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STUDIES ON BICYCL0[3.3. IINONANES-II 

TRANSANNULAR HYDRIDE SHIFTS IN BRIDGED BICYCLES 

R. A. APPLETOS, J. R. D~xos, J. M. EVANS and S. H. GRAHAM 
The Edward Davies Chemical Laboratory. Abcrystwyth 

(Receiwd 13 June 1966) 

Abstrrt-Forrnolysis of bicyclo[3,3.1 jnonan-2/1,3&oxidc and of 7/t-methylbicyclo[3.3.1~nan- 
2@,3&oxide gives rise IO products formed via transannular hydride shifts. No hydride shift has 
been observed in ionic reactions of [3.3.l]bicyclcs which carry oxygcna~cd functions at C,. 

CARBONIUM ions derived from medium-sized rings are characterized by their tendency 
to undergo transference of hydride ion across the ring1 The bicyclo[3,3,l]nonane 
ring system has structural features in common with the unbridged medium-sized 
rings in as much as it is subject to serious steric strains. It has been shown*+ to exist 
as a double-chair conformation, and X-ray diffraction has shown the bond angles 
(except for q, C,, and C,) to be 114” (average value). This deformation of the rings 
allows the a-protons on Ca and C, to move further apart and thus minimizes the 
trans-annular strain. These strains should largely be relieved in bicyclo[3,3,1]non-3-yl 
carbonium ions and it would be anticipated both that such ions should be formed 
with particular ease, and would give products formed via trans-annular hydride 
shifts, as in the case of analogous unbridged ions. Recently a preliminary account of 
hydride transfer in a bridged bicycle was published,& and similar hydride shifts have 
also recently been observed in the course of synthesizing certain alkaloids.6.7 We now 
publish a full account of our investigations. 

One of the typical experiments which demonstrated the occurrence of hydride 
shifts in monocyclic systems was the formation of non-vicinal dials, and of enols 
other than &enols, in solvolytic opening of epoxide rings.a We therefore examined 
the effect of formic acid on bicyclo[3.3.1]nonan-2P,3,$oxide, (I), and on 7B_methyl- 
bicyclo[3.3.1]nonan-2/?,3B_oxide, (II). From the latter was obtained a single product 
(GLC on tritolyl phosphate) the IR spectrum of which showed the absorptions of a 
trisubstituted ethylene (at 818 and 3004 cm-l) and a formate ester (1182 cm-r). 
The alcohol obtained on hydrolysis analysed for C,,H,,O, its PMR spectrum indicated 
the presence of allylic methyl (at ~8.33). axial secondary hydroxyl (at 6.20, too narrow 
to include any a,a coupling), and one olefinic proton. In addition, chromic acid 
oxidation of the alcohol gave a ketone, or mixture of ketones, the IR and UV spectra 

1 For rcvicw see J. Sichcr. Progress in Sfereochemisrry (Edited by P.B.D. & la Mare and W. Klync) 
Vol3, pp 243-246. Butterworths, London. 
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* W. A. C. Brown, K. Eglinton. J. Martin, W. Parker and G. A. Sim, Proc. Chem. Sbc. 57 (1964). 
* W. A. C. Brown, J. Martin and G. A. Sim, 1. Chem. Sot. 1844 (l%S). 
’ R. A. Appleton and S. H. Graham, Chem. Comm. 297 (l%S). 
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of which showed no olefiniccarbonyl conjugation. Assuming no skeletal rearrange- 
ment, a reasonable assumption in the light of the other experiments to be discussed, 
the formolysis product of II must be VI (X = OCHO) or VII (X = OCHO). No 
decision between these structures is possible and the material might well be a mixture 
of them, but it showed none of the normal signs of inhomogeneity, and we were able 
to resolve the analogous mixture III (X = OH) and IV (X = OH) on vapour phase 
chromatography. 

I.R-H III, R - H IV, R - H V 

II, R = MC VI, R - Me VII, R - Me 

Formolysis of I gave a mixture of products which could be separated, after 
hydrolysis, into en01 and dial fractions by steam distillation. The enol fraction 
comprised three substances in the ratios 46:46:8. Chromic acid oxidation of the 
mixture gave a ketone mixture which contained both conjugated and nonconjugated 
olet%c ketones. Oxidation with manganese dioxide gave a small amount of, mainly 
conjugated, ketone and a mixture of only two enols (TLC). Hydrogenation of the 
mixed enols gave only bicyclo[3.3.l]nonan-2/?-c& and oxidation (CQ) gave two 
ole6nic ketones (TLC) which showed no oletinic-carbonyl conjugation (IR spectrum). 
These enols must therefore be III (X = OH) and IV (X = OH), the minor component 
being V. 

The dial fraction isolated after hydrolysis of the formolysis products of I consisted 
of two main components (TLC), a third was present in very small amount. Neither of 
the main components was the 2fi,3Bdiol VIII, a pure sample of which was prepared 
by osmic acid oxidation of bicyclonon-2-ene (it had the same R, on TLC as the minor 
component of the diol fraction). Neither of the dials reacted with lead tetracetate, 
neither formed an isopropylidene ketaI (differing from the 2/?,3@-diol in both respects) 
but one was oxidized by periodate ion and, from the periodate consumed, it constituted 
34% of the mixture (GLC analysis gave 40% of this component). This one is re- 
garded as being the 2/3,3adiol IX, produced by normal rranrdiaxial opening of the 
epoxide ring. After destruction of the vicinal diol with periodate the major component 
of the dial fraction was obtained in a state of purity. No evidence as to structure could 
be obtained from the PMR spectrum. An attempt was made at selective oxidation to 
a hydroxyketone since the C,OH of a 28,7/?diol (the product to be expected via a 
hydride shift)should be relatively resistant to oxidation because of its heavily sterically 
hindered z-proton. Model experiment on 2&and 3B_hydroxybicyclononanes have shown 
that the former can be oxidized selectively in the presence of the 1atter.g In fact chromic 
acid oxidation of the dial led to the unsaturated ketone X. This could obviously be 

’ C. Egan and S. H. Graham, to be published. 
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formed from a number of precursor dials, including XI (by a mechanism which would 
include a further hydride shift from C, to C$) and its formation give no information as 
to the structure of the diol save to cc&t-m that no skeletal rearrangement has taken 
place. While it is not possible to exclude absolutely the possibility of diquatorial 
opening of the epoxide ring, it seems to be unlikely in the present case. Equatorial 
opening of epoxidc rings in sugars has been observed, but only as a very minor process 
competing with diaxial ring opening. lo In the aluminohydride reduction of the 
transsxide of 4-t-butyl-I-methylcyclohexene 68% of (axial) secondary alcohol is 
produced as against 32 % of (equatorial) tertiary alcohol, despite the known tendency 
of the reagent to attack secondary carbons. l1 The standard example of diquatorial 
ring opening is the conversion of 28,3/?-epoxylanost-8-en to 2a-bromolanost-&en-3/l- 
01.‘: In this case, however, a ready explanation of the anomaly is found in the 
probable conformation of ring-A of the epoxylanostene as a half-boat. In the 
absence of any equivalent steric condition, it does not seem that serious amounts of 
products arising from a diquatorial opening of the epoxide ring are to be anticipated, 
and one of the two diols produced in the reaction must bc non-vicinal. We are 
attempting to synthesise the diol XI to test the correctness of this conclusion, and are 
also investigating other ring opening reactions of I to determine if the Furst and 
Plattner rule applies rigidly to them. 

The percentages of enol(38). vicinal diol(24) and non-vicinal diol(36) formed are 
somewhat different from those (33.3, 13.3 and 53.3 respectively) reported by Cope 
for formolysis of cis-cyclooctene oxide. is In the cyclooctane series both I,3 and 
1,5-hydride shifts occur, the principal enol (3_cycloocten-l-01) being formed almost 
exclusively via the latter, but non-vicinal diol being formed via both routes.” In the 
bicyclononane series only the equivalent of the l$hydride shift is possible, and the 
production of rather more enol, and appreciably less non-vicinal diol is easily under- 
stood. The small amount of allylic alcohol (8% of the cnol fraction, somewhat 
more than that found by Cope”) probably reflects the fact that the developing axial 
hydroxyl on C, will hinder solvent approach to C,, leading to almost exclusive proton 
abstraction from C, and C,,. The vicinal diol formed in these reactions is regarded as 
resulting from concerted ring opening and solvation.ia It might therefore have been 
expected that less vicinal diol would have been produced from I, as the second ring 
should hinder solvent approach to C,: this does not seem to have been the case. 

HO’ 

VIII DC X XI 

” F. H. Newth, Quurr. Rev. 13,42 (1959). 
I1 N. A. La BeI and G. G. &kc,/. 0~. C&m. 30.4316 (1965). 
I9 D. H. R. Barton, D. A. Lcwia and J. F. McGhic, /. Ckm. Sot. 2907 (19S7). 
” A. C. Cope, 1. M. Grisar and P. E. Peterson, /. Am. Chem. SM. 81, 1640 (1959). 
lb A. C. Cope, G. A. Bmhtold, P. E. Petaxon and S. H. S~UIUM,J. Amer. Ckm. SC. 82.6366 (1960). 
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s~-Bicyclo(3.3.1]non-2-en-9sl XII and its oxide have been prepared.15 Action 
of formic acid on this oxide, followed by hydrolysis gave a siogle product analysing 
for qH,,08, which was not the 2/?,3/?,9-trio1 (prepared by osmic acid oxidation of 
XII). After preliminary mild oxidation with chromic acid, the product reacted with 
periodate, and the trio1 is therefore formulated as XIII. Its production at first 
suggested the interposition of an ion such as XIV. Such delocahsation has been 
observed in Qmethoxycyclohexyl carbooium ions.i6 The oxide of the epimeric 
alcohol XV (most conveniently prepared from a mixture of XII and XV) gave a 
single product, analysing as C,Hi,O,. It took up one molecule of hydrogen to give 
the diol XVII (an authentic sample was prepared by LAH reduction of the oxide of 
XV), and on oxidation gave an unsaturated diketone with one conjugated carbonyl 
group. On oxidation with magnanese dioxide a monoketone with conjugated carbony 
group was isolated: the dial is therefore formulated as XVI. The formation of trioI 
from one oxide and of endiol from the other may well be explained by the inter- 
position of ion XIV in the first reaction. However, the failure to observe any trans- 
annular hydride shift in the second formolysis cannot be explained, unless the C, 
hydroxyl (axial with respect to the second ring) more effectively blocks approach of 
solvent to the axial protons on C, and C,, than does the developing C1 hydroxyl the 
approach of solvent to C,. If this were so, then preferential loss of proton from C, 
could readily be understood. 

XII. R : H XIII 

XVIII. R = Me 

HO&_ HOQH 

XV, R - H XVI 

XIX, R - Me 

H9 “-3 . .4 ‘: 

Y OH 

XIV 

OH 
HO 

I 

% 
\ 

: 

.----_ 

XVII 

Although only such speculative explanations can be offered, it seems to be a 
general rule that transannular hydride shifts are not observable when C, is oxygenated. 
Both the syn (XVIII) and onfi-epimers (XIX) of 7B_methylbicyclo[3.3.l]non-2-en-9-ol, 
and the related g-ketone could be recovered unchanged, except for esterification of the 

I* J. R. Dixon, S. H. Graham and D. 0. Lewis, to be publihd. 
“D. S. Noyceand B. N. Bartian,I. Amrr. Ckm. Sot. 62, t246(1%0). 



Transannular hydride shifts in bridged bicycles 809 

hydroxyl groups, after being refluxed with formic acid, and the composition of a 
mixture of XII (19%) and XV (81%) was unchanged by similar treatment. In the 
first three cases the starting materials (disubstituted ethylenes) could not have been 
of lower energy than the products (trisubstituted ethylenes). As for XII and XV, 
Le Be1 and Spurlock” have shown that the syn epimer of the bicyclo[3.2.1]oct-2-en- 
8-01s (corresponding to XII) is in fact of higher energy than the anri. However we 
have equilibrated XII and XV and the equilibrium composition (55% XII and 45% 
XV) shows that, while AF(e --, a) for cyclohexanol is only slightly greater than for 
Qcyclohexenol, no hydride shift can have taken place during the attempted formic 
acid quilibration. The difference between the equilibria observed for bicyclo- 
octenols and for bicyclononenols is a reminder that the steric interaction between a 
substituent on cyclohexane and a cis-vicinal methylene group is markedly dependent 
on the orientation of the latter. It is of interest to note that a transannular hydride 
shift has been observed in a hydroxy substituted bridged bicycle,6 but the hydroxyl 
was attached to a bridgehead carbon. The apparent necessity of a C, methylene in 
order to realise a transannular hydride shift might tend to suggest that such shifts as 
are observed do in fact occur via the bridge, C, - C, C, - &. However, the hydride 
shift real&d with II and the earlier reported isomerization of 7/?-methylbicyclo- 
noneneP cannot be reconciled with this explanation: the configuration of the methyl 
group has been solidly established and precludes the possibility of a C, - C, shift. 
Nor would C, --, C, shifts seem reasonable for the epoxides I and II, where again the 
oxide ring must necessarily be cis to the bridge: they could not occur in concert with 
opening of the oxide ring, as they do in monocyclic systems and almost certainly in 
bicyclic systems as well. 

EXPERIMENTAL 

7/J-Me1hy/~icyc~o[3.3.1 ~nu~2/I,3j?-oxi~e (II) 

To a srirrcd imeld soln of 7/&ncthylbicyclo[3.3.1 ]non-2cnc1° (42) g) in dry ether (20 ml) was 
added dropwisc a soln of monopcrhpthalic acid (7.1 g) in ether (40 ml) during 20 min, and the mixture 
kept at room tcmp for 4 days. After extraction wirh NaHCO,aq (2 x 50 ml). water washing and 
drying (MgSOJ. solvent wan removed and the residue distilled to give the ox&& II (3.47 g. 78%). 
b.p. 82-82~5”,8mm. nz 14860. (Found: C.79.30; H, lla. C,,H,,O requires: C, 78.90; 
H, lO%O%.) 

Formolysis of 7/?-nwthylbicycfo[3.3.1 ~nat4.3&oxi& (II) 

A soln of II (10 g) in 98% formic acid (5 ml) was kept at room tunp for 2 weeks, then poured 
into water (30 ml). neutralized with solid Na,CO,. and ether extracted (4 x 15 ml). Removal of 
solvent after drying (MgSO,) kft a liquid (@92 g), b.p. 107-108”/8 mm, nz 1.4979. This was 
homogeneous [GLC on tritolyt phosphate (TTP) at 118”] and had a-ions at 818, 1182 and 
3004 cm-‘. It was immediately hydrolysed by refluxing a sample (042 g) with 4N NaOH (20 ml) 
and McOH (2 ml) for 3 hr. Ether extraction of the cooled mixture gave the III or IV (0.35 g), 
b.p. 113-115”/8mm,m.p.44-W. (Found: C,78.4;H,10.SC,,HI,0rcqclireS: C.78.9; H,l@6%.)-& 
PMR spectrum showed a 3-proton singkt at z 8.33, a singleproton multiplet at T 6.20 (We, 6 c/s), 
and a singk-proton multipkt at T 4.55. 

Oxtirion o/ uicohol III or IV. The alcohol (0+32 g) in ether (IO ml) and sodium dichromate 
(0.85 g) and cone H,SO,. (08 ml) in wa(or (4.5 ml) were stirred at room tcmp for 4 hr. The ether 
layer was separated, the aqubou~ phase extracted (3 x 10 ml). the combined extracts washed (water, 
NaHCO,aq) and dried (MgSOJ. Evaporation of solvent left a colourless liquid (0.19 g, 60%). 
b.p. 106’/9 mm, IR absorption at 1710 cm-l; UV 1 ~IIIU 301 m/r, c max 148 (04044 molar in hcxane). 

I’ N. A. Lc Bcl and L. A. Spurlock. TerrWron 20, 215 (1964). 
a’ R. A. Appleton and S. H. Graham, to be published. 
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Formoiysi~ of syn-94yfkoxybi9&[3.3.lJnonan-~: 3/?-oxi& 

The oxide (13 g) and 85% formic acid (SO ml) WQC rcfluxbd for 30 mio, cookd poured into 
water and extracted with hf. After waabing the cxttzts (water. NaHCO,aq), the chf was evaporated 
and crude formate ester boikd with KOH (6.5 g) in EtOH (40 ml) for 8 hr. Evaporation of the 
bulk of the EtOH. dilution witb water and ether extraction gave, after evaporation of solvent, 
blcyclo[3.3.lInoMn-2B,3a-9-rrlo/. purilkd by sublimation at 8O”/lS mm, m.p. 197’. (Found: C, 
624; H, 9-70. C,HI,OI requires: C. 62.76; Ii, 9.43 %.) 

BIcyclo[3.3.1~~n-~,3~,9-rrbl. The alcohol XII (0.5 g, was added to osmic acid (1 g) in ether 
(lOml)andpyridine(lml): aner24hrthecrystallinecompkxwas~tatddT,andslirrtdwith5% 
NaOHaq (80 ml), mannitol(10 g) and chf (20 ml) for 6 hr. The chf solo wa_s washed (HCI, water) 
and dried (MgSO,) and evaporated to give the r&l (0.22 g, 32’/@, m.p. 19s’. deprusui on admixture 
with the trio1 from the formolysis. (Found: C. 6341; H, 9.55. C,H,,O, requires: C, 62.76; H, 
9.43 %.) 

Ox&r&n o/ rrfof from formofysis. The trio1 (03 g) in ether (15 ml) was strircd with sodium 
dichromate (@9 g), cone H,SO, (19 ml), and water (10 ml) at room tcmp for 8 hr. The ether phase 
was washed (water) dried (MgSO,) and evaporated. The crude oxidation product (@Ug) was 
allowed to stand at room temp with @llN potassium periodate soln (100 ml) and 2N H&O, (10 ml). 
Excea of KI was added. titration with standard thiosulphate showed 95 ml 011 N KIO, had been 
consumed (81% of theory). 

Formolysb of b&y&3.3.1 bnan-2&3&oxi& (I) 

A soln of the oxid&’ (3 g) in 90% formic acid (90 ml) was stirred at room tanp for 2 days (at 
rcflux tanp decomposition oaurred). Solvent was evaporated at room tanp and the ruidue boikd 
with 30% NaOHaq (40 ml) under rdlux for 2 hr: steam distillation of tbc mixture gave a fraction (a) 
(094 g), and extraction of the cooled alkaline liquor with chf (2 x 100 ml) gave, after the usual 
washing and drying a second fraction (b) (1.55 g). 

Eromlnorfon of/roclion (a). The IR -rum showed abwrptionr at 3623 cm-’ (OH) and 3029 
cm-l (disubstitutcd ethylene). Hydrogenation of a portion (@S @ in EtOH soln over Ft gave 
bicyclononan-2/3-o& m.p. 169” uodcpruscd on admixture with an authentic sample”. Fraction (a) 
(0.1 g) in ether (25 ml) was stirred with 5 ‘A chromic acid (10 ml) for 4 hr. After the usual work-up 
the oily mixture of ketones showed IR absorption3 at 1712 and 1678 cm-‘. Fraction (a) (0.8 g) in chf 
(loo ml) was stirred with &ctive Mno, (10 g, y.‘l for 12 hr at room temp. After filtration and cvapora- 
tion of solvent the mixture comthtul of two alcohols (cacb SS*S”%) and a ketone (9%). (GLC on 
tritolyl phosphate at 120”). The components wen separated by chromatography of a petrol soln 
on alumina to gin ketone @O7 g) and alcolrolc (@7 g). (Found: C, 7843; H, 1017. C,H,,O 
requires: C. 78.25; H. 1@140/,) The alcohol fraction comprised two componcnu (TLC on alumina, 
ether as developer) Oxidation of a portion with chromic acid m above gave a mixture of ketones 
which showed IR absorption only at 1712 cm-* in the carbonyl region. 

Exuminarfon offrucrbn (b). This showed IR absorptions at 3590 and 3401 an-’ but no aboorptions 
chamctcristic of oktlnr: it showed two spots oo TLC (alumina, developed with &OH), and three 
components (2, 58 and 400/d on GLC (fluorosilicone at 160”). Fraction (b) (1 g). was stirred in 
solution in O-1N potassium peziodatc aoln (loo0 ml) and 2N H,.SO, (100 ml) for 24( hr. Back titration 
of a 25 ml aliquot showed 633 ml of periodate had ban con~umul corresponding to 34.7 % of vi&al 
diol in the mixture (GLC oo Buorosilkonc at 160” showed 42 % adiol). The mixture was concentrated 
h LUCYO to about 200 ml, wurated with common salt and utractcd with chf(3 x 100 ml). Enpora- 
tion of solvent after washing and drying kft pure &of (@JJ @, m.p. 204”. (Found: C, 68.97; H, 
10-34. C+H,,O, requires: C, 69.20; H, 10.32x.) Only the faster moving component of the original 
mixture WBS pent (TLC on alumina). 

A~rempcdreucrbn offrucrbn (b) w&h OCCION. The dial mixture (SO mg) was stirred with AnalaR 
acetone (20 ml) (dried over K&0,) and anbyd CuSQ (@S g) for 48 hr at rmrn temp. then excess of 
solvent was cvaporatsd from tba hltcrcd mixture. Both main components of tbc original mixture 
ware present unchanged but a small spot on a TLC plate (alumina, developad with ctbcr) comspondul 

I9 K. Baggalcy. J. R. Dixon, J. M. Evans and S. H. Graham, in the prtu. 
*) R. J. Critter and T. J. Wallace, J. Org. Cbm. U, 1051 (1959). 
‘I F. Sondhcimcr, C. Amendolls and G. R- /. Amer. Ckm. Sx. 75.5932 (1953). 
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to the isopropylidene derivative of the 2/?,3&-diol, and this was ako detected OCI GLC (S% bum01 
stzcinatc at 85”). The diol mixture (@2 g, wu rcftuxed with ratone (30 ml), petrol (30 ml) and 
toluenuulphonic acid (O-1 g) for 48 hr.*’ both major components of the mixture ranamcd unchan@ 
under these conditions and also when the par01 was replaced by chf (30 ml).” 

Bicydonon-2a (O-24 g) in dry ether (5 ml) was added to oamic acid (@S & in dry ether (10 ml) 
and pyridine (1 ml). Separation of pak brown compkx commenced immadirtcly; after 36hr it 
WBS filtered off and stirred with mannitol(5 g), 5% NaOHaq (40 ml) and chf(20 ml) for 7 hr. The chf 
layer was separated, the aqueous phase extracted with chf. and the extracts washed with 2N HCl 
containing NaCl(lO0 ml). Evaporation of solvent gave the diol (O-28 g, 91%), crystak from petrol 
b.p. 120” m.p. 139”. (Found: C. 69.17; H, l&26. C.Hr.0, requires: C. 69.20; H, 1@32%,) TLC 
(on alumina, developed with MeOH) showed it to differ from both major components of fraction (b) 

Mixlure o/epimerlc bicyclo[3.3.1 )wn-2-en-9-oL 

Reduction of bicydo[3,3,l]non-2-en-9-onP (8 g) with LAH in the usual way yielded a mixture 
of two alcohols; IR absorptions at 3623. 3584, 3472 cm-‘. Hydrogenation of a portion of the 
mixture (in soln in AcGH over Pt) gave bicydo[3.3.1 bonan-9-01, m.p. 207°(lit*~ 207”). VPC (tritolyl 
phosphate at 120”) gave the composition as 19% of syncpimcr,” and 81% unfi. 

Attempted equihbrarion o/qimeric akohols with formic acid 

The mixture of alcohols (@8 g) in 90% formic acid (35 ml) was heated gently for 0.5 hr, during 
which time the solution darkened somewhat. The coolad boln was concentrated in WCYD and the 
residue rdluxed with 40% NaOHaq (30 ml) for 2 hr. Steam distillation, ether extraction and the 
usual washing and drying gave a solid (0.63 g) which had the same composition as the original 
mixture (GLC on tritolyl phosphate at 120’) 

Equilibration of l pimeric alcoholsu 

Isopropanol ~EIS rctluxcd over and distilkd from CaO, acetone was rcfluxcd over and distilled 
from C&O,. Equilibrations were carried out starting from both ryn and wrri akohols. The alcohol 
(@S g). redistilled aluminium isopropoxide (@5 g), acetone (0.6 ml) in isopropanol (13 ml) were rc- 
fluxed for 72 hr. After cooling reaction mixtures were poured into water (80 ml) and 10N HCl (5 ml), 
and extracted with ether (50 ml). The ether extracts were washed (water, NaHCQaq) and dried 
(MgSOJ. The crude solutions were analyscd (GLC on tritolyl phosphate at 120”) Starting from 
ryrr-alcohol the prodwzt composition was 57% ~yn and 43% anri; starting from unri-akohol the 
perantagcs were 53 and 47 % rqrcctivdy. 

Anti-9-Hydroxybicycio[3.3.1 ~nan-2/?,3/?-oxidr 

A mixtureof thecpimaicbicyclo[3.3.l]non-2m-9ok(7~7 g)inchf(U ml)was added dropwkewith 
stirring to an ice cooled soln of pcrbenzoic acid (8.55 @ in chf (185 ml), and the soln kept in the 
refrigerator for 2 days. Extraction with NaHCGgq water washing, drying (MgSG,), and removal 
of solvent kft a semisolid mixture, which gave two spots on TLC. Rcuystaflintion from petrol 
gave the oxi& of the anti akohol (3.5 g), white fluffy crystab. m.p. 233’. IR absorptioru at 3623 
and 3497 cm-r. (Found: C, 6S.95; H. 8.93. C,H,,O, requires: C, 7@13; H, 9Q9%.) 

anti-bicycfo[3.3.1 ~KXUZ&&~I 

A suspension of LAH (0.1 g) in dry THF (20 ml) w-~ stirred and rctluxcd for 15 min; after cooling, 
the above oxiran (0.5 g) in dry THF (30 ml) was added dropwise, with stirring over 1S min. The 
mixture was rctluxcd for 4 hr. co&d, cautiously treated with water. and filtered from inorganic 
solids. Evaporation of the Altram gave the d&l (@Sl g, 88*8’/@. puri8ed by rezrystalhxation from 
12OO” pctrokum. m.p. 244”. (Found: C, 69.9; H, l@lO. C.,H,,O, rcquiru: C, 69.20; H, 1@32%.) 

” M. S. Newman and M. Renoll, J. Amer. C&m. Sot. 47,162l (1WS). 
a L. Hartman. C/rem. & Ind. 711(1960). 
n S. Foote and R. B. Woodward. Terrahedron 20,687 (1964). 
U E. L. Elk1 and R. S. Ro, J. Amer. Chcm. Sot. 79,5992 (1957). 
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sohvlysis of 2&3&oxide of xv 
The oxide (2 g) in 90% formic acid (90 ml) was kept at room tunp for 2 days with oaasional 

stirring. The greater part of the solvent was removed by evaporation in wcyo. and the residue 
rctluxcd with 30°% NaOH (100 ml) for 3 hr; thecooled alkaline soln was saturated with salt. extracted 
with chf (3 x 20 ml). Evaporation of solvent, after washing and drying gave a diof (1.65 g). white 
plates from 120’ petroleum, m.p. 204”. which gave only one spot on TLC (alumina, developed with 
&OH). IR absorptions at 3623,3367 and 3030 cm-r. (Found: C, 69&I. H, 9.17. C,H,,O, rcquiru: 
C, 70-09; H, 9.15 ‘/) Hydrogenation of a sample in acetic acid over Pt (correct absorption for ona 
doubk bond) gave the saturated dial. m.p. 244” undcpresscd on admixture with a sample prepared 
as described above. 

Oxiaiarion of solwlysis product 

(a) With chromic acid. To the unsaturated diol (0.12 g) in ether (65 ml) was added 6% chromic 
acid soln (5 ml) dropwise with stirring: after stirring at room tcmp for 4 hr the usual work-up gave 
oily matcrtal which showed IR absorptions at 3030, 1709, and 1666 an-‘. 

(b) With ~anesc dioxide. The unsaturated diol (@I g) in chf (30 ml) was stirred with activated 
MnO,*~u (3 g) for 12 hr at room temp. Solvent was evaporated from the filtered soln to Rave a 
semi-solid ketone, which showed IR absorption at 1664 cm-‘. 

Reaction of syn-7&methylbicyclo[3.3. I bn-2--9+,1 with formic acid 

The alcohol” (1 .O g) was boiled under rctlux with 98 % formic acid (5 ml) for 1 hr. water added to 
the cooled soln and the mixture ether extracted. Evaporation of ether after washing and drying 
(MgSO,) left an oily formate esrcr (@91 g). b.p. 62”/025 mm, homogeneous on gas chromatography 
(TIP at 105”). (Found: C, 73.4; H. 9.3. C,,H,,O, requires: C, 73.3; H, 8.9%) IR absorptions 
at 1176. 1718. and 3025 cm-*. The ester was hydrolyscd by rcfluxing with 6N NaOH for 5 hr (some 
white solid colkc~cd in the condenser). then the mixture was extracted with cthcr and the extracts 
washed and dried (MgSO,). Evaporation of solvent left a white solid (@3 3, m.p. 9s93.5” undeprcsscd 
on admixture with the original alcohol and showing the same 1R absorptions as that alcohol. 

Reaction of anti-7/3-merhyfbIcyclocyclo13.3.1 bn-2-en-9-01 with formic acid 

The alcohol** (@9 g) was boikd under reflux with 98 :/. formic acid (5 ml) and worked up as above 
to give a formatc ester (O-82 g), b.p. lOlo/ mm, homogeneous on gas chromatography VTP at 1059 
showing IR absorptions at 1176. 1724 and 3025 cm ‘. This was not analyscd but was immediately 
hydrolyxd as above to yield the original alcohol (@53 g), m.p. 97-99” undeprcsscd on admixture 
with starting material. 

Reaction of 7/Lmrhyfbicy&[3.3.1 Jnon-2_mn-9-otu wirh formic acid 

The ketoneI@ (10 g) was rdhrxcd with 98 % formic acid (5 ml) for 5 hr and worked up as before 
to gin the original ketone (O-92& identified by tts IR spectrum (16 peaks in the region 5-15 p). 
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