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AbrhKt-Peracid oxidation of endo-tricyclo[3.2.1.0’.*]octbene (X) yields epoxidc XII. Lithium- 
ammonia reduction of XII gives rise lo the known. unrcarranged alcohol XIII whereas lithium alumiaium 
bydridc reduction of the cpoxidc XII forms the rearranged alcohols XIV and XV. Rearrangcmcnt also 
occurs whm the cpoxide XII is treated with hydrobromic acid to yield the bromohydrins XVI. XVII and 
XVIII. The mazhanism of thcsc acid catalyscd rearrangements is discussed. Bromohydrin XVI was con- 
verted lo the known akohol XIV and also scrvcs as a soura of the previously unknown exe-tricycle 
[3.2.l.d**]oct-&m-of-g-o1 (XIX). Dcbromination of bromohydrin XVII forms the metbylnortricyclanol 
XV which was oxidiscd lo the corresponding mcthylnortricyclanonc XX. Reduction of ketone XX yields 
the diastereomcric methylnortricyclanol XXI stcreospccifically. Oxidation of bromohydrin XVII gave the 
corresponding kctonc XXII which on treatment with lithium aluminium hydride provided a mixture of 
XXIII and XXI. Treatment of bromohydrin XVII with alcoholic base yields the expectal elimination and 
substitution products. XXIV and XXV rcspcctively. and a small but significant amount of the methyl- 
nortricyclanonc~XX. the formation of which has bacn rationalized in terms of a l&hydride-shift- 
substitution reaction. The same mechanism accounts for the formation of the diastereomcric alcohols XV 
and XXI when bromohydrin XVII was reactad with sodium hydride although competing reductive 
debromination also occurs. Bromohydrin XVIII was converted to the alcohols XXVIII and XXXVI as 
partial proof of s1ruc1ure. 

ONE OF the most noteworthy features of the chemistry of the exe-oxides of nor- 
bomene.’ norbomadiene2 and benz.norbornadiene3 is the extent to which rearrange- 
ment accompanies cleavage of the epoxide ring. The recently reported deltacyclene 
oxide* behaves in a similar manner. For example, the predominant products formed 
by treatment of the exe-oxides of norbomene, benznorbomadiene and deltacyclene 
with HBr aq have rearranged structures.* The close similarity shown by these oxides 
in this reaction precludes any attempts to compare the oxides with regard to extent 
of and facility for rearrangement. 

In contrast, the reduction of these oxides with LAH is a reaction which does allow 
for some differentiation in the propensities for rearrangement_ It would appear that 
the proportion of rearranged products increases in the order: norbornadiene 
em-oxide > benznorbornadiene exo-oxide > norbomene exo-oxide. Several groups 
of workers have reported lb” that LAH reduction of norbomene exe-oxide yields 
the unrearranged alcohol III exclusively. However, the proportion of rearranged 
alcohol II formed in this reduction does appear to depend on solvent and temperature 
since in one instance the reduction is reported” to yield a mixture of rearranged 
alcohol II (8%) and unrearranged alcohol III (92%). Nevertheless the proportion of 

l Unda conditions (anhydrous HBr in ether) presumably less favourabk for the formation ofdissociated 
ions as distinct from ion-pair intcrmcdiatcs dcltacyckne oxidc yields predominantly. unrcarrangcd 
bromohydrinn !Zee Ref. 4. 

2255 



2256 B. C. HENSHAW, D. W. ROME and B. L. JOHNWN 

rearrangement is quite small. The e&o-oxide of norbornene gives unrearranged 
alcohol only.‘I 

LAH reduction of the exo-oxide of benznorbornadiene IV3’ yields mainly the 
rearranged alcohol. anti-7-benznorbornenol (V). However. the proportion of. WI- 
rearranged alcohol formed in this reaction was not determined. It is worthy of note. 
that a Me derivative of the related 3.4-benzobicyclo[3.2.l]oct&ene oxide (mainly 
exo) under similar conditions forms a significant proportion (42%) of an alcohol. 
tentatively assigned the rearranged structure VI.’ 

Norbornadiene exe-oxide.VII’* l3 is unstable and undergoes very facile rearrange- 
ment to bicyclo[3.1.0]hex-2-ene-endo-6-carboxaldehyde (VIII).* LAH reduction of 
this oxide yields the corresponding rearranged alcohol IX. Rearranged products are 
formed exclusively with norbornadiene exo-oxide and furthermore. it would appear 
that the rearrangements are much more facile than with the oxides of benznorborn- 
adiene and norbomene. 

The formation of rearranged products in these reactions has been rational- 
ized lo* “* 3a in terms of a mechanism involving acid (proton or aluminium) catalysed 
opening of the epoxide ring with intermediate formation of a carbonium ion. It seems 
plausible therefore that the increased reactivity of norbomadiene exo-oxide (and lo 
a lesser extent ~n~orbornadiene exa-oxide) is due mainly to the present: of a 
favourably oriented double bond which may conceivably parti~pate in the initia1 
ionization step and would certainly stabilize the intermediate carbonium ion. 
Cyclopropane rings in related environments are known to behave like double bonds6 
and we thought it interesting to study the chemistry of the oxides of the known 
olefms, endo-tricyclo[3.2.1.0z+4Joct-6-ene (X)’ and exo-tricyclo[3.2.1.02*4]octdene 
(XI).8 

In conjunction with other studies we aiso required the previously unknown 
alcohol. exo-tricyclo[3.2,1.02~4]oct-6en-anti-8-ol (XIX). and it was conceivable that 
this alcohol could be synthesised from the oxide of X. In the present paper we present 
the results of our study of the oxide of endo-tricyclo[3.2.1.02*‘]oct-6-ene (X)t. A 
preliminary account of the preparation and reactivity of the oxide of exo-tricycle 
C3.2.1 .02*4]oct-6-ene has been pubiish~ recently.” 

RESULTS AND DISCUSSION 

Oxidation of the tricyclic olefin X7 with monoperphthalic acid or more con- 
veniently with commercial peracetic acid gave exo-3-oxa-endo-tetracyclo[3.3.1.02*4. 
06* ‘]nonane (XII) stereospeci~~lly and in excellent yield. Analysis of the crude 
product on several WC columns showed only one component. The NMR spectrum 
of XII displayed a two proton singlet at ‘c 7.12 which was assigned to the two equiva- 
lent oxirane protons at C-2 and C4. The width at half-height of this singlet (2.5 Hz) 
suggested that the epoxide ring is in the exe configuration such that there is no 
appreciable coupling between the oxirane protons and the bridgehead protons at 
C-l and C-5. A similar feature characterizes the NMR signal of oxirane protons in 
the exo oxide of norbornene (I). ” The NMR signal due to H,, occurs at T 938 and 

l An additional rearranged product is reported to be formed in this reaction. See Rcf 2b. 
t These results have been reported in preliminary form. See Ref 9. 



endo-tricyclo[3.2.1.02~4]oct-6-me exo-oxide 2257 

approximates an octet. Simple first order analysis of this signal gives Jn,.n,. = 

JH,xJH,(H~) = 65 HZ and JH,IHPm = 2.5 Hz The long range stereospecific coupling 
between H,. and H,, is reminiscent of the coupling observedt2 in olefm X between 
H,, and H,,. The observation of this coupling in epoxide XII provides some evidence 
for the configuration of the cyclopropane ring. 

More definitive evidence for the proposed structure was obtained from chemical 
transformation. In seeking a reaction for this purpose it was noted that Li/EtNH, 
reduction of the endo oxide of norbornadiene is reported to proceed without re- 
arrangement.’ 3 A reduction of this type therefore appeared to the most feasible for 
proof of the structure of epoxide XII. Accordingly the epoxide XII was reacted with 
Li/NH, and was converted cleanly to endo-tricyclo[3.2.1.02*4]octan-exo-6-01 (XIII). 
The product was identical to a sample of XIII prepared according to published 
procedure”“ involving hydroboration of olefm X followed by oxidative work-up. 

Reduction of epoxide XII with LAH/diglyme, following the recommended method 
of Yoon and Brown.” yielded two alcohols. XIV (95%) and XV (5%). both of which 
have rearranged skeletons. By way of contrast. norbornene exo-oxide (I) under 
identical conditions gives exclusively the unrearranged alcohol III. Alcohol XIV was 
identified by comparison with an authentic sample prepared according to the 
literature.14 Alcohol XV was identical with an authentic sample described further on. 

Treatment of epoxide XII with HBraq yielded a mixture of three bromohydrins. 
two of which were separated by chromatography on alumina and identified as 
exo-6-bromo-exo-tricyclo[3.2.1.02~4]octan-u~ti-8-o1 (XVI) and endo-5-bromomethyl- 
tricyclo[2.2.1.02*6]heptan-exo-3-ol (XVII). The minor component XVIII could be 
obtained only as a mixture with XVII. 

Reductive debromination of bromohydrin XVI with LAH in refluxing ether gave 
the known tricyclic alcohol XIV which was identified by comparison with an authentic 
sample. l4 This transformation defines the structures of XVI except for the configura- 
tion at C-6. The exe configuration for the 6-bromo substituent is preferred since the 
IR OH stretching frequency of XVI (3572 cm- ‘) is some 64 cm- ’ lower than that of 
alcohol XIV (3636 cm- ‘). indicative of the presence of intramolecular hydrogen 
bonding Further evidence for this configurational assignment was obtained from 
the NMR spectrum of the p-nitrobenzoate derived from XVI. The NMR signal due 
to the proton at C4 appears as a triplet each line of which is further split by approxi- 
mately 1 Hz into a doublet. As such. the pattern approximates the X part of an ABX 
pattern with Jobsd = 5.5 HZ = $ (JHsH,_ + JHsH,..) and J,,,, x 0. The extra splitting 
(1 Hz) has been assigned to stereospecific coupling between the proton at C-6 and 
that at C-8. by analogy with the known coupling of this type in certain norbomane 
derivatives.15 The significant feature of this pattern is the lack of coupling between the 
proton on C-6 and the vicinal bridgehead proton at C-5. This feature is characteristic 
of the endo proton at C-6 (and C-7) in tricyclo[3.2.1.02*4]octane derivatives.6” 

Dehydrobromination of the tetrahydropyranyl ether of XVI and subsequent 
hydrolysis. following the well documented procedure3’* ‘9 provided the previously 
unknown exo-tricyclo[3.2.1.02*4]oct-6-en-anti-8-01 (XIX). The IR OH stretching 
frequency of alcohol XIX occurred at 3567 cm-’ and indicated the presence of intra- 
molecular hydrogen bonding and hence a syn relationship between the OH group 
and the double bond. Further evidence for this configurational assignment was 
obtained from the appearance of the vinyl signals in the NMR spectra of the alcohol 
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TABLE I. PRODUCT DISTRIBUTION FROM NaH/THF REDUCTION OF XVII AND XX 

Reactant 
xx 

Product Composition (%) 

xv XXI 

XVII 2 64 34 

xx 2 23 75 

XIX and of the derived tosylate. The appearance of both signals provided evidence 
for the presence of a long range stereospecific coupling between the vinyl protons 
and the anti proton at C-8”; the vinyl signal in the NMR spectrum of the parent 
alcohol was not clearly resolved and appeared as a broad multiplet whilst the corres- 
ponding signal in the NMR spectrum of the derived tosylate occurred as a well 
resolved doublet of triplets with the “triplet” separation equal to 2 Hz and the long 
range coupling equal to 1 Hz. However. conclusive evidence for this stereochemical 
relationship and for the overall structure was obtained by treatment of alcohol XIX 
with LAH in ether at room temperature. Under these conditions alcohol XIX was 
smoothly converted to the known alcohol XIV14 which was shown to be identical 
to an authentic sample. Reduction of the double bond under these conditions is 
known to be characteristic of syn-norbom-2en-7-01 derivatives’* as well as endo- 
tricyclo[3.2.1 .O’Q 4]oct-6en-anti-8-ol.17 

The second bromohydrin resulting from HBr treatment was assigned structure 
XVII on the basis of physical data and chemical transformation. The IR spectrum 
of XVII displayed an OH stretching frequency at 3617 cm-’ and a medium intensity 
band at 3057 cm-’ which was assigned to the C-H stretching of the cyclopropane 
ring.” The NMR spectrum showed no absorption in the vinyl region: the signal at 
lowest field (T 5.94) occurred as a poorly resolved triplet (one proton: J = 1 Hz)* 
and was assigned to the carbinol methine proton. A two proton doublet at 5 673 
with J = 8 Hz was assigned to the protons of the bromomethyl substituent. Reductive 
debromination of bromohydrin XVII gave the corresponding methylnortricyclanol 
XV which displayed a characteristic Me doublet (J = 7 Hz) at ‘5 9.1 in the NMR 
spectrum. CrO, oxidation of XV yielded the corresponding methylnortricyclanone 
XX which readily formed a 2.4-dinitrophenylhydrazone and showed strong absorp- 
tion in the IR spectrum at 1760 cm -l. The frequency of this carbonyl absorption 
compares quite favourably with that reported (1753 cm-l) for nortricyclanone.21 
LAH reduction of the methylnortricyclanone XX occurred stereospecifically and 
formed the diastereomeric methylnortricyclanol XXI. Oxidation of XXI regenerated 
the ketone XX. 

The stereospecificity of this reduction does allow for some tentative conclusions 
with regard to the relative conligurations of the carbinol carbon and Me substituted 
carbon in XV and XXI (and hence the stereochemistry of ketone XX and the parent 
bromohydrin XVII). One might expect that for a structure such as XX stericapproach 
control of hydride reduction would favour the formation of one diastereomer (the 
endo. endo alcohol XXI) over the other (the exo. endo alcohol XV):.whereas for the 

l The NMR signals of the carbin methme protons in nortricyc)anoi derivatives hear a close resem- 

blance to this signal. See Ref. 20. 
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isomeric methylnortricyclanone in which the Me group was syn disposed to the 
methylene bridge the stereoselectivity of hydride reduction might be far less pro- 
nounced. However the result is indicative of structure rather than conclusive. 

In an effort to resolve this question of stereochemistry. bromohydrin XVII was 
first oxidised to the corresponding ketone XXII which displayed characteristic IR 
absorption at 3067 cm-’ (cyclopropane C H stretch) and 1762 cm- ’ (C==O 
stretch) and readily formed a 2.4-dinitrophenylhydrazone. Subsequent reduction of 
the bromomethylnortricyclanone XXII with LAH in ether at room temperature 
(conditions which are much milder than those used to convert XVII to XV) afforded 
a mixture of the tetracyclic ether XXIII (44”/,) and the endo. endo-methylnortricyclanol 
XXI (56%). 

The identity of alcohol XXI was confirmed by oxidation to the ketone XX. The 
tetracyclic ether XXIII showed characteristic absorption in the IR spectrum at 
3060 cm-’ (cyclopropane C H stretch). The NMR spectrum of XXIII displayed a 
broad triplet (J = 15 Hz) at T 590 (one proton). ascribable to the proton on C-7. 
and a deceptively simple “doublet” at r 6.31 (two protons) with a separation of 1.5 Hz 
which was assigned to the methylene protons at C-9. Formation of XXIII may be 
rationalized by assuming that the bromomethylnortricyclanone XXII is reduced 
stereospecifically (as is the case with the methylnortricyclanone XX) to give the 
alkoxide anion of the diastereomeric bromomethylnortricyclanol which undergoes 
facile intramolecular bromide ion displacement yielding the tetracyclic ether XXIII. 
We believe that the formation of XXIII under these conditions is firm evidence for 
the proposed stereochemistry ofketone XXII since if the ketone possessed the alternate 
stereochemistry with the bromomethyl substituent anti to the carbonyl group intra- 
molecular ether formation would have been impossible. The endo. endo alcohol XXI 
appears to be formed by two pathways. Reductive ring opening of XXIII seems to be 
a minor pathway since separate treatment of XXIII under identical conditions gave 
a mixture of XXIII (95%) and XXI (5%). The major portion of XXI would appear 
to be derived via direct reductive debromination of ketone XXII to the methylnortri- 
cyclanone XX and subsequent known stereospecific reduction to yield the endo. endo- 
methylnortricyclanol XXI. The facility with which this reductive debromination 
occurs is worthy of note since it confirms the proposed stereochemistry of ketone 
XXII and hence the bromohydrin XVII. The conditions (refluxing LAH. ether for 
108 hr) required for reductive debromination of bromohydrin XVII are more drastic 
than the conditions (LAH/ethcr at 150 for 30 min.) which lead to reductive debromina- 
tion of the bromomethylnortricyclanone XXII. In the latter case it is plausible that 
the aluminium hydride complexes with the carbonyl oxygen leading to facile dis- 
placement of bromide ion by hydride at the favourably oriented bromomethyl 
carbon atom. 

It was considered desirable at this stage to provide further evidence that the 
bromomethyl group in XVII was indeed attached to a tertiary carbon atom. Treat- 
ment of XVII with KOH/EtOH gave rise to mixture of three components. The two 
major components were assigned structures XXIV (38%) and XXV (56%) on the basis 
of the following data. The NMR spectrum of olefm XXIV showed two sharp singlets 
at T 5-43 and 5.49 assigned to the two oleiinic protons. a broad triplet (J = 2 Hz) 
assigned to the carbinol methine proton and a sharp singlet due to the OH proton. 
The IR spectrum of XXIV displayed characteristic absorption at 3616 (OH stretch). 
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3073 (olelinic and cyclopropyl C H stretch). 1673 (C==C stretch) and 860 cm-’ 
(=CH, deformation and nortricyclene skeletonz2). The NMR spectrum of the ethyl 
ether XXV showed the characteristic ethoxy pattern comprised of a quartet (J = 7 
Hz) at T 6.61 and a triplet (.I = 7 Hz) at ‘I 8.85 as well as a broad triplet (J = 2 Hz) at 
T 6.01 assigned to the carbinol methine proton and a doublet (.I = 7 Hz) at T 6.72 
due to the second group ofmethyleneoxy protons. The third component ofthe mixture 
proved to be the methylnortricyclanone XX (4%) identified by vpc peak enhancement 
and JR data from a collected sample. 

The formation of ketone XX under these conditions may be explained in terms of 
a mechanism recently proposed by Gwynn and SkiJJern.23 These authors noted that 
basic treatment of endo-6-bromomethylnorbornan-exo-2-01 XXVI can give rise to 
ketone XXVII depending on the basic conditions. For example. NaH/THF reacts 
with XXVI to yield XXVII almost exclusively. This conversion was rationalized in 
terms of a novel intramolecular 1.4-hydride-shift-substitution reaction although the 
possibility of an intermolecular pathway was not discounted. It is entirely reasonable 
that the structurally related bromohydrin XVII could form ketone XX via the same 
pathway. 

Accordingly. the bromohydrin XVII was treated with NaH/THF to give a mixture 
which contained ketone XX but in very low proportion (2Y:,). The remaining products 
proved to be the diastereomeric endo. endo alcohol XXI (34%) and exo. endo alcohol 
XV (64%); (Table 1). It is known that enolizable ketones (such as XXVII) react with 
NaH to form the enolate anion rather than undergo hydride attack of the carbonyl 
carbon atom.24 With nonenolizable ketones (such as XX) the latter process occurs. 
On the basis of these observations it would appear that bromohydrin XVII undergoes 
1.4-hydride-shift-substitution to yield the methylnortricyclanone XX which. in 
contrast to ketone XXVII. suffers carbonyl reduction under these conditions giving a 
mixture of the diastereomeric alcohols XV and XXI. In support of this. ketone XX 
was found to give XV and XXI (and 2% reactant XX) under identical conditions. 
However. the proportions of XV (23’:‘) and XXI (75jt;,) were markedly different from 
the proportions resulting from identical treatment of bromohydrin XVII (Table 1). 
This difference in product distribution is not consistent with a single mechanistic path- 
way. involving 1.4-hydride-shift-substitution and subsequent carbonyl reduction. for 
reaction of bromohydrin XVII. We believe that XVII on treatment with NaH/THF. 
partitions between two competing reactions: one involving NaH debromination of 
XVII to give the exo. endo alcohol XV directly and the other involving 1.4-hydride- 
shift-substitution to give ketone XX which is reduced to alcohols XV and XXI. A 
comparison of the two product distributions suggests that these two pathways occur 
almost equally. 

The third bromohydrin XVIII resulting from HBr treatment of epoxide XII 
could not be obtained homogeneous and consequently structural elucidation was 
performed on a sample which contained some of bromohydrin XVII (ca 5”/,). The 
NMR spectrum of XVIII showed a one proton singlet at T 5.49 which was assigned 
to the carbinol methine proton on C-6. A one proton signal containing seven lines 
(doublet of doublets of doublets with J = 8. 5 and 3 Hz) occurred at T 5.76 and was 
assigned to the proton on C-4. Characteristic JR absorption occurred at 3625 cm-’ 
(OH stretch) and 3045 cm- ’ (cyclopropane C-- H stretch). Reductive debromination’ 
of bromohydrin XVIII yielded the known tricyclic alcohol XXVJJJ25 which was 
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identical to an authentic sample prepared from the corresponding tricyclic ketone* 
by reduction and subsequent equilibration of the epimeric alcohoLz5” 

Further evidence for structure XVIII. and in particular for the position of the 
bromo substituent. was sought by attempting to convert bromohydrin XVIII to 
the known unsaturated tricyclic alcohol Xx1X2’ under dehydrobromination condi- 
tions. However. treatment of bromohydrin XVIII with KOH in EtOH afforded the 
bicyclic alcohol XXXVI. This alcohol was identical to the major component obtained 
from LAH reduction of a mixture of the known esters3’ exe-7-carboethoxybicyclo- 
[fl.O]hept-3-ene (XXXIV) (97%) and endo-7-carboethoxybicyclo[4.l.O]hept-3-ene 
(XxX111) (3%). Although unexpected. the formation of alcohol XXXVI from bromo- 
hydrin XVIII under these conditions does provide some evidence for the position 
of the bromo substituent. If the bromo substituent is at C-4 in bromohydrin XVIII 
then one might expect this y-bromoalcohol to undergo heterolytic cleavage under 
basic conditions to give initially the endo aldehyde XXXVII.33 Subsequent epimeriza- 
tion of the endo aldehyde would yield the exo isomer XXXVIII which could well 
suffer hydride reduction under the above conditions34 to afford the corresponding 
exo carbinol XXXVI. 

Although these transformations define the parent skeleton and the coniiguration 
of C-6 of XVIII there still remains some ambiguity as to the configuration of C-4. 
The structural assignment shown in XVIII is preferred on the basis of mechanistic 
considerations. 

Formation of rearranged products on treatment of epoxide XII with either HBr 
or LAH may be considered as a criterion for an ionic mechanism. Accordingly. acid 
catalysed cleavage of epoxide XII would lead directly to the intermediate tricyclooctyl 
cation which by analogy with extensive prior work6. 2*-30 is represented schematically 
as structure XXX and which is thought to be in equilibrium with cation XXXI. 
Subsequent nucleophilic capture of cation XXX by bromide ion results in stereo- 
specific formation of bromohydrins XVI and XVIII. There appears to be very good 
evidence” that the exo-tricyclo[3 2.1.0’. 4]octyl product XVI is obtained solely from 
an intermediate such as XXX which ensures stereospecitic nucleophilic capture. 
However. the results of Berson et ~1.~~ indicate that the tricyclo[3.2.1.02*‘]octyl 
product XVIII may not be derived exclusively from the same ion but jointly from 
this ion and a tricyclo[3.2.1.02*‘]oct-4-yl cation XXX11 which is symmetrical with 
respect to nucleophilic attack. In this event. a bromohydrin diasteromeric with XVIII 
could well be formed and indeed the isolated tricyclo[3.2.1.02*‘]octyl product may 
well have this alternate stereochemistry. We feel reasonably confident that only 
one such diasteromer is formed in the present instance but some caution should be 
exercised in this regard particularly in view of the experimental difficulties encoun- 
tered in attenpting to recover this particular bromohydrin efficiently from the product 
mixture. We also feel that bromohydrin XVIII has the indicated stereochemistry 
since it might be expected that the present solvent system would not allow for signi- 
ficant leakage of cation XXX into the tricyclo[3.2.1.02*‘]oct-4-yl cation XxX11. The 
absence of any hydride shifted tricyclo[3.2.1.02~‘]oct-3-yl and the derived bicyclo- 

l Thts ketone was originally prepared by LeBel ref 25. Subsequently. an alternate and more con- 

venient method of preparation was reported almost simultaneously by three independent groups of 

workers ref 26. 
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[3.Z.l]oct-2-en-7-yl products does add some support to this assumption. However. 
this question of the stereochemistry of XVIII must remain open at this stage. 

The steps involving bromide ion capture of the intermediate cations are thought 
to be irreversible under the present conditions since in monitoring this reaction. and 
particularly the reaction of epoxide XII with MgBr, in ether. the product composition 
was observed to be independent of the extent of reaction. 

A similar mechanism may account for the products formed from LAH reduction 
of epoxide XII. As might be expected the product distribution is quite different. The 
predominant formation of the exo-tricyclo[3.2.1.02*4]octyl derivative is indicative of 
major hydride capture of ion XXX from a hydrogen atom which is bonded to alu- 
minium which in turn is bonded to the oxygen atom of XXX. 

EXPERIMENTAL 

All m.ps and b.ps were uncorrected. Microanalysa were performed at the Australian Microanalytical 

Service. Melbourne. NMR spectra refer to Ccl, solns and were recorded using a Varian A-60 spectrometer. 

Chemical shifts were measured on the r-scale relative to internal TMS. Multiplicities of signals are abbrevi- 

ated as follows: s = singlet. d = doublet. tr = triplet etc. IR spectra refer to Ccl, solns and were obtained 

with a Perkin-Elmer 337 spectrophotometer. Analytical vapour phase chromatography (VPC) was 

carried out using a Perkin-Elmer 880 gas chromatograph (F.I.D.) with the following columns: 

I. 0125 in O.D. x IO ft Cu column of Sp/, TCEP on non acid washed Chromosorb W 80/100.2.0125 in. 

O.D. x IO h Cu column of So/, Ucon 50 HB 2000 on non acid washed Chromosorb W 80/100. 3.0.125 in. 

O.D. x IOft Cu column of 5”,, Hyprose SP-80 on non actd washed Chromosorb W 8O/lOO 4. 0.125 in. 

O.D. x 10 li Cu column of 5% Carbowax 4000 on non acid washed Chromosorb W 80/100. 

Percentage composition of mixtures were calculated from area percentages of each VPC trace without 

correction for molar response factors. 

Preparative VPC was carried out using an Aerograph 700 Autoprep with following columns 

50.375 in. O.D. x IO ft Al column of IS:/; Ucon 50 HB Zoo0 on non acid washed Chromosorb W 60/80. 

6.0375 in. O.D. x IO ft Al column of IO?< Carbowax 20M on non acid washed Chromosorb W 60/80. 

Epoxidorion ojendo-rricyc/o[3.2.1.0z~4]oct-6-cne (X). (a) With monoperphrholic acid. Olefii X’ (8.1 g) was 

added to a soln of monoperphthalic acid (40 g) in dry ether (200 ml). The reaction mixture was allowed to 

stand for 3 days at 6’ until a dense precipitate of phthalic acid had formed. and was then washed with satd 

Na,CO,aq (8 x 100 ml). water (4 x IO0 ml) and dried (MgSO,). Evaporation of the ether under vacuum 

yielded exo-3-oxa-endo-tetracycIo[3.3.1.0’~4.06~*]nonane (XII) as a white crystalline solid (75 g 80%) 

m.p. 92 93 The crude solid was greater than 99.5 o<, one peak by VPC (co1 I. I01 ). An analytical sample. 

m.p. 92-93;. was obtained by vacuum sublimation of the crude solid. (Found: C. 78.55: H. 8.14: Calc for 

C,H,,O: C. 78.65: H. 8.250,;). NMR 7.12 s W,, = 2.5 Hz (2H): 753. br s W,, = 6.5 Hz (2H): 8.30. m 

(2H): 8.65. m (3H): 9.38. m (IH): IR 3070. 3030. 1046. 85Ocm.‘. The purity of epoxide appears to be 

determined solely by the purity of the oleftn used. 

(b) With peracetic mid. Commercial peracetic acid (4.5 ml) was added dropwise to a stirred. cold (0’ ) 
mixture of the olelin X (2.Og) in CH,Clx (25 ml) containing anhydrous NaOAc (@2 g). The mixture was 

allowed to stand at room temp and after 30min the temp had increased to 40”. The mixture was stirred 

at room temp for 1 I hr and then poured into ether (200 ml). The ether soln was washed with satd aq Na,CO, 

(4 x 75 ml). water (2 x 50 ml) and dried (MgSO,). Evaporation of the ether gave the epoxide XII (2.1 g. 

9l”t;) which was identical (NMR and IR) to the epoxidc described above. 

Li. NH3 reduction ofrpoxide XII. A snln of cpoxide XII (600 mg) in ether (3 ml) was added dropwtse to 

a mixture of Li shot (400 mg) and anhyd liquid NH, (70 ml) maintained at - 33 The mixture was stirred 

for 30 min and then EtOH added dropwisc until the blue colour disappeared. The NH, was allowed to 

evaporate and the residue was dtluted with H,O (50 ml) and then extracted with ether (3 x 50 ml). The 

ethereal soln was washed with satd NH,CIaq (3 x 50 ml). H,O (2 x SO ml) and dried (MgSO,). Evapora. 

tion of the ether gave an oil (480mg. 80”/,) whtch showed one major component (98:‘.,) on VPC (col 2. 

135’). The component was collected to give endo-trtcyclo[3.2.l.O’.‘]octan-exo6-ol (XIII) m.p. 7477 

(lit& 75-79.5). identical NMR. IR and m.m.p.) to a sample prepared by the procedure of Wiberg and 

Wenzinger.“’ NMR. 6.48. d of d. J = 25 and 6.0 Hr (IH). 590. s. OH (1H): 7.5 to 8.1. br m (2H) 8.2. br 
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s w,, = 4 Hz (2H); 8.3 to 8.9 br m (4H); 89 to 9.5. br m (2H); IR: 3625. 3075. 3030. 3011. 1085. 1070. 

lO37.‘102Ocm-‘. 

LAH reduction* qfepoxide XII. Epoxidc XII (440 mg) in dry diglyme (20 ml) was added to a suspension 

of LAH (100 mg) in dry diglyme (50 ml) and the mixture refluxed for 50 hr. Satd Na,SO,aq was added 

and the resultant mixture extracted with ether (3 x 2OOml). The ethereal soln was washed with H,O 

(3 x 100 mlh dried (MgSO,) and evaporated to give an oil (290 mg. 65%) which on analytical VPC (co1 2. 

135’) showed the presence of two components (5% and 95%). Separation of the two components was 

effected by preparative VPC (col 5. 160”). The minor component was shown to be identical (NMR and 

IR) to tbe methylnortricylanol XV which is characterized further on. The major component was shown 

to be exo-tricyclo[3.2.1.0’*4]octan-anti-8-ol XIV m.p. 72-73’ (lit ” 7S76) by comparison of the IR and 

NMR spectra with those of an authentic sample of XIV prepared according to the published procedure’*. 

Reaction oJepoxide XII with HBraq. A soln of the epoxidc XII (12.3 g) in petroleum ether (80 ml) at IO 

was poured slowly into aq HBr soln (48%. 31 ml) with shaking and cooling After 15 min the mixture was 

extracted with ether (3 x 15Oml) and the ether extract washed with sat Na,CO,aq (3 x I5Oml) and 

dried (MgSO,). Evaporation of the ether yielded a brown oil (16.3 g) shown to be a mixture of three major 

components by analytical VPC (XVI 47%. XVII 42% and XVIII llo/,: col 1. 105”). The components of 

the mixture appeared to be stable under these analytical VPC conditions but attempted separation of the 

components by preparative VPC at slightly higher temperatures and with thermal conductivity detection 

resulted in extensive decomposition. 

The crude oil was chromatographed on neutral alumina (activity II: 70 g of alumina to I g of crude oil). 

In this manoer homogeneous samples of XVI and XVII were obtained but in low yield due to incomplete 

separation. Elution with a mixture of 90% pet ether: loo/, ether gave a solid (5.2 g) which showed only one 

peak on analytical VPC (col 1. 105”). Crystallization (twice) from pet ether yielded exe-6-bromo-exo- 

tricyclo[ 3.2. l.0’.4]odan-anti-8-ol XVI as fine needles m.p. 58.5-59.5”. (Found : C. 47.29; H. 566: Br 39.2: 

Calc for CsH,,BrO; C. 47.32: H. 546: Br. 39.4%). NMR 5.92 br tr (1H); 6.13. br s W,, = 6 Hz (1H): 

7.55. m (4H): 7.7 s OH. (1H): 8.93. m (3H): 9.73. m (1H); IR 3550. 3056. 3005. 1053.615. 585. The pnitro- 

benzoate. prepared in the usual manner with pnitrobenzoyl chloride and pyridine. was crystallized (three 

times) from pet ether and had m.p. 98-99”. (Found: C. 51.10: H. 4.15: N. 360: Br. 23.0: Calc for C, ,H1.04 

NBr: C. 51.15: H. 400: N. 3.89: Br. 22.7%). 

Elution with a mixture of 8pA, pet ether: 20”/, ether yielded endo-5-bromomethyltricyclo[2.2.1.0z~6] 

hcptan-exo-3+l (XVII) (1.6 g) as a colourless oil which displayed only one peak on analytical VPC (co1 1. 

105”). An analytical sample was prepared by microdistallation under vacuum. (Found : C. 47.35: H. 560: 

Br. 39.7: Calc for C,H, ,BrO: C. 47.32; H. 546: Br. 394%). NMR: 5.94. poorly resolved tr. J = 1 Hz (IH): 

6.73. d .I = 8 Hz (2H): 704. s. OH (IH); 7.77 to 8.26. m (3H): 8.50 to 8.86. m (4H): IR 3617. 3057. 1046. 

624.574cm-‘. 

Further clution with a mixture of 80”/, pet ether: ZaO/, ether gave a low melting solid fraction (50 mg) 

which was enriched in the minor component (950/,). An analytical sample was prepared by microdistillation 

under vacuum. (Found: C. 46.97: H. 5.42: Br. 39.7; Calc for C,H,,BrO: C. 47.32: H. 546: Br. 39.4%): 

PMR: 5.49. s (IH); 5.76 d of d of d. J = 8. 5 and 3 Hz (IH): 6.58. s OH (1H): 7.3 to 8.0. br m (4H): 846. 

m(3H):9.02.m(lH):IR: 3625.3045. 1058cm-‘. 

Reaction ofepoxfde XII with MgBr, in ether. The procedure is similar to that used by Crandall” with 

norbomene oxide. Bromine (244mg. 2mmol) was added to a stirred mixture of Mg turnings (56mg 

2.3 mmol) in anhyd ether (50 ml)at 0”. When the cxothermic reaction had subsided the mixture was brought 

to room temp and then stirred for a further 3 hr. At this stage the mixture consisted of two phases a 

colourlcss upper phase and a slightly turbid lower phase. A soln of epoxide XII (170 mg. 1.4 mmol) in 

ether (20ml) was added and the mixture stirred for 3 hrs at 15 . Cold 10% NH,CIaq (40 ml) was added 

and the ether layer was separated and washed with So/, NaHCO,aq (2 x 20 ml). water (3 x 20 ml) and 

then dried (MgSO,). Evaporation of the ether yield a pale yellow oil (280mg) which on VPC analysis 

showed four peaks corresponding to epoxide XII (10%) and bromohydrins XVI (330/,). XVII (48:Q and 

XVIII f9”/;,). The cpoxidc XII was identified by peak enhancement and the bromohydrins were idcntilied 

from IR spectra of samples separated by chromatography on alumina (see separation above). 

Debrominolion 0~exo-6-bromo-exo-tricycfo[3.2.1.0’~~]octon-anti-8-ol (XVI). A mixture of bromohydrio 

XVI (78 mg). LAH (50 mg) and dry ether (50 ml) was refluxed for 43 hr. The reaction was monitored by 

VPC. Sat Na,SO,aq (25 ml) was added carefully and the ether layer separated and washed with water 

l This reduction was carried out according to the procedun recommended in Ref Ic. 
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(2 x 10 ml) and dried MgSO,). Evaporation of the ether yielded a solid (27 mg. 59:~) which was sublimed 

(once) under vacuum to give exo-tricyclo[3.2.1.0z~4]octan-anri-8-ol (XIV) m.p. 72.5-73.5. (lit” 75-76’). 

A mixed m.p. with an authentic sample of XIV. prepared according to the published procedure’*. was 

undepressed. The IR spectrum was identical to that of the authentic sample. 

Preparation ojexo-tricyclo[3.2.1.02.*]oct-6-en-anti-8-o/ (XIX). One drop of 32% HCIaq was added to a 

cold. stirred soln of bromohydrin XVI (2.14 g) in dihydropyran (2.54 g). The soln was allowed to come to 

room temp and then stirred for a further 16 hr. The mixture was diluted with ether (500 ml) and the ethereal 

soln was washed with sat NaHCO,aq (3 x 100 ml). water (2 x 100 ml) and dried (MgSO,). Evaporation 

of the solvent yielded the crude tetrah’ydropyranyl ether as an oil (3.27 g) which was purified by distillation 

(120-140” bath temp. @l mm). 

The tetrahydropyranyl ether (3.0 g) was dissolved in 4M KOMe-McOH (25 ml) and the soln heated to 

1 lo” (oil bath temp) for 16 hr. The reaction mixture was poured into water (200 ml) and the product 

extracted into ether (4 x 100 ml). The ethereal soln was washed with water (4 x 100 ml). dried (MgSO,) 

and evaporated to yield an oil (2.0 g). The crude product was dissolved in MeOH (20 ml) and the soln 

diluted with a soln of HCI in MeOH (25 ml; prepared from McOH. 200 ml. and 3s%, HCIaq. 16 ml). The 

mixture was rcfluxed for 1 hr. then neutralized with solid Na,CO, and diluted with H,O (500 ml). The aq 

mixture was extracted with ether (3 x 250 ml) and the ethereal soln was washed with water (4 x 200 ml). 

dried (MgSO,) and evaporated to yield an oil (1.5g). A preliminary purilication of the crude oil was 

effected by chromatography on activity II neutral alumma. Most of the impurities were removed by 

eluting the column with pentane. Subsequent elution with ether gave the crude alcohol (0.8Og) which 

was purilied by preparative VPC (col 5. 160’). Alcohol XIX was obtaind as a colourless liquid (Found: 

C. 78.78: H. 8.34; Calc for C(H,,O: C. 78.65: H. 8.25%). NMR: 3.68. unresolved m (ZH): 6.38 unresolved 

m (1H): 7.33. s W,, = 5 Hz (2H): 7.80. s. OH (1H): 8.07. m (1H); 8.96. m (3H): IR: 3567. 3115. 3074. 

3060.3022. 1100. 1040.695.64 cm- ‘. 

The ptoluenesulphonatc was prepared in the usual manner with TsCl in pyridine and was crystallized 

from pentanc. m.p. 81.5-82’ (Found: C. 65.29: H. 590; S. 11.53: Calc for C,,H,,O,S: C. 65.22: H. 5.80: 

s. 11.59%). 
LAH reduction ofcxo-rricyclo[3.2.1.0z.*]oct-6-en-anti-8-01 (XIX). A soln of XIX (75 mg) in ether (15 ml) 

was added dropwise to a stirred suspension of LAH (30 mg) in ether (20 ml). The mixture was stirred for a 

further 3 hr at room temp. Sat Na,SO,aq (10 ml) was added and the mlxturc extracted with ether 

(2 x 50 ml). The ethereal soln was washed with water (2 x 50 ml). dried (MgSO.) and evaporated to give an 

oil (72 mg: 96O4,) which was shown to consist of two components (XIX 109;. XIV 90”,;,) by VPC (co1 2 130’). 

The mixture was separated by preparative VPC (co1 5. 160”). As collected the product had m.p. 74.75” 

(lit” 75-76) and was shown to be identical (IR. VPC retention time and m.m.p.1 to an authentic sample of 

exo-tricyclo[3.2.1.0z~4]octan-anri-8-ol (XIV) prepared according to the method of Pincock and Wells.‘4 

Debromination 01 endo-5-bromomethyltricyclo[2.2.l.0’~6]heptontxo-3-ol IXVII). A mixture of bromo- 

hydrin XVII (2 g). LAH (05 g) and dry ether (200 ml) was rclluxed for 108 hr. The reaction was monitored 

by VPC. Isolation as above gave endo-5-methyltricyclo[2.2.1.02~6]heptan-exo-3-ol (XV) (148 g. 88”/,) as a 

colourlcss liquid which was shown to be greater than 98”~ one peak by analytical VPC (col 2 120’). An 

analytical sample was prepared by microdistillation under vacuum. (Found: C. 77.20: H. 9.89: Calc 

for CaH,IO: C. 7740: H. 9.739;). NMR: 5.95. br s Wlb = 5 Hz (1H): 6.23. s. OH (I H): 80 to 9.3. br m 

(10H): IR: 3615. 3050. 1050cm-‘. 

Oxidation of cndo-5-me~hyl~ricyc/o[2.2.1.0*~6]heptan-exo-3-ol (XV). The procedun used was similar to 

that described by Mcinwald et ala’ for the oxidation of nortricyclanol. Under these conditions the mcthyl- 

nortricylanol XV (195 g) gave endo-5-mcthyltricyclo[2.2.1.0z*6]heptan-3-one (XX) (076 g. 720/,) as a 

colourless liquid which was shown to be greater than 99% one peak by VpC (co1 2 120”): IR: 3061. 3012. 

176Ocn~ ‘. Satisfactory elemental analyses could not be obtained presumably because the ketone is 

hygroscopic. This behaviour is reminiscent of that of nortrlcyclanonc.” 

The 24dinitrophcnylhydrazonc was prepared according to standard procedure and was crystallized 

(three times) from McOH to give orange needles m.p. 192-194’. (Found: C. 55.53: H. 4.68: N. 18.89: 

Calc for C,,H,,O,N,: C. 55.62: H. 4.67: N. 18.54’,!,). 

Reducrion 0/endo-5-merhyltricyc/o[2.2.1.0’~~]hepron-3-one (XX) with LAH. Ketone XX (150 mg) in dry 

ether (10 ml) was added dropwise to LAH (100 mg) in ether (10 ml) and the mixture stirred for 4 hr at IS-‘. 

The reaction mixture was decomposed with satd Na,SO,aq (I5 ml) and the ether layer was separated and 

washed with water (3 x 10 ml) and dried (MgSO,). Evaporation of the ether gave a solid (120mg 83”/,) 

which was greater than 98:/, one peak on VPC (co1 3. 120 ‘). The solid was sublimed (onoe. 40’. @l mm) to 
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give XXI. m.p. W5 (Found: C. 77.23: H. 983: Calc for C,H,,O: C. 7740: H. 973%). NMR: 615. d 

J = 1.5 Hz (IH): 649. s. OH (1H): 8.1 to 8.5. m (ZH): 8.7 to 9.1. m (8H): IR: 3630. 3062. 1075 cm- ‘. 

Oxidation of alcohol XXI (30 mg) according to the method of Meinwald et 01” gave the corresponding 

ketone(25 mg, 83%) which was greater than 98:<, one peak on VPC and displayed and IR spectrum identical 

to that of XX. 

Oxidation of endo-5-bromomethy/rricyclo[2.2.l.0’~6]heptantxo-3-ol (XVIIj The procedure used was 

similar to that described .by Meinwald et of ” for the oxidation of nortricyclanol. Bromohydrin XVII 

(1.5g) gave the corresponding ketone XXII (1.2g. 83%) as a colourless liquid which was shown to be 

greater than 98% one peak by VPC (col 1. 120:‘). An analytical sample was prepared by microdistillation 

under vacuum. (Found: C. 48+7: H. 4.62; Br. 39.5: Calc for C,H,OBr: C. 47.79: H. 4.51: Br. 39.70,:): 

NMR: 668. m (2H); 7.3 to 8.3. br m (5H); 8.4 to 8.8. m (2H): IR: 3067. 3012 1762 633. 612cm- ‘. 

The 2.4-dinitrophenylhydrazone. prepared in the usual manner. was crystallized (three times) from 

MeOH to give orange flakes m.p. 2ls214.5’ (Found: C. 4390: H. 3.45: Br. 2@8: N. 14.85: Calc for 

C,,H,,O,BrN,: CWII: H. 344: Br. 21.0; N. 14.700/,). 

Treatment 0jendo-5-bromome~kylrricyclo[2.2.l.O’~~]heptan-3-o~ (XXII) with LAH. Ketone XXII (I g) 

in dry ether (20 ml) was added dropwise to a suspension of LAH (250 mg) in ether (20 ml) and the mixture 

stirred for 4 hour at 15”. The reaction mixture was decomposed with satd Na,SO,aq (30ml) and the 

ether layer was separated and washed with water (3 x ISml) and dried (MgSO,). Evaporation of the 

ether gave a colourless oil (610 mg) which was shown by VPC (co1 2. I20 ) to consist of two components 

(XXIII 44q;. XXI 56x). The mixture was separated by preparative VPC (co1 5. 140’). 

8-0xatetracyclo[4.3.0.02~40’~‘]nonane (XXIII) was collected as a colourkss oil which was purified by 

microdistillation under vacuum (Found: C. 78.65: H. 8.58: Calc for C,H,oO: C. 78.65: H. 8.25%): NMR: 

5.90. br tr J = 1.5 Hz(lH)6.3l.d “_I** = I.5 Hz(2H):7.70 br s(lH): 8.11. brs(lH):8.34. brs(ZH):8.84. 

br s (3H): IR: 3060. 1043. 1023.923 cm-‘. 

endo-5-Methyltricyclo[2.2.1.0z~6]heptan-end~3-ol (XXI) was collected as a solid which after sublimation 

(once. 40”. @I mm) had m.p. 44-45.’ and was identical (IR. PMR. R3 to a sample of!his alcohol described 

previously. 

Under identical conditions of reduction (LAH in ether for f hr at IS”) the tetracyclic ether XXIII gave a 

mixture of reactant (9504) and alcohol XXI (5%) both of which were identified by WC peak enhancement 

only. 

Reaction o/ endo-5-bromomelhyltricycIo[2.2.l.02.6]hepton-exo-3-o1 XVII with KOH-ErOH. Bromo- 

hydrin XVII (430 mg) was relluxed in 5% KOH in EtOH (30 ml) for 24 hr. The reaction was monitor4 by 

analytical VPC. The brown soln was diluted with water (150ml) and then extracted with ether (3 x 50ml). 

The ethereal soln was washed with sat NH,CIaq (2 x 25mlj H,O (2 x 25ml) and dried (MgSO,). 

Evaporation of the ether yielded a red oil (230 mg) which was shown by VPC (col 2 120 ) to consist of 

three components. (XX 4:,;. XXIV 38:10. XXV 58%). The components were separated by preparative VPC 

(co1 5. 140’). 

Ketone XX was collected as a liquid. identilied by comparison of the IR spectrum with that of XX 

described previously. Oletin XXIV was collected as a liquid and an analytical sampk prepared by micro- 

distillation under vacuum (Found: C. 78.98: H. 8.23: Calc for CsH,,O: C. 78.65: H. 8.25:~): NMR: 

5.43 and 549. s (ZH): 6.22 tr J = 2 Hz (IH): 6.47. s. OH (IH): 7.97. m (IH): 8.1 to 8.8 br m (5H); IR: 3616. 

3073. 1673. 860 cm- ‘. Hydroxyether XXV was collected as a liquid. An analytical sample was prepared 

by microdistillation under vacuum (Found: C. 71.34: H. 9.54: Calc for C,,,H,,O,: C. 71.39: H. 9.59x3): 

NMR:6OI. trJ = 2 Hz(IH):6.6l.q J = 7 Hzand6.72d J = 7 Hz(4H): 7QO.s.OH (IHI:7.91o8.3.m 

(3H): 8.5 to 9.0m with a superimposed tr at 8.85. J = 7 Hz (7H): IR: 3624. 3072. 1097. 1066. 841 cm-‘. 

Reaction of endo-5-hromomethyltricyclo[2.2.1.02~6]hep~an-exo-3-ol (XVII) wirh NaH in THF. Bromo- 

hydrin XVII (I.1 g) was relluxed in THF (40 ml) with NaH (350 mg) for 50 hr. The reaction was monitored 

by VPC. The brown reaction mixturn was diluted carefully with water (200ml) and the aq mixture 

extracted with ether (4 x 100 ml). The ethereal soln was washed with Hz0 (4 x SO ml) and dried (MgSO,). 

Evaporation of the ether gave a yellow liquid which was shown by VPC (co1 2 and col 3. both 120’) to 

consist of three major components: XX 2”/,. XXI 34%. XV 64%. The ketone XX was identified by VPC 

peak enhancement only. Alcohols XV and XXI were identilied by peak enhancement and by comparison 

of the IR spectra of collected samples with those of samples of the alcohols desai&d previously. 

Reaction ojendo-3-methyltricyclo[2.2.1.d.6]hep~on-3-one XX with NaH in THF. The conditions used 

were identical to those described above. The ketone XX yielded a mixture of three components: XX (2%). 

XV (23%j XXI (75%). Each component was identified by VPC peak enhancement only. 
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Debrominofion ofbromohydrin XVIII. A soln of XVIII (3Og. contaminated with minor proportions of 

XVI and XVII) in etbcr (5 ml) was added dropwisc to a mixture of Li shot (@5 gl and anhyd NH, (70 ml) 

maintained at -33”. The mixture was stirred for 45 min and then EtOH was added dropwisc until the 

blue colour disappeared. The NH, was allowed to evaporate and the r&due was diluted with H,O (50 ml) 

and then extracted with cthcr (3 x 100 ml). The ethereal soht was washed with HxO (3 x 5Oml) and 

dried (MgSO,). Evaporation of the ether gave an oil (1.4.8 76%) which was scparatcd into three com- 

ponents by preparative VPC (co] 6. 140”). Two of thcsc components (arising from the contaminating 

bromohydrins XVI and XVII) were shown to bc identical (IR. PMR and R,) to alcohols XIV and XV. The 

third component was shown to bc identical (NMR. IR. R, and m.m.p.) to endo-tricyclo[3.2.1.0’~‘]octan-6-ol 

(XXVIII) prepared according to the published proccdurc.“~z6 

exo- and cndo-7-Hydroxymethylbicyclo[4.I.O]hept-3-ene (XXXVI and XXXV). Addition of ethyl diaxo- 

acetate to cyclohcxa-1.4-diene aceordiog to the published procedure” gave a mixture of endo-‘l-carbo- 

cthoxybicyclo[4.1.0]hcpt-3-cnc XXXHI (2%). exo-7-carbocthoxybicyclo[4.1.0]hcpt-3-cnc XXXIV (59%). 

diethyl fumarate (23%) and diethyl malcate (16%). The composition of the product was determined by 

NMR spectroscopy and VPC. 

A soln of this mixture (8.2 g) in anhyd ether (50 ml) was added dropwise to a stirred suspension of LAH 

(5.7g) in ether (15Oml) at 0”. Addition was complete in 30min and stirring was continual for another 

1.5 hr at room temp. Work-up in the usual manner gave a liquid (3.3 g) which on vpc analysis (co] 14. 

145”) showed three componencnts: Component 1 (2%). Component 2 (88%) and Component 3 (10%) in 

order of increasing R,. The NMR spectrum of the mixture indicated that none of these components 

corresponded to products arising from LAH reduction of fumaric and malcic esters and presumably the 

latter were cxtractcd into the aqueous phase during work-up. The components of the mixture were 

separated by preparative VPC (co] 6. 160”). 

Component I formed a liquid the NMR spectrum of which showed no absorption in the vinyl region. 

This component was not invcstigatcd further. Component 2 was distilled under vat to give exo-7- 

hydroxymethylbicyclo[4.l.O]hept-3-ene (XXXVI) as a clear liquid. (Found: C. 76.97; H. 9.84; Calc for 

CaH i x0: C. 77.37: H. 973%) NMR : r 475. br s (1.98. vinyl); 6a8. s (1.03. hydroxyl); 6.58. d. J = 6.5 Hz 

(203. carbinol mcthylenc): 7.68. br s (3.92 allylic): 8.8 to 9.2. m (304. cyclopropanc): IR: 3617. 3026. 

3005. 1010. 655 cm ‘. Component 3 was collected as a solid which aftcr vat sublimation (80”. 4 mm) 

gave endo-7-hydroxymethylbicyclo[4.l.O]hept-3-ene (XXXV) as white crystals. m.p. 6667”. (Found: 

C. 77.67; H. l@Ol; Calc for C,H,,O: C. 77.37; H. 9.73%). PMR: r 4.45. br s (199. vinyl); 6.51. m (293. 

carbinol mcthylene): 7.79. br s (3.98. allylic); 8.04. s (1.15. hydroxyl); 8.94. m (2.84. cyclopropane): IR: 

3638.3018. 1024 and 668 cm-‘. 

Treatment oj bromohydrin (XVIII) with KOH/EtOH. A mixture of bromohydrins (XVII) and (XVIII) 

(5 g containing 3vl, (XVIII) in 5”/, KOH/EtOH (200 ml) was relluxed for 30 hr. The mixture was cooled. 

poured into water (600 ml) and the product extracted with ether (4 x 120 ml). The ethereal soln was washed 

with water (2 x 200 ml). dried and evaporated to leave a brown oil (3.0 g) which on analytical VPC (co1 2. 

135”) showed five components: Component 1 (3%). Component 2 (4%) Component 3 (31%). Component 4 

(17%) and Component 5 (45%). The crude oil was separated into its components by preparative VPC 

(co] 6. 165”). 

Components 1.3 and 5 wcrc shown to be identical (IR. NMR) to ketone (XX) and alcohols (XXIV) and 

(XXV) respectively by comparison with samples of these compounds arismg from identical base treatment 

of pure bromohydrin (XVII). NMR spectroscopy indicated that Component 2 was an unsaturated aldehydc 

but this component was collected in such poor yield that further investigation was precluded. Component 4 

was idcntiflcd as ex~7-hydroxymcthylbicyclo[4.1.0]hcpt-3cnc (XXXVI) by comparison of its IR and 

NMR spectra with those of a sample of this alcohol described above. 
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