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216. The Reaction of Bicyclo [3.2.1] octenyl Halides 
with Metal Hydrides 

by C .  W. Jefford, A. Sweeney and F. Delay 
DCpartement de Chimie Organique, Universit6 de Genkve, 1211 Genhve 4 

(2. V. 72) 

Sztnznlnavy. - Reduction of 2-phenyl- and 2-methyl-exo-3,4-dichlorobicyclo[3.2.l]oct-2-cnes 
with lithium alurninium hydride (LAH) or tributyltin hydride (TBTH) gave endo-Z-phenyl-3- 
chlorobicyclo[3.2. L]oct-3-ene, 2-phen~~l-3-chlorobicpclo[3.2.l]oct-2-ene and their methyl analogues. 
The action of both reagents on 2-phcnyl-exo-3,4-dibromobicyclo[3.2.l]oct-Z-ene similarly resulted 
in reductive rnonodebromination to  give normal and allylically rearranged products. Additionally, 
further reduction occurred to  give endo-2-phenylbicyclo[3.2.l]oct-3-ene and 2-phenylbicyclo[3,2.1]- 
oct-2-ene. In  all cases, LAH gave mainly the allylic rcarrangemcnt product whereas TBTH gave 
mostly unrearranged product. The reason for these differences could have been due either to the 
intervention of allylic radicals in the TBTH reduction or to differences in nucleophilicity. The 
results also show that LAH is equally efficaceous as TBTH in the reduction of these allylic halidcs 
and equally selective in the reduction of the vinyl bromides. The stereochemistry of the allylic 
rearrangement was shown t o  be synfacial in that  hydride replaced halidc on the same face of the 
molecule. 

Introduction. - Bimolecular nucleophilic displacements on allylic halides have 
attracted continuing attention especially so in view of the problem of interpretation 
posed by the multiplicity of processes which may take place [l]. One of these pro- 
cesses which has been particularly difficult to unambiguously demonstrate is the 
SNZ' mechanism [Z]. Examples are sparse and in each case there are points of con- 
tention or simply ambiguities [3]. In order to simplify the task of elucidating the 
stereochemistry of this mechanism we chose to study the reductive dehalogenation 
of bicyclo[3 2.11 octenyl halides with met a1 hydrides. 
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Our first attempt concerned the reaction of an equilibrium mixture of exo-l- 
methyl-3,4-dibromobicyclo[3.2.l]oct-Z-ene (1) and exo-l-methyl-2,3-dibromobicyclo- 
[3.2.l]oct-3-ene (2) with lithium aluminium deuteride [4]. An 80: 20 mixture of 1 and 2 
on 15 hours treatment with an excess of reagent in boiling ether gave the exo deuteri- 
ated products 3 and 4 in a 84: 16 ratio. These findings were interpreted in terms of an 
exclusive S N ~ '  process; namely that reactant 1 had given 3 and that 2 had formed 4. 

1 2 

I I 
D 

3 4 

However, a second possibility cannot be ruled out, namely that the simultaneous 
operation of SN~' and S N ~  processes at  an incidence of about 80: 20 on both reactants 
would also be compatible with these findings. In  order to  dispose of this particular 
ambiguity and to further see how substituents would affect the stereochemical out- 
come of the reduction we undertook the present study by selecting 2-phenyl- and 
~-methyl-exo-3,4-dihalobicyclo[3.2.l]oct-2-enes (5, 6 and 7) as substrates. The advan- 
tages are that compounds 5, 6 and 7 exist as single isomers, that they possess a cyclo- 
hexenyl moiety disposed in a half-chair conformation, and they enjoy the useful 
features of conformational rigidity and dissymmetry which facilitate structure deter- 
mination by NMR. spectroscopy [5]. If a minor Sp$ course were present it should 
lie easily detected and moreover, the substituent at  C(2) would be expected to exer- 
cise electronic control over the ratio of the SN~' and S N ~  courses. 

x 

5 ~ = p l  , X = B ~  

6 R , @ ,  X = C I  

7 R = CH3, X S  CI 

The substrates in question were prepared by the addition of dibromo and dichloro- 
carbene to 2-phenyl- and 2-methylnorbornene. The addition to  2-phenylnorbornene 
was quite straightforward [6] ; however the reaction of dichlorocarbene with 2-methyl- 
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norbornene (8) gave results which necessitate a revision of our ideas concerning the 
rearrangement process of the intermediate cyclopropane adduct 171. We discuss next 
appropriate experiments concerning this point. 

Results and Discussion. - A .  Synthesis of Substrates 5, 6 and 7. - The addition 
of dibromo and dichlorocarbene to 2-phenylnorbornene affords the exo-2-phenyl-3,4- 
dihalobicyclo[3.~!.l]octenes-2 (5 and 6) [6]. The addition of dichlorocarbene, generated 
by the interaction of chloroform with 50% aqueous sodium hydroxide [8], to 2-methyl- 
norborn-2-ene (8) gave the desired compound, exo-3,4-dichloro-2-methylbicyclo[3.2.1]- 
oct-2-ene (7) and its elimination product 2-methylene-3-clilorobicyclo[3.2.1]oct-3-ene 

CI 
(9). 

8 7 9 

Compound 7 turned out to be quite stable. In 1,2,3-trimethylbenzene as solvent 
a t  140" conversion of 7 to 9 was only partial. However, treatment of 7 with pyridine 
a t  110" resulted in complete conversion after two hours. This result is surprising when 
compared to the behaviour of dibromocarbeiie and monochlorocarbene towards 8. 
Here, elimination is exceptionally easy and is the sole process observed, the products 
of simple rearrangement not being isolable [4] [9]. To account for this result we pre- 
viously suggested that the electrocyclic rearrangement of the first-formed cyclo- 
propane adducts 10 and 11 proceeded directly to the corresponding ion pairs 12 and 13, 
which promtly underwent proton loss to give the dienes 14 and 15. In other words, 
rearrangement was by-passed by elimination. The present result now indicates that 
this interpretation needs to  be revised. Rearrangement must occur prior to elimination. 

10 12 14 X I  Br 

15 X = H  

11 13 
The unusual. stability of 7 not only permitted its separation from 9, but was also 

reflected by a similar stability of the corresponding alcohol 16. Treatment of 7 with 
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aqueous silver ion a t  reflux gave exo-3-chloro-4-hydroxy-2-methylbicyclo[3.2. lloct- 
2-ene 16 and the diene 9 in ratio of 2:5. Clearly the intermediate allylic cation 17 has 
either shown an exclusive preference to  be attacked by water at C(4) or that attack 
occurs at  C(2) as well, but that the resulting tertiary alcohol 18 has effectively under- 
gone 1,2 elimination to 9. This latter possibility is likely since aqueous hydrolysis 
of 7 gave 16 and 18 in a ratio of 3 : 1. 

The expected products of the simple rearrangement of the dichlorocyclopropane 
adduct 19 are the pair of allylic isomers 7 and 21. Conceivable they could arise by a 
simple concerted isopolar rearrangement or via an intimate allylic ion pair such 
as 20 [lo]. Whatever the precise nature of the rearrangement process, either isomer 7 
is formed preferentially or is more stable than isomer 21, or alternatively, 21 undergoes 
elimination to the diene 9 more readily than does 7. 

16 17 

19 21 

18 

20 

22 

In an attempt to further investigate the course of elimination, the reverse process 
was studied viz., the addition of hydrogen chloride to  the olefin 9. The results are 
complex. The addition of excess hydrogen chloride in chloroform at 45" furnished 
7 and what appeared to be its endo isomer 22 in the ratio 4 : l .  When the reaction 
was carried out in carbon tetrachloride at - 10" a mixture of 7, 22 and 2,3-dichloro- 
2-methylbicyclo[3.2.l]oct-3-ene (21) was obtained in the ratio 3 : 1 : 1. On letting the 
mixture stand at  room temperature for 3 hours, the component 21 had disappeared 
leaving a mixture of 7 and 22, the ratio of which was identical to that obtained in the 
first addition. Both mixtures proved impossible to separate, as all three products 
readily lost hydrogen chloride in the attempt. Nevertheless, evidence for the existence 
of 21 and 22 was forthcoming from a consideration of the NMR. spectra of the mix- 
tures. 
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These findings can be convcniently rationalized by invoking the intermediacy of 
tlie allylic cation 17 formed by protonation of 9. Cation 17 undergoes attack by chlo- 
ride to give the ex0 chlorides 7 and 21 in the same ratios as the alcohols 16 and 18 
obtained by hydrolysis of 7. The easy passage of the tertiary chloride 21 to the second- 
ary derivative 7 on heating merely reflects tlie traditional stability difference [I]. 

The formation of the eizdo chloro compound 22 is unprecedented in view of the 
known predisposition of the cation 17 and its radical equivalent to exo attack [ll]. 
Nevertheless, siniple cyclohexenyl chlorides, which are conforinationally more flex- 
ible, have been reported to display departures from strict synfaciality on reaction 
with external nucleophile [12]. 

B. Reductive Delzalogenation of Substrates 5, 6, aizd 7. - Treatment of 7 with an 
excess of lithium aluminium hydride (LAH) in boiling ether resulted in reductive 
dechlorination. Two isomers were formed in 73% yield in tlie ratio of 80:20 which 
on separation were identified as ei~do-2-methyl-3-clilorobicyclo[3.2.l]oct-3-ene (23) 
and 2-methyl-3-chlorobicyclo[3.2.l]oct-2-ene (24). 

7 - 23 R =  C H ~  24 R =  C H ~  

6 - 25 R = E ~  26 R = @  
LAH 

At first sight, these results uncannily resemble thosc found with the mixture of 
l-iiietliylbicyc.lo[3.2.ljoctenyl bromides (1 and 2). Equally astoiiisliing was the result 
obtained with tlic phenyl analogue 6. Excess LAH gave e~zdo-2-phenyl-3-chlorobicyclo- 
13.2.1 ] oct-3-cne 1125) and 2-phenyl-3-chlorobicyclo[3 2.11 oct-2-ene (26) in the ratio 
45:55 also in high yield (73%). For the bromo compound 5 reduction turned out to 
be rnorc extensive. Treatment of 5 with excess LXH gave the two expected niono- 
1)romo isomers 2:7 and 28, but also the corresponding completely debrominated com- 

27 28 

P 
29 30 
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pounds 29 and 30 in a percentage ratio of 87.7, 8.7, 3.0, 0.6. The second reductive 
debromination took place without allylic rearrangement ; separate treatment of 27 
and 28 with LAH gave simply the hydrocarbons 29 and 30, respectively. Thus the 
overall reaction in all cases is a reduction in which allylic halogen has been replaced 
by hydride ion. Without specifying the nature of the substitution the exchange of 
one group by the other has occurred on the same face of the molecule. Significantly, 
both allylic rearranged and unrearranged products are observed. 

In  view of the nucleophilic character of LAH it can be supposed that the rearranged 
and unrearranged monodehalogenated products arise by hydride ion attack on the 
contact ion pair, rather than the covalent species (8. z k f ~ a ) .  

Both the rearranged and unrearranged reduction products turned out to be stable 
under the reaction conditions. Stability was tested by separating endo-2-methyl-3- 
chlorobicyclo[3.2.1]oct-3-ene (23) and its allylic isomer 24. Both were stable at  135" 
with no interconversion. Similar stability was displayed towards excess sodium 
methoxide at  40" for 18 hours. The two phenyl isomers 27 and 28 were similarly 
stable at 168" for 24 hours. 

In order to see if the reagent has any effect on the ratio of isomers, it was decided 
to  repeat the reductions with tributyltin hydride (TBTH) . Organotin hydrides enjoy 
a considerable vogue as reagents for reductive replacement of halogen in organic 
halides [13]. The mechanism is commonly reputed to involve the radical inter- 
mediate of the substrate hydrocarbon [14]. In  the present case allylic radicals should 
form which would eventually capture hydrogen to give the isomeric parent hydro- 
carbons in ratios which might be expected to give some indication of the species 
involved in the LAH reduction. Thus the behaviour of the allylic radicals could be 
taken as a model for the corresponding free allylic cations. 

With excess TBTH, exo-3,4-dichloro-2-methylbicyclo~3.2.l]oct-2-ene (7) gave the 
rearranged 23 and unrearranged 24 reduced products in the ratio 20 : 80. Under 
the same conditions, exo-3,4-dichloro-2-phenylbicyclo[3.2.l]oct-2-ene (6) gave the 
rearranged endo-phenyl product 25 and the unrearranged product 26 in the ratio 
10:90. The action of TBTH on the dibromo compound 5 resulted in more profound 
reductive dehalogenation ; the rearranged and unrearranged nionobromo products 
27 and 28 and their corresponding further reduced derivatives 29 and 30 were found 
in a ratio of 9.9, 89.0, 0.15 and 0.95%. Curiously enough, these ratios are the inverse 
of those found for the LAH reductions. 

As a further check on the possible mechanism, i t  was decided to carry out the 
reduction in an ionizing medium. As an example 7 was submitted to the action of 

23 X=H, 28% 24 X=H, 14% 9 10% 
7 

18 X=OH,16% 16 X=OH,32% 

Schcme. Reactzoii o/ 7 wzth sodaum Bovolzydrailc 111 800,; aqueous dtglyme 
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sodium borohydridc in 80% aqueous diglyme. The results are summarized in the 
scheme. 

The formation of the isomeric exo alcohols 16 and 18 and the diene 9 in addition 
to the expected reduction products 23 and 24 clearly demonstrate the intermediacy 
of the allylic cation 17 or a t  least its ion-pair 13. 

Mechanistic Conclusions. - I t  is immediately seen that the macroscopic chemical 
behaviour of LL4H and TBTH is the same, in that they both effect reductive dehalo- 
genation of the l~icyclo[3.2.l]octenyl halides. Moreover, as far as the allylically re- 
arranged product is concerned, the stereochemical result is the same, namely that 
hydride ion has replaced halide ion in a synfacial manner') 1151. A difference between 
the two reagents which may be significant is that the extent of allylic rearrangement 
is appreciably hi,gher with LAH than with TBTH. 

Although the reduction of primary allylic halides with LAH nearly always pro- 
ceeds without double bond migration or geometric change [16], it was forecast [MI, 
after the first reported cases [17], that  secondary allylic halides will be reduced with 
allylic rearrangement. Hatch proposed that thc allylic course is determined by LAH 
initially complexing with the allylic halide and then delivering hydride to the terminal 
vinyl carbon in a cyclic process [lS]. No satisfactory explanation has been put 
forward to account for the abrupt change in reaction course between primary and 
secondary halides. The difference has been attributed to the greater steric impediment 
supposedly encountered by the aluminohydride ion a t  a secondary than a primary 
allylic carbon atom [MI. If the present LAH reaction is simply considered as an 
attack by free liydride or alurninohydride ion on an allylic halide, then the process 
fits the general case of an SN~' mechanism which is generally thought to prefer a 
synfacial course [19]. However, it  could also be argued that the eizdo side of the bi- 
cyclo[3.2.l]octene skeleton, on account of the ethane bridge, is sterically more hind- 
ered than the exo side, and thus the synfaciality of the displacement is purely coinci- 
dental since the lcaving group has the exo configuration. 

I t  now appeax that the stereochemistry of the SN~' reaction may be synfacial or 
apofacial depending on the substrate and the nucleophile [15]. Although the few 
examples mostly demonstrate synfaciality 131 [lo] [ZO], there are now well-documented 
exceptions [Zl] .  A'guyyen Trong Anh has postulated that the timing of the entry and 
departure of nucleophile and leaving group, respectively, should determine the stereo- 
chemical course of the substitution; for a synchronous exchange of groups an anti- 
or apofacial arrangement will be favoured and for the departure of leaving group 
prior to entry of nucleophile a syn or synfacial arrangement will be favoured [22]. 
We have similarly suggested that,  in principle, two transition states are feasible, 
a linear (apofacial) one and a quasicyclic (synfacial) one and that the actual course 

Two related apofacial reactions arc the 1 ,2  group transfer cxperienccd in a carbocation on 
attack by nuclcophile; termed a geitonodesmic process (S. j .  Cristol, F .  P. Pavuqzgo, D .  E. 
P'lovde CY: I< .  Schwarzeizbach, J .  Amer. cheni. SOC. 87, 2879 (1965)) and the bond switching 
exemplified by the  Barton-Head rcarrangemcnt (U. H .  I?.  Bavtoiz Sr A .  J .  Head,  J. chem. Soc. 
1956, 032) which has bcen reccntly termcd a clyotropic shift ( A T .  7'. Reetz,  Angcw. Chcm. 84, 
161 (1972)). We propose thc word cliplotropic ((;r. cSddoi, twofold, cloublc) as bcing more 
appropriatc. 
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followed in a particular S N ~ ’  reaction will be determined by the nature of the ex- 
changing groups and conformational and configurational factors 11.51. 

For the case of a cyclohexenyl derivative disposed in a halfchair conformation, 
the bonds undergoing rupture and formation are both quasiaxial and accordingly 
they afford the best chances of orbital interaction between the entering and leaving 
groups (Fig. l a ) .  It is also true that electrostatic bonding or complexation of metal 
liydride to the quasiaxial leaving group is particularly convenient for internal hydride 
transfer in the syn-quasiaxial arrangement (Fig. 1 b). 

2221 

a) b) 
Fig. 1. Synfucial displacement of a leaving group X a )  by nucleophile Y in a cyclohexenyl deviuatiue 

in a half chair confornzation, and b)  by complexed metal hydride ( M H )  

The bicycl0[3.2.l]octenyl derivatives have been shown, despite some flattening 
by the ethane bridge, to possess cyclohexenyl moieties disposed as half-chairs [23]. 
Accordingly, we feel that  the present observation of a synfacial displacement of 
halide by LAH in compounds 5, 6 and 7 is due to  the operation of electronic factors 
and is not merely the consequence of steric impediment. The concomitant formation 
of non-allylically rearranged product suggests that  it is an allylic contact ion-pair 
which is undergoing nucleophilic attack rather than the covalent species [24]. Support 
for this idea comes from the borohydride reduction. In the semi-aqueous medium both 
hydride ion and water are competing for the same substrate. In the event, the weaker 
nucleophile, water will engender an S N ~  process and the corresponding transition 
state will resemble the more stable product, whence more attack at  the secondary 
C(4) atom than C(2) is seen. On the other hand the more nucleophilic hydride ion 
prefers the tertiary C(2) atom. 

The similarity of the macroscopic chemical behaviour of TBTH and LAH is 
particularly striking not only in the reduction of the allylic halogen, but also in their 
identical selective reduction of vinylic bromine in 27 and 28. Traditionally these two 
reagents are thought to have quite different chemical natures ; LAH being considered 
as a typical nucleophile, whereas TBTH has come to be regarded as a specific reducing 
agent for alkyl halides proceeding by a liomolytic pathway. From the parallelism 
of the reductive behaviour of the two reagents it cannot be automatically concluded 
that a common mechanism is operating. In fact the results themselves give no direct 
clue to the intimate nature of the reduction process. On the other h m d ,  the findings 
constitute a timely warning against the all too common assumption that uncatalysed 
reductions of aikyl halides by organotin hydride always occur by a free radical pro- 
cess [25]. Thus one is not sure whether the differences in the ratios of rearranged to 
unrearranged products reflect the intermediacy of a radical in the TBTH reduction 
or simply a difference in nucleophilicity between TBTH and LAH. Investigations 
are under way to decide between these alternatives. 
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One final point concerns the selective reduction of the vinyl bromides 27 and 28 
by the two reagents. Although cis- and trans-K-bromostilbene have been reduced with 
an organotin hyclride [as], the present example indicates that  LAH will be equally 
effective for the selective reduction of vinyl bromides. A similar conclusion has been 
reached by Brozon, who showed that the liydrogenolysis of aryl hornides could be 
far morc conveniently achieved with LAH than with triphenyltin hydride [27]. 
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Experimental Part 
1 K. spcctra were recorded, as films on NaCl plates, unless otherwise noted, on a Pevkiiz-Elmer 

2.57 spxtroincter. :NMR. spectra were determined a t  60 MHz on a model R-12 Pevkiiz-Elnzer 
instrunierit using carbon tetrachloride as solvent. Cheinical shifts are expressed as ppni with 
reforcnce to teti-amcthylsilane taken as zero. TJV. spcctra were recorded on a niodel 402 Perkiiz- 

i e ~  speetropliotc,iiietcr. Gas liquid chromatography (GLC.) was carried out on model F 11 
(analytical) or F21 (preparative) Perkin-Elmer instruments. All  boiling and melting points are 
uncorrccted. Microanalyses were performed by Dr. K .  Edw,  Ecolc dc Chiniie, Gcni.Ye. 

A. Addition of Dichlorocarbene to 2-Methylnorborn-2-ene (8) 171. ~~ A mixture of 8 
(10.8 g ;  0.1 molc), cliloroforin (12 g ;  0.1 inole), 507: aqueous sodium hydroxide solution (20 ml) and 
trjcthylbciizylainiiionium chloride (0.4 g) was heated and stirred a t  40" for 24 h [S]. The mixture 
\vas diluted with water and then extracted with ether. The ether layer was separated and washed 
with water three times, once with a dilute sodium hydrogen carbonate solution, again with water, 
and finall>- with a saturated sodium chloride solution. The ether solution was dried over sodium 
sulfate antl snbsequcntly evaporated. The residual oil was fractionally distilled i i z  vacuo to afford 
3-rI i loro-~-~ize t l i~~le~zebicyc lo~3.2 . I ]oc t -3-cne  (9) (1.55 g;  loyo) ,  and cxo-3, .d-dichloro-2-meth~l~~- 
(yr lo[3 .2 . /1oc t -2-ene  (8) (9.7 g ;  51%). 

3-Chloro-2-nzeth~ylene~icyrln[~.2.l]oct-3-eize (9). - B. p. 41-42"/0.15 Torr. UV. spectrum: A,,,,, 
(in cyclohexane) 242 nrn ( F  = 21300). IR.  spectrum: ninx. at 3095, 304.5, 1639, 1587, 890, SS5 and 
667 ciii-l charactcristic of the 6, P-dicnc and the C-CI bond. 

CytlllC1 (154.04) Calc. C 69.92 I1 7.17 C122.937(, Found C69.80 1-1 7.13 C1 23.22% 

cx0-3,4-DichIo~o-~-1~ietlz~~/bicyclo[3.2.7]oc.t-2-eize (7).  - E.p. 66 -67"/0.1 Torr. IR.  spectrum: max. 
a t  1647 antl 658 c n r l  charactcristic of the tetrasubstituted double bond ancl the chloro function. 
CgHi2C12 (191.10) Calc. C 56.55 1-i 6.33 C137.120/, Found C 57.61 H 6.69 (334.01% 

A small amount of adduct formed froin traces of 2-metliylcnenorbornene present as impurity 
\\as also isolatedz). It proved impossiblc to  secure a better elcmcntal analysis of 7 ,  owing to  its 
tendency to lose a inoleculc of hydrogen chloride on heating. 

Trrnlnzcnl 01- e,:o-3,4-dichZoro-2-~nethylb!c~clo[ L3.2.1]oct-2-ene (7) with aqueous silver ni t ru fe .  - 
To a solution o f  7 (2.0 g ;  10.6 mmolcs) on 50% aqueous acetone (5 ml), a solution of silver nitrate 
(2.0 g) in water ( 3  nil) was added. The mixture was heated under reflux for 2 11. Silver chloride was 
scparatecl by filtration and the filtrate was worked up in the usual fashion. The solvent was re- 
inoved ancl the remaining oil was distilled in vucuo. TLVO fractions were obtained. The first (4142"/ 
0.15 Torr; 0.79 g ;  51yo) was identified as 3-chZoro-2-r~eth?;Zev2ehirycZo[3.2.7]oct-3-ene (9) ; thc high 
boiling fraction (72-73"/0.15 Torr; 0.59 g; 34%) proved to  be 3-chloro-exo-4-hydroxy-2-~~zethyZ~i- 
c?;cZo~3.2.7]oct-Z-eize (16). - This fraction crystallised on standing, and was further purified by 
sublimation: m.p.  66-67". 

2) 

- 

The origin of this olefin is the base catalysed isomerisation o f  8. The same adduct was ob- 
tained as the main product in the addition of dichlorocarbcne to 2-methylenenorbornaiie, 
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3-Chloro-exo-4-lzydroxy-2-methycbicyclo~3,2,l]oct-2-e~ze (16). - M. p. 66-67". I R. spcctrum 
(in Nujol) : max. a t  3260, 1647, 1020 and 722 cm-1 indicative of the hydroxy and chloro groups and 
an endocyclic, tetrasubstituted double bond. 
CgH,,C1O (172.70) Calc. C 6'2.60 H 7.59 C120.53O,/, Found C62.61 H 7.59 C120.657; 

Hydrolysis of exo-3,4-dichloro-2-mcthylbic~~clo[3.2. IIoct-2-ene (7). - exo-3,4-Dichloro-2-metl~~~l- 
bicyclo[3.2.l]oct-2-ene (7) (500 ing; 2.8 mmoles) in 65% aqueous acetone (23 ml) was stirrcd a t  
room temperature for 3 h. The solution was diluted with water and worked up  the usual way to 
afford a mixture of 3-chloro-2-h~iZroxy-Z-)?zethylbicyclo[3.2.7]oct-3-elze (18) and exo-3-chloro-3- 
hydroxy-2-methylbicyclo[3.2.7]oct-2-ene (16) in the ratio 1 : 3 (408 mg;  85%). Separation was cffectcd 
by CLC. using a coluinn (4.5 m, 8.0 mm) packed with 20% Carbowax 20M on Chromosorb W 
(SOjl00 mesh; acid washed and silanized), nitrogen as carrier gas (200 nil/min) and temperatures of 
200" (injection) and 180" (column). The retention times were 30 min. for 16 and 25 min. for 18. 

3-Chloro-2-hydroxyy-2-methylbicyclo[.3.2.I]oct-3-eize (18) was further purified by sublimation 
(50"/0.01 mm) : n1.p. 50-51". I K .  spectrum: max. a t  3350, 3020, 1629, 842 and 740 cm-l character- 
istic of the hydroxy and chloro groups and an  endocyclic, trisubstituted double bond. Mass spec- 
t rum: M + :  172. 

Dehydrochlorination of exo-3,4-dichloro-2-methylbicyclo[3.2.7]oct-2-ene (7). - A solution of 7 
(2.5 g ;  13 mmoles) in dry pyridine (10 ml) was stirred and heated at 110" for 2 h. After dilution with 
water, the solution was worked up  in the usual way. The ether was distilled off and the product was 
fractionated through a Vigrezix column to  yield 3-chEo~o-2-ilzethylenebicyclo[3.2.7]oct-3-ene (9) 
(1.05 g ;  6.8 mniolcs; 52%). 

Addition of hydrogen chloride to 3-cAloro-2-methylenebzcl?cko~3.2. Iloct-e-size (9). - Dry hydrogen 
chloride was passed into a solution of 9 in carbon tetrachloride a t  - 10". Xf ter the tliszppcarnncc of 
the diem, the NMR spectrum of the solution was cxaminecl. Three products were detcctcd : 
2,3-ilichlovo-Z-nzethyl~~cyclo~3.2.l~oct-3-ene (21), exo-3,~-dichloro-2-nzeth~~Z~ic?,cio-ott-2-e~ze (7) and 
endo-3,4-dncialoro-2-~nethylbicyclo~3.2.I]oc~-2-e~ze (22) in the ratio 1 : 3 :1, respectively. After thrcc 
hours a t  room temperature the NMR. spectrum indicated that  21 had converted complctcly to  7. 

Passage of dry hydrogen chloride into a solution of 9 in chloroform at 45" gave only two COITI- 

pounds, namely 7 and 22 (4 : l ) .  

B. Reduction of exo-3,4-dichloro-2-methylbicyclo [3.2.1] oet-2-ene (7) with lithium 
aluminium hydride (LAH). - A solution of 7 (4.0 g ;  21 mmoles) in anhydrous ethcr (10 ml) was 
added dropwise to  a suspension of LAH (1.5 g ;  39 mmolcs) in anhydrous ether (35 ml). The mixture 
was stirred and heated under rcflux for 18 h. The excess of rcagent was destroyed by dropwise 
addition of a small quantity of water. The resulting solution was filtered and dried over magnesium 
sulfate. The ether was removed and the product was distilled nntler reduced pressure (53 -54"/0.45 
Torr; 3.0 g ;  19.1 mmoles; 910/,). IR. revealed the presence of two compounds (C--C: 1667 and 
1632 em-l). Separation was effected using a column (4.5 m/8.0 mm) packed with 20;,/, Apiczon L on 
Chromosorb W (80jl00 mesh; acid washed and silanized), nitrogen as carrier gas (120 ml/min) and 
temperatures of 170" (injection) and 135" (column). 

The major component (4 : l )  had the longer retention time (30.5 min) and was 3-chloro-cndo- 
2-methylbicyclo[3.2.I]oct-3-e~e (23). - IR.  spectrum: max. at 3040, 1632, 842 and 679cm-I charactcr- 
istic of the tribustituted double bond and the C-Cl bond. 

CgH,,Cl (156.65) Calc. C 69.01 H 8.37 C122.66Oj, Found C 69.05 E l  8.61 C122.440/, 
The minor component (retention time of 26.5 min) was 3-chloro-2-methylbicyclo[3.2.7]oct-2-ene 

(24). - IR. spectrum: max. at 1667 and 720 cm-l due to the tetrasubstituted double bond and 
C--Cl bond. 

C,H,,Cl (156.65) Calc. C 69.01 I3 8.37 C122.660/, Found C 69.10 13 5.50 C122.51% 
Both compounds wcrc stable under the separation conditions. 
Reduction of the mixtuve of 7 and 22 with L A H .  -The reaction was carried out in exactly the samc 

way as for pure 7 (see below). From the mixture of 7 and 22 (4:l g ;  18.4 inmoles), 24 and 23 
were obtained in  a ratio of 3 : 7  (2.38 g ;  15.2 mmoles; 84% yield). 

Reduction of exo-3,4-dichloro-2-methylbicyclo[3.2.I]oct-2-ene (7) with tri-n-bf$tyltin hydride 
( T B T H )  [28]. - A mixture of 7 (5.0 g ;  26 mmoles) and TBTH (9.0 g; 31 mmoles) was stirred and 
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heated a t  80" for 18 h under nitrogen. After dilution with anhydrous ether (100 ml), ammonia was 
passed through the mixture until precipitation of the white quarternary ammonium salt of TRT- 
chloride was complmete. After filtration and evaporation of the solvent, the residual oil was purified 
by column chromatography (basic alumina, Merck activity grade I ,  petroleum ether as eluant) 
followed by  distillation z?z v n c m  to  )7ield a inixture (5bY0) of 23 and 24 in the ratio 1 :4 .  

Iteduction of exo-3,4-dichloro-2-nzethylbzryclo[3.Z. I]oct-2-eize (7) w ; t h  sodium borohydride. - To a 
stirred solution of sodium borohydridc (3.4 g; 90 nirnoles) in S 0 x  aqueous diglyme (50 nil) 7 
(2.0 g ;  13.5 mmoles) was added. The mixture was then heated at 50" for 24 h under nitrogen. After 
cooling and dilution with water the mixture was worked up  and the residual oil was purified by 
column chromatography (silica gel M e v c k ,  70/325 mesh) to  yield a mixture (1.33 g) of 3-chloro- 
endo-2-nzetlzylbzcyclo[3.2.7] oct-2-ene (24), 3-chloro-2-lzy~roxv-2-nzetlzylbic~~clo[3.Z. 7 J oct-3-em (18), 
3-chloro-exo-4-hydro~yvy-2-methylbicyclo[3.2. 7Iort-2-ene (16) and 3-chloro-2-met~kyleneb~~cyclo[3.2. I]ocl- 
,3-ene (9) in a percentage ratio of 28, 14, 16, 32 and 10, respectively. 

Reduction of exo-3, J-dichloro-2-phe~zylbicyclo[3.2. IIoct-2-ene (6).  - Compound 6 (2.53 g ;  
0.01 mole) in dry ethyl ether (5 inl) was added dropwise to  a suspension of LAH (0.8 g) in dry ethyl 
ether (20 nil). The mixture was then stirred and heated under rcflux for 18 11. Excess LAH was 
&composed by careful addition of water and the  ethereal solution was dried over anhydrous 
sodium sulfate. Subsequent evaporation of the ether gave 25 and 26 (1.6 g; 0.0077 mole) 730/, in the  
ratio of 45 : 55 a.s determiner1 by both NMR. and GLC. Separation t o  the two isomers was effected 
by preparative GLG., using a column (4.5 m/S.0 nini) paclted with 20% Apiezon L o n  Cliromosorb 
If' (SOjlOO mesh; acid washed and silanized), nitrogen as carrier gas (80 ml/min) and temperatures 
of 240" (injection) and 215" (column). The retention tinics were 68 min for 26 and 73 min for 25. 

3-ChZoro-endo-.2-pIzenyZbicycZo[3.2. 7]oct-.3-ene (25). - IJV. spx t ru tn  : Amax (in hexane) 214 nm 
( F  = 12200). Mass spectrum: Mf: 218. 

3-Clcluro-~-phellylb~cj~clo[3.2.l]oct-Z-ene (26). - XMR. spectrum : phenyl (5 H) 7.33 ppin ; 
niethylcnc (101-1) 2.40-3.90 ppm. 17V. spectrum: A,,, (in hexane) 212 n m  (c = 7800) and 245 nm 
( E  = 6550). Mass spectrum: iW+: 218. 

7 r e a t m e n t  o/ 6 with TBTH. - a) Compound 6 (2.53 g ;  0.01 mole) was stirred and heated with 
THTH (3.5 g) without solvent at 80" under nitrogcn lor 18 h. Column chromatography over basic 
alumina (using petroleum ether as eluant) of the resulting reaction mixture gave 25 and 26 
(1.7 g ;  0.0082 mole, 82y0 yield) in the ratio 1 : 6 .  

b) Compound 6 (1.0 g ;  0.004 niolc) and TBTH (1.4 g) were dissolved in ether (10 ml) and the  
mixture was rcfluxetl under nitrogen for 18 h. After evaporation of the cther, the  mixture was 
chromatograplied over basic alumina t o  give 25 and 26 (0.6 g; 0.0027 mole, 69q/, yield) in the ratio 
1 :6 .  

Stubility oJ the mixtiwe of 25 nrkd 26 in  the presence of L A  H .  - Both mixtures of 25 and 26 ob- 
tained from the LAH reduction (ratio 45 : 55) and from the  TBTH reduction (ratio 1 : 6) were 
treated separately with 1,AH in refluxing ether for 24 h. In both cases, the  starting mixtures were 
entirely recovered and analytical GLC. did not show any  change in the  ratios. 

Iledzictioiz of ~?-phen~yl-3,4-dib~o~~obicyclo[3.2.l]oct-2-e~ze (5) with L A H .  - exo-Z-pheny1-3,4- 
clibromobicyclo~3.;!.Ijoct-2-ene ( 5 )  (7.0 g;  10.2 mmoles) in anhydrous ether (25 ml) was added 
dropwise over 20 inin t o  a stirred solution of LAH (1.4g; 18.4 mmoles) in anhydrous ether, and then 
heated under rcilux for 18 h .  The reaction mixture was then cooled and a saturated aqueous sodium 
sullate solution (3 nil) was carefully added. Solids were removed by  filtration and washed well with 
ether. The conibined ethereal extracts were washed with water, dried over magnesium sulfate, 
and examined by  G-LC. (Apiezon L, 20% on Chroniosorh 15' ; SOjl 00 mesh acid washed and silanized ; 
2 in x 2 m m ;  column temperature 180"). Four compounds (27, 28, 29, 30) were present in a ratio of 
87.7, 8.7, 3.0 and 0.676. The major coniponent was isolated by crystallisation and  the  others 
identified with samples prepared separately (see below). 

endo-2- Phen~~l-3-bromobic3,clo[3.Z, I]oct-3-e?ze (27). - The etheral solution was evaporated and 
the resultant oily solid (3.8 g ;  71Oj,) was chroinatographcd over basic alumina (80 g, Merck activity 
grade I) using light petrol (l).p. 40-60") as eluant. The solvent was removed and the residue re- 
crystallized from pentane to give endo-2-pherzyZ-3-bvovnoDicycZ~[3.2.l]oc~-3-ene (27) as small 



HELVETICA CHIMICA ACTA ~. Vol. 55, Fasc. 6 (1972) - Nr. 216 2225 

colourlcss crystals, in. p. 81-82". Crystallization of the oily residue from pentane furnished a further 
batch of 27 (0.8 g).  

C,,H,,Br Calc. C 63.9 H 5.7 Br 30.4% Found C 63.63 H 5.82 Br 33.810,b 

U V .  spectrum: A,,, (in cyclohexane) 226 nm ( E  = 13480). Mass spectrum: M+ : 262 and 264 

The residual oil was collected (250 mg) and mas shown by NMR. to contain a small amount 
in the ratio 1 : 1. 

(-lOyO) of 27. 

endo-2-Pheizylbicyclo[3.2.7]oct-3-ene (29). - Compound 27 (1.0 g) in ether (25 ml) was added to 
an cthereal suspension of LAH (1.0 g) and the mixture heated under reflux for 24 h. The mixture 
was worked up and purificd by column chromatography over basic alumina and subsequently by 
thick layer chromatography (silica gel ando-2-Phenylbicyclo[3.2,l]oct-3-ene (29) was ob- 
tained (170 mg). 

1;V. spectrum: A,,, (in cyclohexane) 223 nm (c = 9800). Mass spectrum: Mf: 184. 

Redzcction of Z-phenyl-3,4-dib~oi~zobicyclo[3.2.l]oct-2-ene (5) with T B  T H .  - A solution of 5 
(3.42g, 1.0 mmole) andTUTH (3.20g, 1.1 mmole) in ether (50ml) undcr nitrogen was stirred and 
heated under reIlux for 18 11. Ether was evaporated and thc residual oil was passed twice over 
a column of basic alumina using light petroleum (60-80") as eluant to  remove tin bromide. Thc 
solvent was evaporated and GLC. revealed the presence of 27 and 2-phenyl-3-bvonzobicyclo- 
[3.2.7]oct-2-ene (28) in the ratio of 1 : 9 (1.6g; 63y0). Subsequent column chromatography over basic 
alumina using light petrolcum (b. p.  40-60") as eluant gave 28 in 96% purity contaminated with 
4% of 27. 

Cl,lll~Br Calc. C 63.9 H 5.7 Br 30.40/, Found C 63.78 H 5.85 Hr 30.64% 

UV.  spectrum: A,,,, (in cyclohexane) 220 nm ( E  = 8150) and 243 nm ( E  = 7700). Mass spectrum: 

Z-PhenyIbicyclo[3.2.I]oct-2-ene (30). An cthercal solution of the above mixture of 28 and 27 
(0.50 g) was added dropwise to a stirred solution of L A H  (500 mg) in ether a t  room temperature. 
The mixture was then heated under reflux for 24 h and worked up in the usual way. Analysis of the 
product by GLC. showed it  to  be essentially 2-plzenylbicyclo[3.2.7]oct-2-ene (30), with a small amount 
(.57/0) of endo-2-phen~~ltric~yclo[3.2,7]oct-3-ene (29). 

NMR. spectrum: Two charactcristic peaks: 3.37 pprn (5 I-I, phenyl) and 5.79ppm (1 H, vinyl). 
U V .  spectrum: &,, (in cyclohexane) 221 nm ( E  = 6100) and 251 nm ( E  = 7900). Mass spectrum: 
X+:  184 (parent peak a t  57). 

.V;VR.-Dutu. - The chief spectral features of the compounds 7, 9, 16, 18, 21, 22, 23, 24, 25, 27 
and 29 are listed in thc Tables I and 11. All spectra were obtained a t  60 MHz and analyzed by spin 
decoupling using the frequency sweep method. The coupling constants were obtained from the 
expanded spectra (5 ppm, 100 or 50 Hz). Chemical shifts are expressed in ppm from internal TMS 
talrcn as zero. Coupling constants are in Hz and the form of the signals is designated as s = singlet, 
d = doublet, 1 = triplet, and 1yt = multiplet. 

The endo configuration of the mcthyl group in 23 and the phenyl group in 27 were rigorously 
cstablishcd by double irradiation experiments. l'or 23 the magnitude of the long range coupling 
between the vinyl proton and the allylic hydrogen was found to be 2.0 Hz. This value is consistent 
with exo stereocliemistrp of the allylic proton, accordingly the gerninal methyl group has the e n d o  
configuration [30]. 

Similarly for 27, the vinyl-allylic coupling was found to  be 1.5 Hz. This value, taken together 
with the value of 4.5 Hz found for the vicinal coupling between the C(1) and C(2) protons confirm 
the e n d o  configuration of the C(2) phenyl group [30]. 

The allylic hydrogen in endo-3,4-dichloro-2-methylbicyclo[3.2.l]oct-2-ene (22) showed as 
multiplet (3J = 4.9 €32) a t  4.95 ppm. The magnitude of the coupling constant and the chemical 
shift of this signal suggest the e n d o  configuration of the chlorine [30]. In the NMR. spectrum of the 
mixture of 8, 22 and 21 obtaincd a t  - lo",  additional signals appeared: sharp singlet a t  1.76 pprn 
and a doublet at 6.09 ppm C3J = 7.5 Hz, further fincly split). This data strongly suggests that  this 
product is 2,3-dichloro-2-methylbicyclo[3.2.l]oct-3-ene (21), with undefined stereochemistryatC(2). 

M +  : 262 and 264 in the ratio 1 : 1, 

140 
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Table I. N M R .  data  of the 2-meth.vlbicyclo[3.2. l joctene devivntaves 

Compound C(1) C(4) C(5) C(2) subst. 

1% ( J  = 2.8) W? d (5.1 = 1.3) 
(5J = 1.3) 

7 2.49 4.17 2.69 1.84 

9 3.04 6.21 2.65 
d o f  m d ( 3 1  = 7.3) 7% 

( /  =4.5) 

5.05 s 
and 4.82 
t ( J  = 1.2) 

16 2.44 3.67 2.55 1.81 
n$ 112 (3J = 2.7) 111 d (5J = 1.2) 

(51 = 1.2) 

18 6.00 2.60 1.35 
d ( 3 1  = 7.3) m S 

21 

- 

22 

6.09 2.70 
d of d 1H 

( A J  = 7 5) 
(4J ~ 1 3)  

1.76 
S 

4.95 2.65 
m (3 .1  : 4.9) nz 

1.84 
F 

23 2.50 
%a 

5.91 2.40 
d of d 9lZ 

('J = 6.7) 
( 4 1  2 0) 

1.10 
d (3J = 7.2) 

24 2.40 
m 

1.78 
d (5J = 1.7) 

Table 11. N M R .  data  of the 2-phenv26icyrlo[3.2.l]octe~ze derivatives 

Compound C(1) C(2) ( 7 3 )  C(41 C(5) C(2) subst. 
- ~~ 

25 2.52 4.03 
nz d o f m  

( 3 1  = 4.6) 

6.31 2.52 7.27 
d 01 CE 1JZ 111 

(',r = 6.7) 
(*J 1.5) 

~ 

27 2.46 4.10 
11 I CZ of $92 

(3J -4.5) 
(4J = 1.5) 

6.54 2.46 7.25 
tl of' d 99% 112 

(4J = 1.5) 
t3.1 = 7.0) 

29 2.40 3.86 5.50 6.06 2.40 7.16 
nz d of m d of d of d d of d of d of d $12 Pt 1 

('1 : 5.0 -I_: 1) (3J = 9.5) (3.1 = 9.4) 

(4J = 1.2) 

(3.1 == 2.2) 
(4/ = 1.7) 

('/ = 6.6) 
(4J = 2.5) 
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