring size is involved, Addition of bromt’ne across the central 

1, They contain the information nbows~ty to determine 
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Tabk l(a). ‘H-NMR parameters of t~%+~~.l.l.~~~]ccthne, bicyclo[4.1.1]oct-3, and bicydo[4.l.l]octa-2Jdiene 
derivatives in CD&. ClAnkal shifts (6 values) end multipliciticx 

collpd 1-H 2-H 3-H 4-H S-Hendo 5-H 
* 

6-H 7-H E-H 
- 

la . 
2P 

2ra 

24 

2: 

!Q 

!!? 

!!Sd 

!!a. 

q 3.20 ddd 1.62 

q 3.30 dd 2.24 

qd 3.37 dd 2.39 

dq 3.20 dddd 1.74 

au1 3.01 b 

ddt 3.44 tq 4.03 

dtd 3.48 br.d 4.80 

II 3.44e ddd 4.99 

n 3.44 . 5.80 

I& dddt 3.39 ddq 6.24 

&' br.t 3.91 - 

t 3.52 

t 4.86 

t 4.95 

ddq 5.84 

q 6.09 

t 6.46 

qd I:48 dt 2.19 ddd 2.50 

td 2.07 dt 2.17 ddd 2.50 

ddd 2.35 br.d 3.40 

dddd 1.52 

b 

da 5.57 dtt 2.65' dtt 2.38' 

ddt 6.19 dtd 2.61' dddd 2.33' 

ddd 6.58 q 4.03 

q 6.69 

ddd 6.29 

" 2.27 - 2.38 

. 2.17 - 2.37 

5-H: m 5.80 

ddq 5.75 

dd 6.29 

qd 2.70 5 5.45 t 5.34 

qd 2.69 s 5.32 t 5.32 

td 3.24 s 5.21 t 5.41 

q 2.71 tt 4.22 t 4.19 

l 2.w br.t 4.47 t 4.43 

dqt 3.11 br.s 4.43 br.t 5.25 

dqt 3.10 q 4.43 br.t 5.23 

l 3.44e q 4.53 td 5.19 

n 3.44 q 4.30 tq 5.33 

dddq 3.46 q 4.36 tq 5.32 

&AM 3.)( q 4.55 br.t 5.43 

4C6H5: 7.25 (I; E-H), 7.36 (m; m-H), 7.43 (m; o_H). pm 1.35 - 1.83. 'These assignments may be exchanged. *C6N5: 7.23 - 7.40 

(m). eln C606 two signals appeared: 2.79 (dtd; 1-H) Ad 2.88 (Pi 6-H). fOue to the systematic niw the phenyl group Is on 

C-2 in contrast to !s, wkre it is on C-5. C61$: 7.29 - 7.38 (ml. 

groups in 3c the attack at C-3 is &.5 i&w 
Fortunately, the reaction takea place in spiti of the 

generate the cyclobutyl radicals8and9from 3a-c and 

additional hindrance, but the yield of fc is co 
d, respective.ly. These intermediates may accept the 

‘derably 
diminished (36%) in comparison to that of 2 

second halogen atom in principle from both sides. In 8, 
.(ST&. 

Attack of the 6rst halogen atom as discussed sh6ud 
however, the e&o-bromine on the cyclopropane ring 
interfereqthus allowing only the formation of7a-cwith 

Table l(b). ‘H-NMR parameter3 of tricydo[4.l.l.~+ctane, bicydo[4.l.l]oct-3-ene, and biido[4.1.1]octa-2&dkne 
derivotiv& in CbCl,. Coupling constants (absolute values in Hz) 

c* Jl,2 '1.6 51.7 J1.8 '2.3 J2,4 J3,4 J4,5ee J4.5~ J5.5 J5e,6 J5~.6 J6,? J6,8 J?,0 

2g 

20 

2sb 

2ic 

2e 

ltie 

!?P9 

!8” 

!li’ 

!!!JJ 

i!Sk 

6.0 5.7 a 5.1 

5.6 5.6 a 5.6 

5.0 5.5 a 5.0 

4.8 

4.0 

4.0 

4.8 

5.9 

4.5 

4.0 

5.4 

4.0 4.5 1.0 7.8 

4.0 4.a 1.3 7.0 

5.2 5.0 1.1 7.0 

d 

9.4 

d 0.6 7.1 

5.4 0.6 7.0 

5.0 0.6 7.2 

8.1 

. 

3.0 

3.0 

4.0 

i 

9.0 8.1 

10.5 -* 

10.5 - 

9.9 3.0 

d 3.0 

2.0 12.3 

0.8 - 

0.6 - 

d d 

1.8 - 

; 

1.5 9.0 15.0 

1.8 9.5 15.3 

2.5 - - 

d d d 

d d d 

3.6f 4.Zf 19.7 

4.of 4.af 19.5 

3.0 - - 

Jo.5 = * 

11.7 

2.0 4.5 a 

1.8 4.0 a 

1.0 - a 

d d 5.9 

d d 4.5 

3.6f 4.2f 1.0 

4.0 4.0 1.0 

2.4 - 1.1 

'5.6 = * 
0.6 

9.0 0.6 

9.4 0.6 

5.1 a 

5.6 a 

5.0 a 

4.0 

5.4 

7.0 

7.0 

7.0 

7.1 

7.0 

7.2 

a 

a 

0.7 

0.7 

0.7 

0.6 

0.6 

0.6 

‘Not msolved. bJI 4 = 0.8 Hz. 'J2 7 l Jgclro 7 l 09.k. dmt detwimd. eJ 

'f 2.0. J4,6 = 1.4 Hr. these values mey be&wed. OJ 

1.3 = J2,5eIMo = J2.5ee = J3.5endo = J3,5exo = 

2 h = 2.0 or 1.4. J2,k+J=Gor 2.0 Hz. hJ2,5.1.g. J4,F 
'- 

1.4 Hz. iJ2,8 = J5,8 = 0.6 Hz. '+ 5 = J2 5 = J2 6 = J2 ,, = J4 6 - J5 8 = 0.6 Hz. , * I * . s , 3 = J3,5 = 1.5 HZ. 
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an exe-bromine at C-7. Since we could not obtain 
iodine adducts of 3a,b, it seems reasonable that in these 
cases the steric crowding becomes prohibitive even at 
the exe-face of C-7. With res+ to the cyclobutane 
ring of 8 the hydrogen atom at C-8 occupies a syn-axial 
position relative to an exe-approaching reagent and 
thus may place too high a barrier for iodine, but not for 
the smaller bromine. Because of the presence of a 
hydrogen atom at the e&-side (C-3) the cyclopropane 
ring in 9 demands less space. Therefore, the approach of 
bromine as well as iodine from the en&face of C-7, 
giving rise to 7d,e, is feasible. The exe side of C-7 cannot 
compete probably due to the steric hindrance of 8-H. 
The formation of 7d,e is in accord with the known 
stereochemical course of the iodination of tricyclo- 
[4.1.0.0’~‘]hcptanc”‘and a tricyclo[3.1.0.02*6]hexane 
derivative.” 

The butoahe - brk&ed tram - 43 - dibrom 
cycfobutanes lla-c. With 7a-e in hand the next 
step towards the octavalene skeleton was the 
cyclopropyl bromidc+allyl bromide rearrangement. 
This ring opening proceeds under mild conditions in 
the bicyclo[3.l.O]hexane series, and the mechanism has 
been investigated thoroughly.15”2* Drastically ele- 
vated temperatures are necessary to effect the ring 
enlargement in norcarane derivatives,‘2*24 to which 7 
belongs. Since the rate determining step generates a 
bromide ion and an ally1 cation, use of polar solvents is 
preferred. Accordingly, we observed the formation of 
1Oa-c from 7a-c at 100-l 10” in mixtures of acetonitrile 
and benzene, the latter being unavoidable for reasons of 
solubility. The isolated yields were 8281 and 31% for 
Hta-c, respectively. The tribromide 7a rearranged 
about ten times as fast as the tetrabromides 7h.c 

R’ R2 

t 

JL” H 

BH Br 
& Cd45 Br 

g 

DBU 

providing evidence for ally1 cation intermediates. 
Those formed from 7h,c are destabilized by the 
inductive effect of the additional bromine substituent, 
and therefore, should be generated more slowly than 
the intermediate derived from 7a. That an end& 
bromine at C-3 of 7 is mandatory for the ring 
enlargement follows from the behaviour of 76. It was 
shown to be stable up to 150” and decomposed to tar at 
170”. 

The structures ofcompounds 10 arc supported by the 

‘H-NMRspectra(Tables l(a)and(b)).Inparticular,the 
coupling constants between 5-H and the proton of 
the bromine-bearing allylic carbon (1.4-2.0 Hz) prove 
that these are homoallylic and not vi&ml. Conse- 
quently, the double bond must be located between C-3 
and C-4 and not between C-2 and C-3. As in 7, the 
exo,syn-orientation of the bromines at the cyclobutane 
moiety is indicated by the characteristic difference 
between the vicinal coupling interactions of 8-H (7.8 
Hz) and 7-H (cu 1 Hz). Decoupling experiments were 
used to determine the origin (l-, 6-,8-H) of the narrow 
splitting of the 7-H absorption. The spectra gave no 
information regarding the configuration of C-2. In the 
6,6dichlorobicyclo[3.l.O]hexane series it has been 
shown that the leaving chloride ion is recaptured by the 
ally1 cation on the same face of the ring, and that a slow 
interconversion of product stereoisomers may occur2x 
On the basis of these results kinetic as well as 
thermodynamic control strongly favour the cot@ur- 
ation given in formula 10 with the 2-Br on the less 
congested endo side. 

To complete the butadiene bridge across the frans- 
1,3dibromocyclobutane unit a 1,4-elimination of HBr 
from 10 was required. This was achieved by the 
treatment of 10 with the 1,8diaxabicyclo[5.4.O]undeo 
7-ene@BU)26 in benzene affording lla-c in 74,95 and 
65% yield, respectively. 

In the r3C-NMR spectra of 11 (Table 2) the big 
difference (15.1,17.5 ppm) between the chemical shifts 
of C-7 and C-8 is striking. The signals of these carbons 
were distinguished from the C-l, C-6 absorptions by 
means of the magnitude of the one-bond ‘V-H 
coupling constanta which zue larger for G7, C-8 (164- 
177Hx)thanforCl,C-6(151,153Hx)becauseofthe 
electronegative bromines. As revealed by a comparison 
with the chemical shi!?s of 7 and 10, one of the signals 
arising from C-7 and C-8 has moved upfield by 1318 
ppm as a consequence of the completion of the 
butadiene bridge, while the other absorption is changed 
only by a few ppm. Unusual highfield absorptions of 
this type seem to be characteristic of rigid 1,3- 
cycloheptadiene derivatives such as 11 and the cctaval- 
enes 1 (see below). 

The spacific assignment of the C-7, C-8 signals has 
been made tentatively on the basis of long-range CH 
coupling constants under the reasonable assumption 
that the interactions transmitted by three bonds are the 
largest ones. 271n thespectrumoflla,theabsorptionat 
6 26.78 shows a 13 Hx doublet, which establishes the 
assignment to C-8, since only 7-H qualifies as a 
coupling nucleus with its antiperiplanar arrangement 
relative to C-8. Based on the Karplus equation the 
coupling constant JC7+u should be smaller because of 
the synclinal relationship between these nuclei. In fact, 
the signal at 6 44.31 shows no splitting and 
consequently it is assigned to C-7. Using the rules 
governing long-range CH couplings2’ we have aho 

tried to distinguish between the two resonances of the 
olefinic carbons and to assign specifiatlly the signals of 
1 lb as given in Table 2. 

We note that we are not the first to synthesize the 
bicyclo[4.l.l]octa-2,4diene system via compounds of 
type 7. The 3-bromo-2,7,7-trimethyl derivative has 
been prepared by the reaction of dibromocarbene with 
a-pinene followed by thermolysis of the resulting 
adduct.2* Other approaches to this clam of compounds 
are also known2’ 
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Ta& 2. I%-NMR chemical shifts (S values), multipliciti~ and onabond 13C-H coupling 
constants (ii Hxlof trkydo[4.1.1.~*4]ocWe, bkyclo[4.l.l]oct-3-ene., and bicydo[4.l.l]ccta- 
26diensderivativesinCDCI,.Footnotestooouplingconstantsgivecouplingscausedby~ote 

protons 

CaIqd C-l c-2 c-3 C-4 c-5 C-6 c-7 C-8 

!! 40.63” 
d 157 

!! 48.31" 
d 

EC 4a.42a 
d 

!! 47.20 
d 153 

lpi 57.59 
d 152 

!pp 57.53" 
d 

19Ed 57.53" 
d 

!!n 52.59 
d 151 

!!k 52.76 
d 151g 

&" 57.32 
d 

22.97 
d 167 

34.96 
d 185 

36.81 38.17 
.d S 

36.80 37.70 
d S 

27.69 23.30 
d 170 d 195 

51.12 126.13 
d 164 d 156 

56.82a 121.56 
d S 

57.36" 122.91 
d S 

129.33 127.18 
d 165 d 1608 

130.01 
d170h 

120.69 
s' 

n n 

10.95 25.79 
d 169 t 133 

25.47 
d 

27.16 
t 

31.89 
d 

45.53 
d 

16.49 
d 170 

23.30 
t 130 

128.00 
d 160 

31.17 
t 128 

131.99 
d 

33.04 
t 

134.55 
d 

49.05 
d 

127.18 
d 160e 

129.33 
d 165 

132.67 
d 165' 

130.76k 
d 165 

120.87 
S 

n 

48.01a 
d 154 

47.09" 
d 

48.60a 
d 

43.58 
d 155 

49.85 
d 156 

49.41 
d 

55.57" 
d 

52.59 
d 151 

52.01 
d 153' 

52.92 
d 

52.11b 
d 168 

50.77b 
d 

52.90b 
d 

44.03a 
d 160 

45.05a 
d 169 

44.15b 
d 

45.50b 
d 

44.31 
d 177 

42.13 
d 176 

42.73 
d 

46.26b 
d 171 

44.54b 
d 

45.32b 
d 

41.74a 
d 160 

43.93a 
d 161 

43.14b 
d 

40.34b 
d 

26.78f 
d 164 

27.03 
d 166m 

27.63 
d 

a*b These assigments may be exchanged. 'C6H5: 126.88 (d; e-C,; 128.09 (d). 128.45 

(d)(g-, E-C); 141.48 (s; fpso-C). dC6H5: 127.24 (d; e-C); 128.34 (d). 129.24 (d) 

(0-B m-C); 138.72 (s; ipso-c). et. J1 = J5 I 11 HZ. fd. J7 = 13 Hz. gd. J6 = 6 HZ. 

ht, J4 = J8 = 5 Hz. 'Quintet, J1 = J2 = J4 = J5 = 9 Hz. jt, J2 = J6 = 8 Hz. kd. 

J8 = 5 HZ. It. J1 = J4 = 7 Hz. "d. J7 = 13 HZ. "Due to the systematic name the phenyl 

group of 115 Is on C-2 in contrast to !$c, where it is on C-5. C-2, C-3, C-5, C6H5: 

125.91 

141.67 

Reconstruction of the central bicyclo[ 1.1 .O]butane 

(d), 128.66 (d)(b, m-C); 128.48 (d), 129.58 (d), 129.70 (d)(C-3. C-5. E-C); 

(5). 143.30 (s)(C-2, Ipso-C). 

bond and some properties of the octmalenes la and b. 
1,3-Dihalocyclobutanes have been converted into 
bicyclo[ l.l.O]butanes by means of different re- 
8gent1~.“~‘* However, application of these methods to 
llb did not succeed. Lithium aluminium hydride17bd 
for example did not react with llb, whereas metallic 
.~odium~“‘*~* or Na-K alloy led to extensive 
decomposition. MeLi in ether or n-BuLi in hexane did 
not alkct Ilb, but byusingn-BuLi inether at -78”and 
then warming up to 0” we obtained a 45% yield of 4- 
bromooctavalene (lb). No isomers of lb were found. In 
contrast, treatment of 118 with n-BuLi under these 
conditions gave rise to a mixture (3 : 1) of unsubstituted 
octavalene (la) and cyclooctatetraene (COT). 
Compound llc behaved differently and afIorded a 5 : 1 
mixture of the two octavalene derivatives lc a@ d in 
42% yield Bromooctavalene lb was purified by 
distillation, whereas the puritkation, of la,c,d under a 
variety of different conditions failed. Attempted 
separation of la from COT by preparative VPC led to 
rearrangement to COT; lc,d decomposed when 

submitted to distillation or chromatography. It was not 
even possible to get rid of n-BuBr, the coproduct in the 
case of 1% because an &e&e distillation was not 
feasible with the small quantities available. However, 
utilization of t-BuLi instead of n-BuLi circumvented 
this problem. The coproduct t-BuBr either codistilled 
with ether used as solvent or it lost HBr under the 
influence of t-BuLi. Another advantage of this reagent 
was the more favourable ratio (4 : 1) of the mixture of la 
and COT and an improved yield of WA. 

In contrast to the parent hydrocarbon 4- 
bromooctavalene (lb) turned out to be sensitive to air. 
Probably a polymeric peroxide is formed by radical 
addition of oxygen. C!alculationss suggest that this 
could be due to the weakness of the central 
bicyclo[l.l.O]butane bond as a consequence of the 
large flap angle. 

Proof for the stnzhne of the octavalenes (1) was 
provided by the NMR data, which, are summarized in 
Tables 3 and 4. According to the Cz, symmetry of la its 
‘H- and i3C-NMR spectra consist offour signals each. 
In ClX& 1,8-H absorb as a triplet at b 1.27 showing 
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Table 4. 13CNMR dmkcal shifts (6 v&m), mukipli&ies, aad one-bond *‘C-H coupling 
mustants (in Hz) of octavalenes. Footnotes to coupling constants give couplings caused by 

remote protons 

cob@ C-l c-2 c-3 c-4 c-5 c-6 c-7 C-8 

!a.” -13.41 45.26 137.59 
d 155b 

124.46 
d 155C 

124.46 
d 207 4 147 d 155C 

137.59 
d 155b 

45.26 -13.41 
d 147 d 207 

!kd -11.72 
d 213' 

44.02 
d 153f 

138.45 
d 1599 

115.86 
sh 

129.251 137.87 44.22 
4 155 d 15lj 

-11.72 
d 163 d 213e 

!fdSk -10.39 
d 213' dg;"5;m 

149.79 126.74 
d 161" 

115.63 
so 

137.47 45.34 
s d 161p d 153q 

-10.39, 
d 213 

gd” 4.50 
ss 

55.00 
dl58' 

r r 122.17 
d 160t 

135.79 
d 1575 

44.83 
d 1555 d4i% 

“Solvent C606. bd, J5 = 9 Hz. 'dd. J6 = 12. J2 = 7 Hz. d501vent CDc13. e5ext., 

J2 = J3 = J6 = J7 = J8 = 4 Hz. fdq. J7 . 15. J, = J3 = J8 = 5 Hz. gd. J5 = 7 Hz. 

hQ"int., J2 = J3 = J5 = J6 = 10 Hz. 't, J3 = J7 = 8 Hr. 'tq, J2 = J5 = 12, J1 = 

J6 = J8 = 5 HZ. kCgli5: 126.23 (d. 158 HZ; t. Jp_ =J o, = 6 Hz; 0-C). 127.63 (d. 

161 HZ; t, Jo = J 
0 

, = 7 Hz; e-C), 128.32 (d. 159 Hz;d. J,, = 7 HZ; E-C), 143.16 

(s; qd. J, a-J,, . J4 = 6. J2 = 3 HZ; !pso-C). 'Q"lnt., 5; = J6 = J7 = J8 = 4 Hr. 

%dt, J7 : 14,-J4 = 10. J, . J 8 = 5 Hr. "dd, J6 = 9, J2 = 6 Hz. 'ddd. J7 = 12, 

J4 and J6 = 4 and 8 Hr. pd. J4 = 7 Hz. qdq, J2 = 14, J1 = J6 = J8 = 5 Hz. 'C6H5: 

126.10 (d, 158 Hz; t; je = Jg, = 6 HZ; 0-C). 128.39 (d. 159 Hz; d. J,, = 7 HZ; 

2-c). The signals of C-3, C-4, ipso-C, and e-C are elther iuperillposed by absorptlons 

of 1: or have not been found because of low Intensity. sAddltlonal spllttkg not 

detennlned. td, J7 = 7 Hr. 

system.Rather,aspecialhigh-fieldeffectofthcrigid 1,3- 
cycloheptadiene moiety 6x4 in the envelope 
conformation appears to be operative, as reported 
previously33 (see also the 13C-NMR spectra of 11). 

The evidena for the arrangement of the phenyl 
group and the bromine atom shown in the formula of ld 
isderivedfromthe W-NMRdatafor l-br~mo-~“and 
l-phenyltricyclo[4.1.0.02~7]heptane3~ with respect to 
the parent hydrocarbon.‘& Although there the 
substituents exert similar a effects (Br, 17.5 ppm; C6H,, 
17.0 ppm), their fl effects on the other carbon at the 
central bond (C-7) (Br, 8.1 ppm; C,H,, 15.9 ppm) and 
on the lateral bicyclo[l.l.O]butane carbons (Br, 7.3 
ppm ; C6Hs, 1.4 ppm) are very different. Provided that 
these substituent effects can be applied to octavalene 
(la), the compound formed along with lc should have 
structure ld and not its isomer with exchanged 
substituents. 

In the 13C-NMR spectra of la-d only a few signals 
can be assigned speciiically on the basis of chemical 
shifts and onebond coupling constants. For example, 
the distinc@on between the C-3 and C-4 resonant of 
la is uncertain Similarly, in the case of lb, the 
assignments ofC2 andC-7 as well as of C-3, C-5, and C- 
6 are not unambiguous. Again, as in the 
bicyclo[4.1.1]octa-2&diene series above, refemna is 
made to the diagnostic value of long-range CH 
coupling constants. ” Since the analysis has been 
carried out only on a first-order basis, misinterpra 

tations are possible. However, the data in Table 4 
present a self-consistent pattern. 

The mass spectrum of the mixture of la and COT 
resembles that of pure COT3s with the exception of two 
additional lines appearing at m/e 91 and 92 with an 
intensityof 15and 12%,rcqxctively,relativetothe base 
peak at m/e 104. This indicates clearly a different 
fragmentation mode of la as compared to COT in 
accordance with the structure of la, which suggests a 
rather easy extrusion of one CH group on electron 
impact to gtnerate the favourable tropylium ion. 

Unambiguous support for the structure of la was 
provided by reaction of la with 4-phenyMH-1,2,4- 
triazole-3,5dione furnishing the Diels-Alder adduct, 
which has been subjected to X-ray structure analysis. 
The results of which have already ken published.J2 

Questions regarding the uutomerization of octwdene 
(la) and the ftion of rearranged octavakne ld 
The possibility that la could undergo a degenerate 

rearrangement was certainly the strongest motivation 
for its synthtsis. However, the NMR spectra of la and 
its derivatives lbd do not indicate any dynamics, 
and a spectrum of la taken at 60” remained unchanged 
with respect to that recorded at 24O. The possibility of 
measuremkrlts at more elevated temperaturea is only 
verysmaksina 1awasfoundtorearrangetoCOTwith 
a half-life of about 5 h at 50“. 

In order to observe the anticipated automrrization, 



more facile. 

[1,2-D% ’ 

Tht2 above e~~~~t sanest t the sacks- 
ing formation of ld is not due to subsequent 
[1,5J-C migrations starting from the major isomer Ic. 
This is su~~~~ by the fact that the ratio lc : td 
re ed alit at 2W. If the Sr 1 

ynamic equilibrium, the 
interconversion of lc and d would haveto be fast at 20”. 
This would result in NMR coalescence phenomena 
which wtre not observed. C 

reaction pa~wa~ 
YG 
ratio 

Br 

Br H 
Bt 

H ---e 

lsy 1 

IsI ld 

R = CaHs & 

means of ~tc~~at~ produced from the stable 

undergo an intramolecular alkylatioa with inversion at 
the &ctrophilic cmtm. In contrast, lc would not be 

13 having the wrong aviation el~~o~~c 
centre. The simplest way from 13 to ldinvolvcs [1,5J-C 
migration of the lithisted carbon to produce: 14 
followed by nucleophili~ t with a 
~~~~yl the 
~~~~o~ n a 
~yst.ems,~~ it is conceivable that the [1,5j-sigmatropic 
shift in 13 occurs under mild conditions. The necessary 
aviation of the lithiarxed carbon in 14 would mr, 

~ver~~n~ a 
processes of 

are knownS8 

*/ 
If 
= 

H-C 
\ 
Li 

e fact that we observe a product ori 
from one out of the two possible sigmatropic shifts of 
13 could arise from the r&tive stability of 15 and 
16, wick we ~~~~d~ ei ates or as 
r~~a~ st~ct~~ ~nt~bu~~g to the transit~o~ 
states. Whereas in 15 the p enyl group should have 
hardly an effect on the energy of the pentidienyl radi- 
cal moiety, in 16 it should cause a subsoil sta- 

on: Thus, s~~tu~~ 16 would ~~~~~~ 
4 from 13, In add&n, the car- 

responding structures derived from tribromide lib 
would be less favoured than 16 explaining the failure 
to detect a ~~~~g~ br~rn~~~v~~~~ alon 
Ib. It should be noted that the i~~e~~~ of 
cals in [I ,5+C migrations is still a matter of debate. 37 

M.ps were ~t~~ on a R~ch~~i~a) apparatus by 
theKoBermethodaudareuncorrected.The *H=NMRspcctra 
were recorded on V&an EM 390 and Bruker WM400 
inst~ents; the 1 %-NMR spectra were rec~ti on Bruker 

were recorded using Beckman AocuLab 4 tid Rrkia-Eher 

Hamobenzvalene (5)*5 (5.00 g, 54.3 mmol), NaN[Si- 
(CH,),], (13.3 g, 72.6 mmol), and 30 ml of’ pcntanc were 
admixed under Nz. The slurry was stirred at O-5” whik 

with ice, the light brown soln was cautiously. hydrolyzed 
with iceGold water. Extractions of the mixture with ether 

1 dabs of the combined organic 1 

liquid residue gave HN[Si(CH&j7: at 60” ~a~)/~4 
Torr and 4.82 g (48%) of a yellowish liquid at 85-100” (bath)/ 
14 Torr, which has been characterized as a nearly pure 1: 1 
mixture of 3a,d R-ted d~~~ti~ af the sbcond fiztion 

I TOTE MS (70 cv) M/B 186,184 
r~.~e~~~~~~t ofthe 

absorgtions in tbc NMR spectra of the mixture was possible 
when iaomerically pztte 31 &came available from 7t (ae@ 
below). ‘H-NMR (CIXI,) 30: 6 0.89 (br. d&t, JE,, = 10.3, 
J bsro,~ = 8.7, J7.8 = 7.8~7-~ ~.~~~.d~J~~~ = 4.ZJ,,8 
= 6.9Hs1-HXI.4~[br.dt,JgA = 1oi.8,J2., = J3,s =2.4Hz,3- 



I-i), 1.44{m,6-H_& 1.79(br.ddd,J6,6i = 14.4,Js,- = 2.4Hz, 
6-H,), 1.90 (br. dt, J1,, = J&, - 3.0 Hz, &H), 2.27 (M wxt=, 
J1,$ a Js,- * 27Hz,~H),259(~~~~2H),3.16(db,%- 
H);3d: d l.O4(m, 7-m 1.32(ckldrl, Jt,? = 10.2, Ji,2 = 3.6, Ji,s 

(CDCl,)3a:G -0.65(d,#)5Hz,C3),8.78(d,#)9fiz,C-4r,7.74 
and 8,03(eachd, 170&C-f,c-7), lKZO(~ 125 Hz,C-6), 33.66 
(d,l8?~C-8)~3S.~~d35.?8(~~l~~C-~C-5);~~ 
63.35(d,UllZfi)~d4.49((/2(#~~~3,G4),15.70and17.X9 
(eaeh&, 162Hz, C-I, C-7), 16. 
Hz, C-S)* 36,62 (d, 156 Hz, C 
tignmcnt is ontbespEtraofthe 
and the 8,8dibromo derivative.39 (Found : C, 5249 ; H, 5.01. 

MS(70eV)nt/e34&340,338(0.2,0.4,0~/~M+),180(100,M+ 
- 2Br). ‘H-NMR (CRC&) 6 1.59 (dq, J1,7 - 11.0, Jz,, - J$,T 
=i: &,, = 0.8 Hz, 7-w), 1.67 (de J,, = 10.5, Jz, = JJPs or J 
J,, = J,, = =, 13.6 or Jt,d = 0.8 Hz, S-H or 4-H), 1.84 @id,’ 

2.93 fm, wider than m of 5-H, 2 
‘T-NMR (CDC1,)60.21 (d,207Hz,C-3~,9.02(d,209Hz,C- 
4),2l.%(d, 166Hz,C-1),29.42(d, 166H&C-7),31.12@ 133 
Hz, C-6), 37.46 (d, 160 Hz, C-2), 37.88 (s, C-8), 43.31 (d, 158 
we, C-5), C&I,: 126.52 (d,pC), 127.94 (d) and 128.61 (d) (o- 
aad m-e), 146,28 (s, . ~~~d~ C, 49.58; H, 3.44. C& 
fotC,~,,Br,(340.I)~c,49.45;H,3.56~.) 

washed with cold water. RcmyaW&ation fbui hkCb)I 
afbrdcd 1.83 g ($?$A) of 7b 85 oolourlm rectangular prisms, 
m_~l10-lll~.~s(?~ev)n3e397.345,343,U1(4,l~l~4~~ 

--Br), 199 (83), I@# (621,103 f67), 51flOO). ‘H-NOR, BGI 
1, L3GPSM%~Tabk2.{F~~lFound:C2288;)1, I.92;Br, 

75.4~.cslcforC,H~Br,(423.8):C,2267;K,1.9o;Br,75.43oJ,) 

of3a,d(l1.2 g,60,5mmol) was treatedwithC,H,N+Br,’ (19.4 
g,60.5mmol),~~workupdthe~~~~9.80g(4~~afa 
crystalline 2 : 1 mixture of 7aJ, w&h wm dimolvcd in 70 ml of 

er evaporation of t&e 
a brown oiI nnu&ed, which was 

dissolved in the um quantity of ether. After addition of 
pentane to a paint where a ati& taco oould be obserwd, 
the mixtun was kept at - 35” for 2 days to adbrd 1.88 g (ls”l, 

d3d ascolo 
~~~~~~~~~,26~ ~63{1~2~ 

map. 8?~~. MS 
f30J M -Br), l~(I~~; 

‘ISalmost idrzl ~~thatof7~iH-~MRaaeTableI.“~~ 
NMR, see T&k? 2. (Found: 78 : C, 27.61; I-I, 261; Br, 69.57 ; 
7d: C, 27.56; H, 2.70; Br, 68.78. C&c for C&H9Br, (344.9): C, 
27.86; H, 2.63 ; Br, 69.51x.) 

c#Epo?u2& [7,8&j7a. ~~~ to the pronedure 

for Ib compound 3c 
1) wm treated with C&H,N+Br, (281& 8.79 

mmol). The workUp of the mixtuze @iYe crude 7c as 8 
~lourlesssalid,whicbwastrtatad~~30mlofCHCIB.So~ 
insoluble rnat~~ was removed by ~tio~ ; the vohme of 
the fibate was 

20, ~~~~ty 19, C~~~~ 
evaporation of the &ate in m, and treatmant of the 
residual tiquid with 2 ml of petrolem ether provided 735 mg 
(36%) of pure 7c aa colo~rIess cryst& m.p. 13!&140”. MS (70 
eV) m/e 423,421,419,417 (8,23,23,8x, M+ -Br), 179 (100). 
“H-NMR, 4ee Table 1. lsGNMR, see Table 2. (Found : C, 
33.77;H,2~;~~,~.2l.~~for~~~H~~Br~(4~.9~:~33.~~ 
H, 2.42 ; Br, 63.~~~~ 

3 - cxo - liftoma - 7 - endo, - sryn - di~~o$~~~ 
[4.l.l.o’*4Jo&&n# (7e) 

The 1: 1 mixture c+f3a,d (690 mg, 3.73 mmol), dissolvaI in 3 
ml of anbyd py&ine+ was added droparise over 40 min to a 
stirred soln of II (947 lag 3.73 mmol) in 1Oml of pyridine kept 
at -3Sto -40”.TbemixtunwggBU~~towanntom”,and 
ALE w8% ~~~~~ for an ~~~ hour. The rcsuItin$j 
brown-red soln was poured into 60 ml of ic+wa 
brown solid thus ppt was isolated by f&ration. The 
extracted with hat MeOH. Concentration of the resulting 
extracts gave a brown solid which 

Table 1. 

180 mg (22% with 
es> m.p. 12~1214, M 

-I), 105 (~~~* ‘H-NMR, see 

was obtained by means ofevapxtioa rt 20”/0.01 Torr into a 
trap kept at -78”. This material contained some n-B&H 
(from n-B&i), which was removed by addition of NaH and 
repetition of the evaporation prooars. In the cooled trap 23mg 
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(45%)ofaliquidwascoll~coneistingmainlyof3dPsshown 
by the NMR spectra. 

57 - exo, 8 - syn - Tribromobicyclo[4.l.l)oc~ - 3 - exe (lOa) 
Inathick-wslledtube7a(S.7Og,16.Smmol)wasdin 

20 ml of anhyd benxene and 50 ml of anhyd acetonitrile was 
addedThetubewassealedandhe&edat lOO-lltI’for7bThe 
black ppt formed was removed by filtration, and the solvents 
were evaporated in oucuc. From the residual, dark brown. 
highly vi&us liquid, 5.00 g of a yellowish oil w& obtained by 
distillation at 70-80“ lbathUO.001 Torr. On tteatment with a 
small quantity of I&OH ‘this liquid was transformed into 
colourless crystaB Retion from MeOH yielded 4.62 
g(820/Jofa12: 1mixtureofl(kandllr,m.p.57-58”.IR(KBr) 
166O(C=C)cm-1.MS(70eV)m/e348,346,344.342(0.6,21, 
21.0.70/,M’).267il4), 185(62). 183(63), IO4(lOO).tH-NMR, 
seeTabk l.“C-NMR,seeTabk2.(Found:C,28.4O;H,277; 
Br, 69.82 Calc for CsHsBr, (344.9): C, 27.86; H, 263; Br, 
69.51%) 

Compotmd [7&Ds]lOr According to the procedure 
described above [7,8-DJ7a (1.82 g, 5.24 mmol) was 
transformed into [7,8-DJlth (1.50 g. 82y& In comparison to 
the ‘H-NMR spectrum of lti the absorptions at d 4.43 and 
5.25 were reduced to 5% intensity, and the multiplicities of 
the signals at 3.11 and 3.44 were simplified. 

23.7 - exo,8 - syn - 7’etrabromobicyclo[4.l.l]oct - 3 - ene (lob) 
Ina thick-walled tube7b(8OOmg, 1.89mmol)wasdissolved 

in5mlofanhydbenmne.Afteradditionof8mlofanhyd 
acetonitrik the tube was sealed and heatal at 100-l 10“ in an 
oil bath for 96 h. The black ppt formed was removed by 
filtration and the solvents were evaporated in uauw. The 
residual light brown solid was racrystallipd twice from 
MeOH to& 645 mg (8 lo/ of lob as &lourless needles, mp. 
121-122”. IR (KBr) 1642 (C=C) cm-‘. MS (70 eV) m/e 428, 
426,424,422,420(1,4,6,4,10/, M+), 104(100) ‘H-NMR, see 
Table 1. “CNMR, see Table 2 (Found : C, 23.03 ; H, 205 ; Br, 
75.54.CalcforCsHsBr,(423.8):C,22.67;H, 1.9O;Br,75.43%.) 

2,3,7 - exo.8 - syn - Tetrabromo - 5 - exo - phenylbi- 

cyclo[4.l.l]oct - 3 - em? (lot) 
Inathick-walledtube7~(56Omg, 1.l2mmol)wasdissolved 

in 10 ml of anhyd benxene and 40 ml of anhyd a&o&rile was 
added. The tube was sealed and heated at 110” for 72 h. 
Evaporation of the solvents in wrcuo, dissolution of the black 
residue in CHCls, liltration of this soln through Also, 
(activity grade III, column 10 x 2 cm), and again evaporation 
of the solvent fn eacuo gave a yellowish 0iL which was treated 
with5mlofpetroleumethertofumish173mg(31°~of1Ckas 
colourkas crystals, lap. 132-133”. MS (70 eV) m/e 504,502, 
500,498,4%(0.1,0.4,0.6,0.4,0.10/,M+), 179(1OO).‘H-NMR, 
see Table 1. “C-NMR, see Table 2. (Found : C, 33.91; H, 229 ; 
Br, 63.74. Calc for C H II 12 * Br (499.9): C, 33.64; H, 242; Br. 
63.94%) 

7 - exo.8 - syn - Dibromobicyclo[4.1.1]ccta - 54 - diene (lln) 
1.8Diazztbicvclof5.4.Olundeo7-ene (DBUl (3.80 e 25.0 

&ol) was add&l to-a&of lOa(5.5Og’l5.9n&ol)diilved 
in 16 ml of anhyd benxcne. Under N1 the mixture was warmed 
to3~for48h.Tothismixture5Omlofwaterand2Omlof2 
N HCl were added to dissolve the ppt and to remove excess 
DBU. mspectively. The mixture was extracted with two 60 ml 
portions of ether -&id 40 ml of CHsCls, the combined organic 
layers were washed with NaHCO, au anddrial over Na,SO.. 
Evaporation of the solvents in t&t& and distillation Gf the 
residual yellow oil at 40-50” (bath)/O.lXB Torr gave a 
colourless liquid, which solid&l rapidly. Retion 
from i-propanol afforded 3.11 g (74%) of lla, m.p. 63-64’. The 
residue from the distillation consisted mainly of unchanged 
starting material 101, which was resubmitted to the 
elimination with DBU to give a second crop of lla. IR (KBr) 
1598 (C-q cm-‘. UV (n-hexane) ,l,_ (log s) 305 (331). 291 

(3.50),279(3.54),268(3.46),260(sh,3.36),251(&,3.25),212nm 
(sh,3.65).MS(7OeV)m/e266,264,262(1225,l.30/MM),lO4 
(100). ‘H-NW see Table 1; “C-NMR, ace Table 2 (Found: 
C,36.34;2/327;Br,60.74.CelcforCsHsBrs(264.0):CJ6.40; 
II, 3.05 ; Br, 60.55x.) 

Comgamd [7,8-D,]lla. According to the procedure 
described above [7,&Ds]l(h (1.50 g. 4.32 mmol) was 
converted into [7,8-DJlla (720 mg, 6Y/& In comparison to 
the ‘H-NMR spectrum of 118 the absorptions at d 4.38 and 
5.33wererirtuanymissin&andthemulti~citiaofthesi~als 
at 3.44 and 5.80 were correspondingly reduced 

3.7-exo,8 -syn- ~ribromobtcycrO[4.l.l~u-~-~(llb) 
DBU(450mg,296mmo1)wasaddedtothesolnof18)(500 

mg,l.18mmol)in6mlofenhydbenxeneunderN~.After4dat 
20’ a @on of a colourlesa solid in the yellow soln was 
formed.Water(lOmBand5mlof2NHClwenaddedto 
dissolve the solid and’rwnove the excess DBU. The mixture 
was extracted with four 20ml portions ofether; thecombined 
organic layers were washed with N&ICC, aq and dried over 
NasSO, Evaporation of the solvents in orraco’gave 384 mg 
(95%)ofpure11basayellowishsolid,m.p.79-80”,whichafter 
sublimation at 45” (bath~.oOl Torr gave a coburkss solid 
m.p.80-81”.1R(KBr)1617(C=C),1592(C=C)cm-’.UV(n- 
hexane) & (log s) 317 (2.98), 304 (3.28). 293 (3.29), 284 (sh, 
3.16),27l(sh,2.85),234nm(3.36).MS(7OeVlm/e346,344.342, 
340(0.8,2.2,2.3,0.80/,,M+), 103(lOOj. ‘H-hIMR,steTable 1; 
13CNMR, see Tabk 2 (Found : C, 28.41; H, 2.21; Br, 69.80. 
Calc for CsH,Brs (3429): C, 28.02; H, 206; Br, 69.92%) 

4.7 - exo.8 - syn - Tribronw - 2 - p!tenylbicyclo[4.l.l]octa-2+ 
dime (11~) 

AsohtofDBU(522mg3.43mmol)in5mlofanhydbenrene 
was added to l@e (1.41 g, 282 mmol) dissolved in 15 ml of 
benxene.Afterstirringforldat20”,acolourl~pptwas 
formed which was dissolved by addition of water. The organic 
layerwasseparated,andthewaterphasewasextra&dwith 
thee 25 mlpOrdons of ether. The combined organic phases 
wcrewashed~with20mlof2NHaandthenwithNaHCO.~ 
and dried over Na,SO,. Evaporation of the solvents h & 
liltration of the brown -residue through Also, (activity grade 
III, column 10x2 cm, CHCl,L and conrantration of the 
filtratcin~~veali~tyeU~~o~wbichwas~tedwitha 
few ml ofn-pentane to agord 770 mg (659;) of I lc aa colourkss 
crystPlq~p.85-86°.1R(KBr)l~5,1570(C---_C)cm~’.UV 
(n-hexane) &_ (log e) 316 (3.91X 237 (sh, 3.91), 228 (3.96), 222 
nm (sh, 3.94). MS (70 eVj m/e 422,420,418,416 (1.4,4.0,4.0, 
1.20/, M*), 179 (100) ‘H-NMR, see Table 1. 13C-NMR, me 
Tab1e2(Found:C,40.43;H.3.03.CalcforC,~~iBrs(419.0): 
C, 40.13; H, 2650/,) 

Tricyc&5.l.tIOs*s$7&s-3,5-dfene (la) 
Toasolnoflla(5OOmg,1.89mmol)in7mlofanhydetherat 

-78”wassyringedt-BuLi(l.5Omlofl.25Minn-pentane,l.88 
mmol) over 20 mitt under Ns. The soln was stirred at - 78” for 
anadditioaalpcriodof3ominaadthen~o~towarmupto 
0”. After cautious hydrolysis of the mixture with a minimum 
quantityofwater,theaqueouslayerwasremovedbymeaneof 
a pipette at #)” and the organic layer was dried over anhyd 
K,CO,.Thesolnntwaaevapo~t~atO’Ino~u,(2OTorr)to 
yield a residual yellow liquid, from which a c&urkssliquid 
(98 mg, 50”/ was obtained by distillation at 20” in uccuc (0.01 
Torr)intoatrapkeptat -78”.ThisBquidwasa/: lmixtureof 
laandCOTslongwithl%ofctbsrPndanimpuritya~ga 
singlet absorption (iitensity 10% in relation to the singlet of 
COT) at 6 1.07 in the ‘H-NMR spe&um. Attempts to purify 
ln by VFC (5% NaOH and m arbowax 20M on 
chromosorb E) failed, since under- there condittons la 
rauranged to COT. Utiliration of n-BuLi instead of t-BuLi 
gavea3:l~t~ofl~andCOTal~witbn-BuBr.nhich 
could not be removal. MS (70 eVj m/e 104 (loo%, M’), 103 
(76), 102(13),92(12),91(15),78(95),77(50),63(13),52(17),51 
(45), 50 (25x 39 (28). ‘H-NMR sse Table 3. ‘SC-NMR, see 
Table 4. Dissolved in Cp, la marrat& to CDT at Xl“. the 
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half-life being approximately 5 h. In contrast to the behaviour 
of lb (ace below), the patent hydrorarlxut la did not change 
whenoxygenwa.9hubblalthroughitsaolnatoO. 

Compound [l,&Da-Jla According to the procedure 
described above ~,8-Da)lla was treated with t-BuLi to give a 
1.2:1 mixture of [l&Ds]la and CD&OT (neither the 
&utcriumoontcntofCXYTwrtbc~tio~ofthelabdrwert 
investigated). In comparison to the ‘II-NMR apechum of II, 
in that of [1,8-D& the signal of 1,8-H (6 0% CaDs) was 
almost eompktely mkuiug, and the multipli&y of the 2.7-H 
absorption had changed to a broad doublet. On warming up 
to 50” in C,D, the intensities of thethrm signals of [l,&D;Jla 
deueased and that of the COT nbaorption increa&. No 
additional signal at d 0.96 appeared 

CBrMonicycloCS.l.O.d.s]octa-3,5-dienc (lb) 
To a soln containing llb (500 mg 1.46 mmol) in 10 ml of 

anhydetherat -78”w~assyringedn~Buti(1.32mlof1.1Min 
ether, 1.46 mmol) over 10 mitt under N,. The rtinhtlv yellow 
solnwasstirredat -78”for2Ominand&enalJo&d~dwarm 
up to00.Aftercautioushydrdyeiswiththeminimumquantity 
of water, the aqueous layer was removed by wmatts of a pipette, 
and the organic layer was dried over anhyd K,C03 at 20”. 
Sometimea, the mixture turned black suddenly at -20 
indicating an excess of n-&Q although this reagent was 
initially introduced stoichiometrically. In these. casea 
immediate hydrolysis gave the usual yield of lb after the 
workup. However, allowing the black soln to warm up led to 
complete decomposition. After drying, the ether soln was 
concentrated in uactw and from the residual viscous yellow oil, 
120 mg (45%) of colourless crystalline lb, m.p. 30-32”. was 
obtained by means of distillation at 2&25” (bath)/O.oOl Torr. 
When llb was utilii in excess with respect to n-BuLii the 
remaining llb in part c&stilled with lb. Then a second 
distillation at 4(Mo” (bath)/O.2 Torr was performed to furnish 
pure lb. Since the crystals of lb were transformed by air within 
minutes into a colourless liquid, which showed only broad 
absorptions in the ‘H-NMR spe&um, lb must be handled 
strictly in an atmosphere of Ns. Solns of lb were found to be 
less sensitive, but bubbling oxygen through asamplein CDCl, 
caused complete decomposition within 2 h at 20”. In contrast 
to CsD, solns, those in CDCls were found to decompose in a 
few days at - 2O”,probably due to the sensitivity of lb towards 
traces of acid. Samples of pure lb which had heen sealed in 
uacuc were stable over an extended period of time at - 20”. IR 
(film) 1635 (M) cm-‘. UV (n-pentane) &_ (log .a) 327 
(9 2.71), 321 (sh, 2.93), 312 (sh, 3.21), 306 (sh, 3.29). 299 
(3.36), 294 (3.36), 289 (sh, 3.34), 282 (sh, 3.29), 226 (sh, 3.51), 
204nm(3.78).MS(70eV)m/e184,182(1,1%,M+).103(100), 
102 (21), 77 (76), 76 (10). 51 (40), XI (24), 39 (12). ‘H-NMR, 
seeTable3. ‘3C-NMR,seeTable4.(Found:C,52.84;H,3.99. 
CalcforCsH,Br (183.1): C, 52.49; H, 3.85%.) 

5 - Bromo - 3 - phenyl - (lc) and 3 - bromc - 1 - phenyltri - 
cyclo[5.1.0.0s~*]octo-3,5-di (11) 

ToasolnoflIc(72Omg,l.72m&tol)in10mlofanhydether 
at - 78” was syrixwd n-BuLi (1.38 ml of 1.3 M in hexane. 1.80 
mmol) over 2d min under N,. kpter continuous stirring for 30 
min at - 78”, the soln was allowed to warm to 0”. Cautious 
hydrolysis, separation of the layers, extraction of the aqueous 
layer with ether, drying of the combined ether layeta over 
Na,SO,. and evaporation of the solvent in uacuo gave 410 mg 
of a viscous, brown oil, which was shown by NMR 
spectroscopy to be a 5 : 1 mixture of 1c.d containing only a few 
impurities. Using meaitylene as an internal standard, the yield 
of lc,d was determined to be 172 mg (42”/.). Attempts to purify 
and to separate the mixture by distillation or chromatography 
failed because lc,d decomposed under the conditions 
employed. ‘H-NMR, see Table 3. “C-NMR, see Table 4. 
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