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Abstract-The Dick-Alder reaction of 1,2,3,4-tetrachloro-5$dimethoxycyclopcnta-l,3diene with cyclo- 
propene has been utilized to furnish some endo-tricyclo[3.2.1.02*4]octane derivatives. Several exo-tricyclo- 
[3.2.1.@*4]octane derivatives were synthesized from known precursors using standard reactions The 
stereochemistry of the t&acyclic alcohol, resulting (ultimately) from the reaction of ‘I-norbomadienyl 
acetate with diazomethane, is discussed. The PMR spectra of a number of tricyclo[3.2.1.02*4]octane 
derivatives are presented and discussed with reference to configurational assignment. 

TRICYCUX>C~ANE derivatives which contain a cyclopropane ring have been subject to 
considerable attention of late. In particular, investigations of the solvolysis reactions 
of such derivatives have been instrumental in defining the stereochemical require- 
ments of cyclopropane participation. The inherent structural rigidity of these tricyclic 
derivatives makes them ideal substrates for such studies. The recent example of the 
enhanced, titrimetric solvolysis rate of the e&o, anti isomer relative to the other 
three isomeric 8-tricyclo[3.2.1.02*4]octyl esters, exemplifies the use of such sub- 
strates.lm3 Related studies on the 6-tricyclo[3.2.1.02*4]octyl system4*’ and the 3- 
and 4-tricyclo[3.2.1.02* ‘]octyl system6 have ken reported. 

Recent attention has also been concentrated on light induced valence isomeriza- 
tions of tricyclo[3.2.1.@*4]octenes and compounds with the same basic chromo- 
phore.‘-I2 Thermally induced isomerizations in the same system have also been 
reported.13 

In general, synthesis of tricyclo[~.21.02~ 4]octane derivatives formally involves 
addition of a carbene to a bicyclic olelin. Although reactions’ of this type may be 
stereospecific, for the most part isomeric mixtures result. As an alternative route, the 
Diels-Alder reaction between cyclopropene and cyclopentadiene to give en&- 
tricyclo[3.1.0.02~ 4]oct-6-ene (1)14 is attractively simple, particularly in view of the 
recently reported, convenient preparation of cyclopropene.” However, generalization 
of this reaction to include the preparation of &tricyclo[3.2 1 .ti* 4]octane derivatives 
has never been reported. To our knowledge only one other example of this synthetic 
approach has appeared in the literatur-he preparation of 1,2,3,4,5,6,7-hepta- 
phenyltricyclo[3.2.1.~*4]octan-8-one16 (presumably endo, exe). The results of our 
investigations into the synthesis of 8-tricyclo[3.21.02~4]octyl derivatives via this 
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method are discussed below. Part of this work has been reported in preliminary form.’ ’ 
Simultaneously with our preliminary report there appeared two other communica- 
tion&2 dealing with similar synthetic approaches. 
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RESULTS AND DISCUSSION 

The Diels-Alder reaction of 1,2,3,4-tetrachloro-5,5dimethoxycyclopenta-l,3diene 
with cyclopropene gave the tricyclic ketal (II) whose PMR spectrum (see later) was 
consistent with the assigned structure. Acid catalysed hydrolysis of II yielded the 
corresponding tetrachloroketone (V) which showed IR absorption at 1855,1835 and 
1800 cm- ’ characteristic of bridge carbonyl compounds’8 as well as bands at 
306Ocm-’ (cyclopropane C-H stretch)ig and 1045 cm-’ (cyclopropane ring 
deformation). The PMR spectrum of V consisted of a typical AMX, pattern with 

tHz = =H, = 8.11, ru,. = 8.35, ru,, = 9.70 ppm, JH,,H,= = 8.23, JH,,H2(H,) = 360 and 
J HIxHIm4) = 740 Hz* The ketone (V) decarbonylatedt at the melting point to give 
2,3,4,5-tetrachlorotropilidine whose PMR showed two equally intense triplets 
(J = 7.8 Hz) at T 390 and 7*50.2 

Dechlorination of the tetrachloro ketal (II) according to the method of Winstein” 
resulted in reduction of the double bond and yielded the saturated ketal (III). Mild 

* These parameters were obtained by matching of the experimental spectra to computed spectra; 
unpublished results of R. I. Kagi. 

t A systematic study of the decarbonylation of this and related ketones has recently been published.20 
The result of our investigations along these lines will be published at a later date. 
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acid hydrolysis of III gave the saturated ketone (VI). Although PMR spectroscopy 
strongly suggested that the cyclopropane ring in II, and consequently in III and VI, 
was endo it was felt that further proof of this was needed. To this end, the saturated 
ketone (VI) was converted to the tosylhydrazone (VIII) which on subsequent re- 
duction” gave endo-tricyclo[3.2.1.02~4]octane (IX). This tricyclic hydrocarbon was 
identical to the product obtained via catalytic hydrogenation of the known tricyclic 
olelin (I).i4*i5 

The unsaturated ketal (IV) was obtained by dechlorination of II with sodium in 
t-butanol-THF.” The PMR spectrum of IV showed the vinyl triplet at z 4.38, i.e. 
0.36 ppm upfield from the vinyl triplet of 7,7-dimethoxynorbomene.23 This shielding 
of the vinyl protons in an endo-tricyclo[3.2.1.02*4]octene relative to the vinyl protons 
in the corresponding bicyclo[2.2.l]heptene is characteristic of the endo fused cyclo- 
propane ring in the tricyclo[3.2.1.02* 4]octenes ; the vinyl protons of the exo fused 
isomer are deshielded by a similar amount.‘. 14*24 Careful hydrolysis of the un- 
saturated ketal (IV) gave the corresponding ketone (VII) whose PMR spectrum 
showed the vinyl triplet at r 3.93 (the vinyl triplet of norbomenone occurs at r 
3*50).‘8” After melting at 305-31” the ketone (VII) showed visible signs of gas evolu- 
tion at about 35” and was quantitatively converted to tropilidene.* 

m-y&+& 

Sodium borohydride reduction of the saturated ketone (VI) gave a 1: 1 mixture 
of alcohols (X and XI). Separation by VPC gave the endo, unti alcohol (X) and the 
known endo, syn alcohol (xI).3 Whereas the en& anti alcohol (X) displayed only 
one monomeric OH band (3630 cm- ‘) in the IR the endo, syn alcohol (XI) displayed 
two sharp absorptions (3630 and 3595 cm- ‘) which we have attributed to free OH 
and intramolecular bonded OH respectively. The ability of cyclopropane rings to 
function as proton acceptor groups in H-bonding has recently been discussed in 
detail by Schleyer2’ and in particular the above two alcohols were included. Mention 
was also made of the unsaturated epimeric alcohols XII and XIII although at the 
time only the bonded OH stretching Frequencies of the epimers were published_’ 

l ’ A systematic study of the d&arbonylation of this and related ketones has recently been publisbed.20 
The results of our investigations along these linea will be published at a later date. 



1268 S. C. CUM& K. J. FRAna and 3. L. JOHNSON 

In our hands these epimers showed two OH frequencies : XII at 3625 and 3575 cm- l 
and XIII at 3630 and 3590 cm-‘. The lower position of the bonded frequency in XII 
relative to that in XIII was used in the fust instance to establish configurations of 
these epimers.’ Further evidence supporting this configurational assignment is 
presented below. 

These two unsaturated alcohols were obtained (XII 25x, XIII 75%) via sodium 
borohydride reduction of the unsaturated ketone (VII). Brief treatment of VII with 
LAH gave the same two alcohols (XII 14%; XIII 86%) but on prolonged treatment 
the endo, anti unsaturated alcohol (XII) was converted to the endo, anti saturated 
alcohol (X). The subsequent reduction of the double bond under these conditions is 
characteristic of 7-norbornenol derivatives in which the hydroxyl group is syn to 
olefinic link ;26 the epimer in which the hydroxyl is anti to the double bond is un- 
affected under the same conditions. The PMR spectra of XII and XIII provide 
further confirmation of the configuration of the bridge carbon. In particular, the 
vinyl signal of XII was observed as a broadened triplet. The broadening may be 
ascribed to a small stereospeciflc coupling between the vinyl protons and the C-8 
bridge proton which is anti to the vinyl protons.2’ In contrast, the vinyl signal of the 
epimer XIII appears as a sharp well resolved triplet. 

At the inception of this work several exo fused 8-substituted tricyclo[3.2.1.02*4] 
octane derivatives had been reported.3 However, in view of the simplicity of obtaining 
the endo fused derivatives from the ketal (II), it was tempting to explore the possi- 
bility of obtaining the exo fused derivatives from the corresponding exo ketal (XIV). 
The precursor (XIV) was obtained, albeit in extremely low yield, by photolytic 
decomposition of diaxomethane in the presence of the norbomadiene derivative 
(XV).28 Despite considerable effort, the yield of XIV could not be improved and 
attempts to prepare compounds of the exo series from this ketal were abandoned. 
Assignment of the exo configuration to the ketal (XIV) follows from a comparison 
of its PMR spectrum with that of the endo isomer (II). The spectral parameters* for 

TABLE~.C -TED CHEMICAL SHIFTS (PPM) 
AND COUPLING CONSTANTS(HZ THEend 

(II)ANDexo(XIV)IEIRACHmRORmALs. 

XIV II 

H 3n 680 958 
H,, 8.71 9-08 
HAH.) 8.10 8.21 
J Hdb. 74x 768 
J H,.Hl(Hd 3.55 362 
J HI.HI(HI) 754 728 

the two isomers are summarized in Table 1. The large steric deshielding experienced 
by Ha,, in isomer (XIV) is characteristic of tricyclo[3.2.1.02*4]octanes which have a 
9-substituent (OH or OH derivative) syn disposed to an exe fused cyclopropane ring.2g 

l These parametera were obtained by matching of the experimentaI spectra to computed spectra; 
unpublished results of R I. Magi. 
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The exe unsaturated ketone (XVI) was prepared by oxidation of the known3 exe 
alcohol (XVII) or more conveniently by oxidation of a mixture of XVII and its 
endo isomer XIII, since in the latter case the endo unsaturated ketone (VII) formed, 
spontaneously decarbonylates to give tropilidene. The vinyl triplet in the PMR 
spectrum of XVI was centred at r 3.18, i.e. downfield from that of norbomenone (t 350). 

The reported reaction of 7-norbornadienyl acetate with diazomethane to give 
(after reduction with LAH) the alcohols (XVII and XIII) also yields a diadduct 
alcohol.3 At the time the stereochemistry of this alcohol (and its acetate) was unknown 
and furthermore some doubt existed as to the origin of an extraneous (presumably) 
signal at r 8Q3 in the PMR spectrum of the diadduct alcohol (t 8.5 in the corres- 
ponding acetate). Quite remarkably, integration of this signal indicated one proton. 
In an effort to resolve these questions we oxidized the crude diadduct alcohol to the 
corresponding ketone. The liquid ketone* was homogeneous by VPC and showed 
IR absorption at 1850 and 1775 cm-‘. The PMR spectrum of the ketone, Fig. 1, 
uniquely defines the structure as the exo, exe configuration (XIX) ; the general 
appearance of the pattern due to the cyclopropane protons is reminiscent of a 
tricyclo[3.2.1.02~4]octane suggesting equivalence of the two cyclopropane rings. 
Lack of coupling between the bridgehead protons (I-11,H5) and the tertiary cyclo- 
propane protons (H2,H4,HS,Hs) clearly establishes the em,exo configuration.2g 

l ‘Ik ketone in probably identical to the compgmd deaczibcd briefly in Ref. 20, footnote 10. 
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Further evidence for the exo configuration (of at least one cyclopropane ring) was 
obtained from the corresponding alcohol (Xx) resulting from LAH reduction of 
XIX. The PMR spectrum of the alcohol (XX) integrated for five protons in the 7 8.80 
region (not six as originally reported3) and the multiplet at 7 8*03(doublet of triplets ; 
JHhH3. = 5.5, JH,,H~(H,, = 3.3 Hz) we have assigned to HJ, which is sterically de- 
shielded by the proximate OH gro~p.~’ 

The configurational assignments for XIX and XX were confirmed by preparation 
of the corresponding exo, endo isomers XXII and XXI. Simmons-Smith reaction on 
a mixture of the unsaturated tricyclic alcohols XII and XIII resulted in almost 
complete cyclopropanation of epimer XII whereas the epimer XIII was virtually 
unmatted. The resulting tetracyclic alcohol* displayed PMR and IR spectra con- 
sistent with structure XXI. The sterically deshielded proton HJ, occurred at 7 8.50 
in the PMR spectrum and the signal due to this proton approximated the X part of 
an AM,X spectrum. Oxidation of the alcohol XXI with Jones reagent furnished the 
bridged tetracyclic ketone XXII. The PMR spectrum of this ketone was far less 

XXI xxll - 

symmetrical than that of the exo, exo isomer and we feel that even a qualitative com- 
parison of these two spectra leaves very little doubt as to the respective conIiguration.s 
of the two isomeric ketones. 

PMR spectra 
Several correlations between PMR spectral parameters and configuration of 

tricyclo[3.2.1.02~4]octane derivatives have been observed in the past and emphasis 
has been placed on these correlations during structural assignments. Perhaps the 
most widely used of these correlations is that which relates the configuration of the 
cyclopropane ring to the chemical shift of the vinyl protons of tricyclo[3.2.1.02*4] 
act-Gene derivatives. The two parent olelins, exo-tricyclo[3.2.1.02*4]oct-6-ene30 
(XXIII) and endo-tricyclo[3.2.102*4]oct-6ene14 (I) have their vinyl signals at 7 3.71 
and 4.37 respectively. The structure of these two tricyclic olefins have been un- 
equivocally determined.? Following this, SauersZQ noted that the two monoadducts, 
XXIV and XXV, arising from reaction between ethyl diazoacetate and norbomadiene 

l The product mixture obtained from the SimmonsiQnith reaction contained at least one other com- 
ponent. Preliminary investigations indicate that this component is probably a tetracyclic alcohol formally 
derived from XII by rearrangement then cyclopropanation or the reverse. 

t W. von E. Dcering and W. Grime, unpublished results, cited in Ref. 4. 
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have their vinyl resonances at 3.61 (XXIV) and 4.19 (XXV). In this instance the 
structure of the exo adduct XXIV was confirmed by independent synthesis. 

H2H4H6% 

d7 Ed* i 

FIG. 1 

With the aid of several other examples Pincock was able to add some generality 
to the correlation: the vinyl protons of exo-tricyclo[3.2.1.~*4]oct-6-ene derivatives 
are deshielded relative to the vinyl protons of the corresponding norbomene deriva- 
tives whereas the vinyl protons of the endo isomers are shielded. Examples from the 
literature and from the present work are collected in Table 2. Without exception, 
the vinyl resonances of the exe isomer are downfield by some O-3 to 0.5 ppm relative to 
the vinyl resonances of the corresponding norbomene. The vinyl resonances of the 
endo isomer are uniformly upfield by some 01 to 04 ppm. The chemical shift difference 
between the vinyl resonance of the exo olefm and its endo isomer fall in the range of 
0.6 to 0.7 ppm. These long range shielding and deshielding effects have been attributed3 
to the magnetic anisotropy of the cyclopropane ring.31 

The magnetic anisotropy of the cyclopropane ring is also evidenced in the chemical 
shift data of the bridge hydrogens at C-8 of both syn and anti 8-monosubstituted 
tricyclo[3.2.1.ti*4]octane derivatives’ (Table 2). When the cyclopropane ring is exe 
the bridge proton at C-8 is nearer to the centre of the cyclopropane ring and is 
consequently shielded by some 01 to O-3 ppm relative to the bridge proton in the 
corresponding 7-norbomenyl (or norbomyl) derivative. When the cyclopropane ring 
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TABLE 2. %fEEIt TO ccl, WLN. %N PPM RRUTIVI? TO THE CORRESPONDING PROTONS IN THB ANALOGOUS 

BICYno(2.2.1)fEPTANB DERIVATIVHI. ?-HIS TRICYCLIC ALCOHOL HAS WCENI-LY BBEN SyNIlIBsIzBD IN OUR 

L~ORAT~RIES; B. C. HENSHAW AND B. L. JOHNSON, IN PRESS. 

No Compound 
Chem. shift l ‘5 Chem. shift diff.b 

H6H7 He H6H7 “8 
Ref. 

XXIII 
3.71 - 0.36 30 

I 

x XIV 
‘vt 3.61 

xxv 

02Et 

XVI 

VII 

He0 OHe 

XVIII 
A& 

IV 

OAC 
XXVI A& 

XXVII 

0.30 

-0.46 240 

4.19 0.12 240 

3.16 - 0.32 This work 

3.93 0.43 This work 

14,15 

Not known 

This work 
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TABLE 2.-contd. 

No Compaund 
Chem. shift a ‘F Chan. shift diff.” 

H6 H7 He “6 H7 Hs 
Ref. 

XVII 

OH 

XIII 4 
oeu’ 

XXVIII A& 

cN3ut 

XXIX 

4 

xxx1 

XII 

HO 

4 
HO 

XXXII Lb 

HO 

X 4 
H 

xxx Ah 
N 

XI 4 

3.7L 

L.30 

3.69 

k.39 

3.66 

le.19 

6.68 -0.33 0.13 

8.15 0.31 - cu.0 

7.07 - 0.38 0.33 

6.31 0.32 -0.63 

6.36 -032 0.0 

6.07 0.19 -0.31 

3 

3 

2&b 

2Lb 

C 

This work 

647 0.36 3 

5.96 - 0.13 This work 

6.55 0.U 3 

5.87 -0.24 This work 

. 
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is endo the bridge proton is nearer to the plane of the cyclopropane ring and therefore 
experience a deshielding of some 0.2 to 0.4 ppm. The unsaturated alcohol XXX1 is 
exceptional in this regard since the carbinol methine proton at C-8 has the same 
chemical shift as the analogous proton in syn-7-norbomenol 

The configuration at C-7 in 7-monosubstituted norbomenes, 32 norbomadienesJZ 
and benzonorbomadienes” may be assigned from appearances of the vinyl triplet 
in the PMR spectra. The presence of a small stereospecific coupling between the 
vinyl protons and the C-7 proton anti to the double bond gives rise to a broadening 
of the usual vinyl “triplet” in the PMR spectrum of the syn-7-monosubstituted 
epimer. In certain instances this stereospecific coupling is resolved and the vinyl 
&nal appears as a doublet of triplets. In contrast, the vinyl signal of the corres- 
ponding anti-7-monosubstituted epimer is observed as a clean triplet. Extrapolation of 
these observations to 8-monosubstituted tricyclo[3.2.1.02*4]oct-6-enes would appear 
to be without objection so that one might expect a broadening of the vinyl triplet in 
the epimer which has the 8-substituent anti to the cyclopropane ring whereas the 
epimer in which the 8-substituent is syn to the cyclopropane ring would be expected 
to show a clean vinyl triplet. In fact, these expectations have been applied in two 
instances. 

The two monoadducts, XXVI and XXVII, resulting from copper catalysed reaction 
of diazomethane with 7-norbomadienyl acetate3 and the two monoadducts, XXVIII 
and XXIX, arising from Simmons-Smith reaction on 7-norbomadienyl t-butyl 
ether24b were each assigned the configuration with the C-8 substituent syn to the 
cyclopropane ring since in each of the four compounds the vinyl signal was observed 
as a clean triplet. It would appear therefore that the expectation is in part true. 
However, at the time, no examples of an mtti-8-monosubstituted tricyclo[3.2.1.02*4] 
act-bene had been reported and positive evidence for the presence of H-8 to H-6, 
H-7 coupling was not available. Since then, endo, rmti-tricyclo[3.2. 1.02, 4]oct-6-en-8- 
01 (XII) has been reported’ and the broadening present in the “vinyl triplet” of this 
compound was commented upon in the previous section. The PMR signal due to 
the vinyl protons in the exo, anti isomer XXX1 appears as a partially resolved 
multiplet (W+,, = 5 Hz). 

The PMR spectra of a series of exo, anti-&substituted derivatives of benztricyclo 
[3.2. 1.02* 4]octene have been examined. 29 The fixed boat-like conformation of these 
derivatives brings one cyclopropane proton (H3,J into close proximity with the 
anti-8-oxygen function and results in a large steric deshielding of the H,, cyclo- 
propane proton. Furthermore, it was suggested that this deshielding effect could be 
used in assignment of configuration in 8-substituted tricyclo[3.2.1.02.4]octanes. 
Several exo, syn-8-substituted tricyclo[3.2.1.02*4]octanes which possess this fixed 
boat-like structural feature have been reported. 3*24b Unfortunately, in one of these 
reports24b the complete PMR spectrum was not given and in any event assignment 
may have been diffkult since the compound was mixed with an isomer. In the second 
publication,3 the PMR data are listed and there would appear to be no evidence 
suggesting steric deshielding of the H,, proton. The PMR spectra of the three 
compounds in question, exo, syn-tricyclo[3.2.1.02~4]oct-6-en-8-ol XVII, its acetate 
XXVI and exo, syn-tricyclo[3.2.1.02*4]octan-8-ol XXX, have therefore been re- 
examined. 

The exe, syn acetate XXVI has at best been obtained as a mixture with the endo, 
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syn isomer XXVII but apart from the PMR signal due to highfield cyclopropyl 
protons the signals are well separated and amenable to assignment. In contrast to 
the original assignments we believe that the signal at T 7.65 to be due not to the 
bridgehead protons of the endo, syn acetate XXVII but rather to the sterically de- 
shielded Ha,, proton of the exe, syn acetate XXVI. Relative intensities of the signals 
support this and also suggest the resonance of the bridgehead protons of the endo, 
syn acetate XXVII are coincident with the resonance signal due to the bridgehead 
protons of the exo, sya acetate XXVI at r 7-l. Support for these conclusions was 
obtained from an examination of the PMR spectra of homogeneous samples of each 
acetate prepared by acetylation of the corresponding alcohols XIII and XVII. The 
PMR data are presented in the experimental section. 

Similarly the other two exo, sjn derivatives XVII and XXX showed PMR signals 
which may be ascribed to the sterically deshielded HJ,, protons. For the exo, syn 
unsaturated alcohol XVII the PMR signal at T 7.18, originally assigned to the two 
bridgehead protons, was found to integrate for three protons and correspondingly 
the highfield multiplet integrated for only three protons. Unfortunately, the signal 
due to H,, at r 7.18 was only partially separated from the signal arising from the 
two bridgehead protons and further analysis was not possible. The PMR spectrum 
of the exo, syn saturated alcohol XXX integrated for only two protons under the 
signal at 7 9.2 and not three as originally recorded3 This signal appears as a doublet 
of doublets and approximates the Mz part of an AMIX type spectrum and may be 
assigned to the two equivalent tertiary cyclopropyl protons H, and H4 The X part 
of this pattern is ascribed to the one proton, doublet of triplets at 7 10-l which must 
be due to H3, because of the relatively large cyclopropane cis vicinal coupling 
constant (JJH;~nz(n,) = 7 Hz; -JH;.Hh = 6 Hz). The remaining cyclopropyl proton 
H311, which has a relatively small cyclopropane trans vi&al coupling constant 

~I,,HI(H.) = 3 Hz). resonates further downfield and is included in the multiplet at 
7 8.3 to 9.0 which integrates for five protons (2 x H,, 2 x H,, H& and not four as 
originally implied3 Thus it appears that these three exo, syn-8-substituted tricycle 
[3.2.1.02*4]octane derivatives do in fact exemplify steric deshielding of the H, proton 
by the 8-oxygen function. Three other examples, XIV, XX, and XXI were discussed 
in the previous section. 

For the sake of completion, mention should also be made of the recent demon- 
stration of the presence of a small but significant stereospecific long range coupling 
in endo-tricyclo[3.2.1.02~4]octd-ene (I) between the exe cyclopropyl methylene 
proton (H3x) and the bridge proton (Ha.) anti to the cyclopropane ring The existence 
of this coupling also promises to be of value in structural analysis of suitably sub- 
stituted tricyclo[3.2.1.02’4]octanes. 

EXPERIMENTAL 

All mps’and b.ps were uncorrected. Microanalyses were performed at the Australian Microanalytical 
Service, Melbourne. PMR spectra refer to CCl, solutions and were recorded using a Varian A-60 spectro- 
meter. Chemical shifts were measured on the r-scale relative to internal TMS Relative areas of signals are 
shown in brackets. Multiplicities ofsignals are abbreviated as follows: s = singlet, d = doublet, tr = triplet, 
etc. IR spectra refer to Ccl4 solutions, unless stated otherwise, and were recorded with a Perk&Elmer 337 
spectrophotometer. Preparative vapour phase chromatography was carried out using an Aerograph 700 
Autoprep. with the following column : 
0.25 in O.D. x 10 ft aluminium column packed with 15% Ucoa 54SHBBOO on non acid washed Chromo- 
sorb W @I/80. 
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1~23,~Tetrochloro-5Jdime~hoxycFlopenta-l,~iene. This was synthesiwd from hexachlorocyclopenta- 
diene and NaOMoMeOH USill8 the proccdurc of Yates and Eaton.y Distillation of the crude material 
gave a yellow liquid (85% yield), b.p. 78-82”/01 mm (lit’” 108-l lo”/11 mmb PMR spectroscopy showed 
the main signal at T 663 with an impurity signal at z 5.76. Assuming the impurity signal was due to the 
trimethoxy product, the distilled liquid was calculated to be 93% of the dimethoxy compound. 

1.5.6,7-~etrachloro-8.8-dimer~oxy-endo-rric)’rlo~3.2.1.0*~4~ocrd-e~ (II). The tetrachlorodimethoxy- 
cyclopentadiene (20 g) was dissolved in pet. ether (200 ml) and the soln maintained at 0”. Cyclopropene, 
generated by tbe method of Class," waa bubbled through tbe soIn, with the aid of a slow N, flow, for 10 hr. 
Depending on the efficiency of the cyclopropcne generator thi8 time varied. However, the progres of the 
reaction could be conveniently monitored by PMR spectroscopy. Evaporation of the solvent under 
reduced press @ve an oil from which the crude product crystallized. The crystals were collected and 
crystallized from MeOH to givt II (aOo/, yield), mp. 695-700” (lkz 70-71”). ,Found: C, 39.36; H, 3.34. 
Calc. for &-,H,,-,O,Cl.: C, 3945; II, 3*290/,); PMR: 637, s (2.95); 649, s (295); 8.21, d of d (1.83); 9G8, 
doftr(120);958,doftr(lG3). 

8,8-Dimethoxy-end~~n’cycIo[3.2.1.0’* ‘]octune (III). Compound II (IO g) was dissolved in a mixture of 
THF (25 ml) and tBuOH (4 ml). Tbe system was purged with N2 and Li (@7 gh which had been hammered 
into plates, was added and tbe mixture refluxed for 1.5 hr. The excess Ii was removed by decantation and 
the soln was poured into water (250 ml) The product was extracted into pentane (3 x 70 ml) and the pentane 
extract washed with water (3 x 40 ml) and drill (Na,SO,) The residue obtained after evaporation of the 
solvent was distilled under vacuum (10 mm) to give III (O-30 8; 55%) as a colourless liquid. (Found: 
C, 7144; H, 9.34. Calc. for C,,HlnO,: C, 71.39; H,9.590/.); PMR: 6.76, s (3.01); 6.85. s (341); 7.94. m (2.01); 
8.1 to 9.5. complex m (7.97). IR : 3065. 3025, 3020. 1032 cm- I, 

8,8-Dimothoxycndo-rri~ycloC3.2.1.0’.*]ocr-~ene (IV). Compound 11 (5-O g) was dissolved in a mixture 
of THF (65 ml) and t-BuOH (IO ml). The system was purged with NI and freshly cut Na (8.7 g) was added. 
The mixture was stirred and refluxed for 22 hr. The excess Na was removed by decantation and the soln 
poured into water (750 ml). The aqueous mixture was extracted with isopcntane (3 x 100 ml) and the iso- 
pentane soh washed with water (2 x 100 ml) and dried (Na$OJ. Evaporation of the solvent and distilla- 
tion of the residue gave IV (76% yield) b.p. 57-58”/2 mm. (Found: C, 72.10, H, 8.61. Cak. for CloH,~OI: 
C, 72.26; H, 849%); PMR: 4.38, tr (199); 6.84, a (395); 6.89, s (3-05); 7.25, p (1.91); &5 to S-9, m (2+09); 
92 to ?7, m (2G4) IR: 3055,3040,1040,662,682,712 cm-‘. 

lJ.6,7-Tetrochla~do-rrfryclo[3.2.1.~~’]octbm-8-one (v). Cone H#O. (25 ml) was cooled to 
- 10” and then added to a soln of II (54 g) in benzene (50 ml) in a separating funnel at 5”. The mixture 
wss shaken vigorously for 4 min and then run slowly into ice water (100 gj This mixture was partially 
neutralized by cautious addition of solid NaHCO, (21 gh then extracted with CH&l, (4 x 1oOml). 
The CH,CII soln was washed with watct (1 x 75 ml), dried (MgSOJ and then concentrated to about 15 ml 
when colourless crystals separated Separation of the crystals aIld recrystallization from ether gave V 
(3.5 8; 82x), mp. 9495” dec. (lit.’ 107-108” frothkg). (Found: C, 3746, H, 1.88. Cak. for CsH,OCl,: 
C, 37.20; H, 1+5x); PMR: 8.11, d of d (2.09); 8.85, d of tr (1.05); 9.70, d of tr (086); IR: 3060, 1855, 1835, 
18aJ1045 cm-‘. 

Decmbonylarion 4 1,5,~7-tencrchlorotndo-nicyclo[3.21.0’~*]oct-dm-8-one (V). A saturated ooln (ca. 
2M) of V in diglyme UXit&iItg bcnztnc a8 a PMR integration standard was sealed in an NMR tube and 
maintained at 41.5 f 01”. The progress ofthe reaction was monitored by chilling the reaction at appropriate 
time intervals and integration of the vinyl triplet at T 3% due to the product The PMR integrations were 
performed with a low tcmp probe at -20”. Within experimental error the decarbonylation (t+ = 230 hr) 
was quantitative. On a preparative scale, the tetrachloroketone (neat) was sealed in an ampoule and kept 
at loo” for f hr. Vacuum distillation of the crude product mve a clear liquid which solidilkd on standing, 
m.p. 645-65.5”. (Found: C, 36.52; H, 1.74. Calc. for C,H,Cl,: C, 36.70; H, 1.88%). The PMR spectrum was 
identical to that reported.’ 

cndo-~yclo[3.21.0’.*]octon-8-onc (VI) Compound III (@19 g) was dissolved in a mixture of THF 
(2.5 ml) and 3M aqueous petchloric acid (1.2 ml) and the soln allowed to stand at room temp for 3 hr. 
Water (la ml) was added and this aqueous mixture extracted with isopentane (3 x 60 ml) The isopentane 
aoln was washed with water (2 x 50 ml), dried (Na,SOJ and the solvent evaporated to give a colourless 
semi-crystalline residue (@l lb Preparative VPC (cot temp lao”) gave VI as very soft crystals, mp. 65-66” 
(lit.‘.’ 71-723 58-61’). (Found: C, 78.52; H, 844. Calc. for CsH,,O: C, 78.65; H, 8.25%); PMR: 779, 
m (2a); 8G to 95, m (em); IR: M65,3030,1825.1780,1770 cm-‘. 

On a larger scale tbe crude ketone waa purified directly by cryetallization from n-pentane. 
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cnd~-l)icycio[3.2.l.~~‘]octbm-8-one (VII) Compound IV (2.3 g) in THF (10 ml) was added to a pre 
cooled sobr of 3M aqueous perebloric acid (20 ml) and THF (30 ml) at - 5” and the resulting mixture kept 
at - 15” for 4 br. Tbe soln was neutralized with solid NeHCOs and then extraetd witb ether (4 x 100 ml) 
The ethereal sobt was washed with sat NasCOsaq (1 x 50 ml), water (I x 50 ml) and dried (MgSO& 
The solvent was evaporated under reduced press et 0’ to yield a rolid wbicb alter aystallixation (3 times) 
from cold n-pentane gave VII (08 g 5@/& mp. 30.%31”. notioe&k bubbling at 35” (lit.’ 32-32.5”). Since 
this ketone undergoes faeik deoarboaylation no mieroanalytiad data was obtained. PMR: 393, tr (2a); 
683, p (2m); 847, m (2.12); 9+l9, d of tr (C??ti); 962, d of tr (@92) First-order analysis gave 
J H,.H1r = J H,.IMW = 7 and JH,.HI(H,) = 4 Hz IR: 3065, 3&S, 3015, 1860, 1824 1780, 1040, 692, 646, 
604em-i. 

~ec~~yl~~ ofendo-~icyctO[3.21.o’~~]ocrben-8-ono (VII) The progress oftbis reaction was moni- 
tored in the same manner as described above for the tetracbloroketone. At 400 f 01” the decarbonylation 
in diglyme was quantitative (t, = 1.13 br) For preparative purpom the neat ketone was kept et 80” for 
15 min. VPC (~01. temp 115’) of the crude product showed only one component wbicb WSD collected and 
sbown to be identical (PMR and IR) to tropilidcne. 

endo-7h’cycIo[3.2.l.~~*]octan-8-one tosylhydrazone (VIII). Compound VI (@16 g) was dissolved in a 
mixture of EtOH (8 ml) and ptoluenesulpboayl bydmxide36 (@30 g). Tbe soln was refluxed for 15 min and 
then the solvent was evaporated under reduced press Tbe semi-crystalline residue was triturated with 
MeOH and the resulting solii erystallixed from MeOH to give VIII (@16 g 420/,X m.p. 172-173O. da: (cap.). 
(Found: C. 61.84; H, 6.41; N, 9.39. Calc for C,,H,sO,N,S: C 6204; H 6.25; N, 9.65%). 

Reduction of end~~icyclo[3.2.1.0~.4]0ctmr-8-ono zosykydrazow (VIII). Sodium borobydride (@3 g) 
was added to a sobr of VIII (011 g) in dioxane (7 ml) The mixture was refluxed for 50 min during which 
time the condenser outlet was eonneeted to a liquid air cooled trap. Volatile material in the trap and the 
condenser was rinsed back into tbe twietion mixture with isopentane (5 ml). The mixture was diluted witb 
water (20 ml) and tbe isopentane extract separate& The aqueous phase was extra&d with furtber iso- 
pentnne (1 x 5 ml) and the combined isopentane extreu was washed with water and dried (NalSO,). 
Preparative VPC (~01. temp 90”) gave IX as soft crystals. Tbe product gave IR spectrum and VPC retention 
time identical to the saturated hydrocarbon described below. 

endo-Tricycto[3~l.0z~4]oct-6-ene (I) This was prepared from eyclopentadiene and eyclopropenc 
using the procedure of Closs and Rrantx. I’ Tbe crude produet was purilied by preparative VPC (col, 
temp 115”). As collected, the trieyclic olelln, mp. 30-31” (lit. i5*16 3&31”, 30-32”) was shown to be >99”/0 
one peak on analytical VPC. The PMR spectrum of I was identical with that rep~rted.‘~ 

endo-Tricycfo[3.Z1.02~~]octone (IX). Compound I was hydrogenated with PtOx in THF. After uptake 
of an equimolar amount of H, the catalyst was removed and tbe soln dilutedwith water. The product was 
extracted into pentane and the pentane sobr was washed with water, dried and partially evaporated. 
ReparativeVPC(col.temp90”)gaveIX.(Found:C,8~84;H,l1~18.Calc.forCsH,,:C,8~82;~fl~180f,); 
IR : 3050,3005,2995,1030 em- ‘. 

12,3,~Tetrachloro-7,7-dim~xynorborM-2,5-die~ (XV) ‘Ibis was prepared aeeording to Mackenzie.2s 
The purified product gave mp. 5355” flit. ‘* 54-55”). PMR spectroscopy showed two signals at t 347 
and 6.45 in the ratio of 2 : 6. 

1,5,6,7-Tetrachlor~8,8dit~xy-qxo-hicyc~o[3.2.1.0’~‘]0ct-6-ene (XIV). Despite considerable experi- 
mentation, XV failed to show evidence (PMR) of reaction with diaxometbane in the presence of cuprous 
bromide. The diene XV was also unreactive to Siions-Smith an&ions. Unchanged reactant was 
isolated in all cases. Pbotolytic decomposition of diaxomethane in the presence of XV gave the desired 
product in low yield. 

The diene XV (8@ 9) was dissolved in an ethereal soln of excess diarometbane. The sobt wws irradiated 
with a 100 W globe until the diimetbane eolour bad disappeared, ‘Ibe solvent was evaporated and tbe 
residue cbromatograpbed on neutral alumina(500 g). Elution with pet ether gave a liquid fraction (@4 g; 
48%) which after vacuum distillation gave XIV as a eolourless oil. (Found: C, 3968; H, 3-47. Calc. for 
C,,H,,02Cl,: C, 39.45; H, 329%); PMR: 6.39, s (301); 6.53, s (301); 6.80, d of tr (@99); 8.10, m (1.92); 
8.7, d of tr (1.07). 

exo-Tricyclo[3.2.1.0f*4]oct-6-en-8-on (XVI). Compound XVII was preparcd according to tbe published 
procedure.” To a som of tbis alcohol (16 g) in aatone (50 ml), Jones reagent (6 ml) was added all at once. 
Tbe mixture was swirled for about 20 set and then poured into water (500 ml) The aqueous mixture was 

immediately extracted with pentane (3 x 170 ml) and tbe penmne sobt wasbed with water (1 x 30 ml) and 
dried. Evaporation of tbe solvent and preparative VPC (001. temp lzo0) of tbe liquid residue (1.2 8) gave 
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XVI as a colourless liquid. (Found: C, 7995; H, 6.71. Calc. for CsHsO: C, 7956; II, 695%); PMR: 3.18; 
tr (1.98). 702 partially resolved m (1.98); 8.59 broad q (204); 8.89 partially resolved m (2.00); IR 3062, 
3036, 1850.1815. 1790, 1785, 1035,680,632,605 cm-‘. 

In another run a mixture3 of XVII and XIII was oxidixed under the same conditions. The exe-ketone 
XVI was obtained free of any en&ketone VII since the latter decarbonylates to tropihdene during work up. 

Several attempts to obtain the dimethyl ketal of exe-tricycle [3.2.1.0s~4]c&6-eng-one gave only 
recovered ketone. Attempts to prepare XVI via MnO, oxidation of XVII gave only tropihdene. Pre- 
sumable the MnO, functions as a very efficient catalyst for decarbonylation of XVI.* 

endo,anti-ondendo, syn-Tricyclo[3.2.1.02~4]0~ratr-8-oIs(X)aad(XI). A soln ofVI(l2g)in MeOH (lOOmI) 
was added dropwise over a period of 15 min to a stirred mixture of NaBH, (90 g) and MeOH (60 ml) at 0”. 
After the addition was complete-, the mixture was stirred for an additional 3 hr at room temp. The reaction 
mixture was stirred with sat NH,CIaq and then extracted with ether (5 x 200 ml). The ethereal soln was 
washed with water (2 x 100 ml), dried (MgSO,), and then evaporated to yield a white solid VPC of the 
crude product showed the presence of two alcohols (1: 1) The alcohols were separated by preparative 
VPC (col. temp 140”). Compound X after crystallization from n-pentane gave m.p. 1385-139” (lit.1*2 
136138”. 137-139”). (Found: C, 7696; II, 9.72 CaIc for CsH,,O: C, 77.35; H, 974%); PMR: 5.98, 
broad s (092); 7.10, s (@98); 797, m (1.96); 8.1 to 9.6, broad band (8.14); IR: 3630, 3070, 3030, 3008, 1070, 
1055, 104Ocm-i. Compound XI after crystallization from n-pentane gave m.p. 131-131.5” (lit.1*2*3 128- 
130”, 125127”). The PMR spectrum was identical with that rep~rted.~ IR: 3630,3595,3075,M20,3010, 
1070,1055,1045,1040cm-‘. 

Reduction of VI with LAH in ether gave the epimeric X and XI in the ratio 33 : 67. 
endo, anti- and endo, syn-Tricyclo[3.2.l.O’*‘]oct-Cen-8-ols (XII) and (XIII). Compound VII (@65 g) 

was dissolved in MeOH (30 ml) and this soln was added dropwise to a magnetically stirred suspension of 
NaBH, (2 g) in MeOH (20 ml) at 0”. The mixture was stirred for a further 3 hr at 0” and for 1 hr at room 
temp and then decomposed with sat NH,Claq. The product was extracted into ether (4 x 100 ml) and the 
ethereal soln washed with water (2 x 100 ml) and dried (MgSO,). Evaporation of the solvent gave an oil 
which by VPC analysis consisted of two components (XII and XIII in the ratio 25:75). The two com- 
ponents were separated by preparative VPC (col. temp 140”). The endo, syn alcohol XIII was crystallixed 
from n-pentane, m.p. 63-65” (lit.3 6062”). The PMR spectrum was identical to that rep0rted.s IR : 3630, 
3590, 3060, 3020, 1045, 865, 67Ocm-‘. VPC collection of the endo, anti unsaturated alcohol XII was 
comparatively inefficient since this isomer was volatile and hygroscopic. After collection the crude solid 
was sublimed (once) at atm press to give an analytical sample? of XII. mp. 75-76”. (Found: C. 78.42; 
H, 8.32, Calc. for CsHiOO: C, 7865; H, 825%); PMR: 419, broad partially resolved tr (2.08); 6M, broad 
s (@95); 7.10, broad p (2G8); 732, s (0.98); 8.73, m (1.96); 9.73, m (1.96). IR: 3625, 3575, 3065, 3035, 1045, 
655 cm-‘. 

LAH reduction of VII at 0” gave the same two alcohols: (XII; 14% and XIII; 86%). Reduction with 
LAH at room temp for 3 hr gave a mixture of X (14%) and XIII (86%). 

exo,exo-Tetrocyclo[3.2.1.0’~406~8] nonan-9-one (XIX). A mixture of XVII and XII and the diadduct alcohol 
was prepared according to the published procedure3 except that excess diaxomethane was used in order 
to optimize the proportion of diadduct alcohol. The mixture was oxidized in the same manner as described 
above for the preparation of XVI. Preparative VPC (col. temp 150”) gave XIX (30% yield based on 7- 
norbomadicnyl acetate) as a clear liquid. (Found: C, 8036; Ii, 7.62 Calc. for C,H,,O: C, 8056; II, 
7.51%); PMR: 7.87, s, W, = 2.5 Hz (199); 848, d of d (3.98); 9.32, d of tr, and 9.57, d of tr (combined 
relative area = 41)l). First order analysis gave Ju,.u,. = Ju,_u,. = 7, J -.I HIIHIIHI) - -4and H,.&lH.) - 
J -J HI.HIW.1 - - 7 Hz; IR: 3060.3025, 1850, 1775, 104Ocm-‘. H7.HsiHd - 

exo,exo-Terracyclo[3.3.1.0t*‘.06~s]norum-9-01 (XX). A mixture of XIX (430 mg), ether (40 ml) and LAH 
(700 mg) was retluxed for 4 hr. After decomposition with sat Na,SO,aq, the reaction mixture was extracted 
with ether (3 x 60 ml). The ethereal soln was washed with water (1 x 60 ml), dried (Na,SO,) and evapora- 
ted to yield a crystalline’solid (410 mg) which after crystallization (twice) from n-pentane gave Xx. m.p. 
60-61” (lit3 6163). (Found: C, 79.22; H, 8.66. Calc. for C,H,,O: C, 79.37; H, 8.88%); PMR: 6.72, broad 

l Analogous results have been obtained with MnO, oxidation ofthe bridge alcohol of 1,6methanocyclo- 
decapentaene.37 In this instance, however, the intermediate ketone is apparently too unstable to be obtained 
by alternative oxidative methods. 

t The analytical sample was obtained in these laboratories by Bruce C. Henshaw. 
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s, W, = 5 Hz (@97); 7.53, sharp s, OH (11)2); 7.76, s, W, = 3 Hz (203); 803, d of tr (@97); 890, m (506); 
9~70,doftr(1~94);1R:3620,3610(sh),3060,1110,1040cm-‘. 

Preporation of exo, undo-tetrocyclo[3.3.1.~,*.06,*] nonnn-syn-9-ol (XXI). A mixture of XII and XIII, 
(8a g) obtained by Li ammonia reduction* of VII, was dissolved in aohyd ether (150 ml). Zn Cu couple3s 
(30 g) was added and the mixture stirred whilst CHI12 was added during 15 min. After the initial reaction 
had subsided the mixture was refluxed for a further 11 hr. Isolation in the usual manner atlorded a dark 
coloured oil (8.5 9) which was distilled under vacuum The distillate was dissolved in o-pentane (30 ml) 
and then washed with AgN03 aq (5 x 20 ml), water (2 x 20 ml) and dried (Na,SO.,). Evaporation of the 
solvent gave an oil (1.85 g) which was chromatographed on 10% AgNO,-Woelm basic alumina (100 g). 
Elution with 10% ether in peotane gave a solid fraction Chich after crystallization from n-peotane yielded 
XXI (13Omg), m.p. 815-82”. (Found: C, 7948; H, 8.85. Calc. for &H,,O: C, 79.37; H, 8.88%); PMR: 
6.34, broad s (097); 700, s, OH (@97); 7.78 broad s, W, = 6 I&(194); 8.50, d of tr, J,, = 5, JuI, = 3.5 
Hz (la); 8.65 to 925, m (3.11); 9.25 to 102, m (4a2); IR: 3630, 3075, 3025, 3010, 1070, 105Ocm-‘. 

The aqueous AgN03 washings after decomposition tvith cone NH,OH gave a solid (3.1 g) which by 
PMR spectroscopy was shown to be a mixture of, XIII (ca. 90 %) and, XII (ca. 10%). 

Prepmution of exo, eodo-tetrucyclo[3.3.1.0z*4: 06.‘] rwnan-9-one (XXII). Jones reagent (@7 ml) was 
added to asoln of XXI (50 mg) in acetone (15 ml) and the mixture swirled for ca. 20 to 30 set and then 
poured into water (150 ml). The aqueous solo was immediately extracted with ether (3 x 50 ml) and the 
ether extract washed with water (2 x 20ml) and dried (Na,SO,). Evaporation of the ether gave a low 
melting solid (40 mg) which was crystallized from cold n-peotane to give XXII, m.p. 2628”. (Found: C, 
8@68; H, 7.63. Calc. for C,H,,O: C, 8@56; H, 7.51%); PMR: 765, broad s, W, = 7 Hz (2.09); 8.5 to 
9.9, m (7.91); IR: 3070,3060,3035, m, 1830,1775,1760, 1040,1035. 

PMR spectra ofexo. syn-8-acetoxytricyclo[3.21.0’ 4]oct&ene (XXVI) and endo, syn-8-acetoxytricyclo 
[3.2.1.02**]ocr-6-ene (XXVII). Homogeneous samples of XIII and XVII were prepared according to the 
published procedure3 and each alcohol was converted to the corresponding acetate with A@-pyridine. 

PMR: XXVI: 3.58, tr (1.95, vinyl); 605, broad s (@95, CHOAc); 7.05, broad m (1.95, bridgehead); 7.75, 
m (1.05, H,,); 8.07, s (3.05, CH,CO); 895, m (3a5, remaining cyclopropane protons). 
XXVII: 4.28, tr (2.00, vinyl); 5.58, broad s (095, CHOAc); 7.15, broad m (1.95, bridgehead); 8a2, 
s (395, CH,CO) ; 8.63, m (2.02, two cyclopropane protons); 9.32, m (202, two cyclopropane Protons). 
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