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Abstract-The strain inherent tn ethyl btcyclo[5.3 I]undec-‘ten-I l-one carboxylate is discussed in terms 

of bond angle and bond length distortions and warping of the double bond, which wcrc dctcctcd by X-ray 

crystallographic measurements. An attempt is made to evaluate the strain. In the UV spectrum. non- 

planarity of the cnonc system leads to a low c,, which is correlated with cos’ 0. 

SINCE Bredt first pointed o.lt’ that bridged bicyclic compounds of the camphane 
and pinane series are unable to tolerate a double bond which has one terminus at the 
bridgehead. Bredt’s Rule has been invoked to explain the failure of a variety of 
elimination and enolization reactions in small bridged bicyclic systems2 Much effort 
has also been expended in attempting to define the limiting ring-size beyond which 
the rule is inoperative.3 However. many of these experiments are no longer meaning- 
fu14* 5 Another attempt to formulate the limits of the rule in terms of an S-value2 is 
equally uninformative, and has no rational basis. 

The most illuminating comment yet made on this problem has been the suggestion 
by Wiseman4 that the strain in a bridgehead oletin (I) is related to the strain in the 
corresponding trans-cycloalkenet (II), and available experimental evidence is 
consistent with this hypothesis4 The Wiseman hypothesis also offers a partial 
answer to another question which earlier workers could not answer; oiz., within any 

given bridged bicyclic molecule, are all of the double-bond isomers, i.e. (IIlHlv), 
equally strained? The hypothesis indicates, and enolization evidence6 confirms, that 
IV is more strained than either III or V. However, the energy relationship between 
111 and V is less well understood. On the basis of a single example,’ it appears that 
type III may be more strained than type V, but this fact is not predictable by the 
Wiseman trans-cycloalkene hypothesis. If we are to arrive at a more precise under- 

* This rcscarch has been sponsored by the Air Force O&x of Scientific Rexarch (O.A.R.) through the 

European Office of Aerospace Rcscarch. O.A.R.. United States Air Force 

t This concept was apparently foreshadowed by Robinson I7 years ago. see Rodd. Chemistry of Carbon 

Compounds Vol Ila. p. 275, Elscvier. London (1955) 
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standing of the strain involved in bridgehead double bonds, Wiseman’s rationaliza- 
tion of Bredt’s rule must itself be qualified or restated in more fundamental terms. 

As an initial step in this direction, we report here a detailed investigation of the 
bicyclo[5.3.1]undec-7-en-l l-one system, designed to discover how the molecule 
accommodates the strain of a bridgehead double-bond. 

The bicyclic keto-ester VI is readily prepared from cyclooctanone’ and being 
crystalline, it can be obtained free from its by-isomer VII, although equilibration 
yielded a 9 : 1 mixture of these respective enones. On hydrolysis followed by decar- 
boxylation of the resulting acid, the same ester alforded the parent as-enone (VIII), 
required for other studies. but contaminated with 704 of the Byenone (IX). These 
were separable only by GLC. but the ma.ior component was characterized as its 
oxime. 

Surprisingly, equilibration* of VIII yielded a 75:25”/, mixture of VIII and 1X 
respectively, and it must be presumed that the discrepancy between the two equilibria 
reflects subtle differences in molecular geometry due to the ester function. The fact 
that decarboxylation afforded only 7% of the Byenone (IX) indicates that CO, was 
liberated directly from Vla (followed by partial equilibration) rather than oia Vlla, 
with subsequent equilibration. This second mechanism might have been expected to 
take precedence, since the enol intermediate (X) in the decarboxylation, involves only 
one bridgehead double bond.t In fact, the reaction intermediate (Xl) is doubly 
“anti-Bredt”. 

Although the ketocster (VI) had been a poor source of the parent enone (VIII) it 
alforded a p-chloroanilide (XII) from which the exact geometry of the ring was 
determined by X-ray crystallography.’ This examination revealed the bond angles 
(f 1”) and bond lengths (kO46A) shown in the figure. It also showed that the 
C(7)-C(8) double bond was warped about its axis by 8.6” and that the C=O group 

* See Part 2. following paper 

t Such a mechanism is suggested in Ref. 8. footnote I4 
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was twisted about the C47)--C( 11) bpnd, 37.7” out of the plane of the olefinic double 
bond. The non-planarity of the apenone system reduces the conjugation between 
the two n-bonds, and this is reflected in abnormal bond lengths (see Fig). The major 
discrepancies are in the C(7H8) double bond, which is as short as an isolated 
double bond and in the C(7bC(ll) bond which is longer than expected-as long as 
the C( 1 yC( 11) bond, for example. Although these discrepancies are significant, they 
are in each case uncomfortably close to the outer limits of error ( f 0.06 A). 

Non-planarity of the same order is presumably present in VI and its UV spectrum 
(IE’OH 238 nm: E 5630) shows the expected drop in c. A correlation between the 
obyrved (c) and expected (q,) extinction coefficients and the angle of twist (0) has 
been expressed” by the empirical relationship c/co = cos’ 0 but later critic&d” 
and replaced by c/c, = cos 0. To our knowledge these have never been tested experi- 

9 

(R = CO.NH.C,H,CI) 

FIG. Bond lengths (estimated standard deviation k(H)2 A) and bond angles ( f 1’) 

mentally, and so it is of interest to note that in the present case they predict angles 
of 41.5” and 55” respectively, the former being remarkably close to the measured 
value (37.7 + 1”). An independent estimate of the angle of twist by Professor J. B. 
Stothers (Western Ontario), based on the 13C chemical shift of the CO function, gave 
a value of 35”. which also agrees well with the X-ray data.” 

Although the enone (VI) is able to tolerate a bridgehead double-bond, an examina- 
tion of molecular models reveals that it is more strained than its By-isomer (VI) or 
its 7.8dihydroderivative. The X-ray examination shows that the strain is expressed 
not only in warping of the C=C but also in bond angle deformation. A comparison 
of the bond angles observed (see Fig) with those expected* shows significant dis- 
crepancies of 5.3” and 3.8” in the C(lHl l-7) and C(6w(7)-C(8) angles 
respectively, and presumably these two types of distortion are general for strained 
bridgehead olefins. 

Having qualitatively identified the strain produced by the bridgehead double 
bond, it would be of interest to make a quantitative estimate. However, although the 
contributions of these deformations to the strain energy of the molecule can be 

l !See experimental values reported” 
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roughly estimated,* attendant changes in torsional and transannular strain-and so 
in overall enthalpy-are less readily computed. Nonetheless, it is interesting to 
observe that the strain energy (or, at least, that part which can be estimated) is 
equally shared between x-bond warping and angle deformation. This appears to be 
a plausible result. 

EXPERIMENTAL 

All m.ps are uncorrected. Routine IR spectra of liqutd hlms and nuJol mulls were recorded on a Unicam 

SP 200 spcctrophotometcr and quantttattve spectra on a Perkin-Elmer Model 225. UV spectra. measured 

on a Unicam SP 800, refer to solutions in EtOH, unless otherwise stated. NMR spectra were obtained on 

the Varian T60 mstrumcnt using TMS as mtcmal standard. GLC was carried out on Pyc Argon and 

Perkin-Elmer Fll gas chromatographs. High resolution mass spectra were recorded on the AEI MS12 

mass spectrometer. 

Bicyclo[5.3.I]undpc-7-en-l l-one corboxylic acid (Via) The cnonc ester (VI) (l.Og) was rcfluxcd for I2 hr 

in 25 ml IO?; cthanohc NaOH. The cooled mtxturc was neutralized with dil. HCI. flooded with water and 

extracted wtth ether. The extract was washed. dried (Mg SO,) and concentrated. ytclding 0.91 g of rcstduc. 

Rccrystallizatton from htgh bowling petrol gave 085 g acid m.p. 157-158’. (Found’ C, 68.97: H, 7.70. 

CIzH2rOJ requires. C. 6921 : H, 7.74”;) rm 1759, 1700cn~‘: NMR -1.1 r (I x H)and 3.7 r (I x H. 

broad mult ). Mass spectrum m/e 208 (P) wtth a strong peak at m/e 164. 

E:quilibrarton. Using the htcraturc mcrhod.s the mixture was analyzed by GLC. The 9.1 ratio observed 

IS virtually Identical with that reported.’ 

Decorboxylarion I6 The kcto-acid (140 mg) in I5 ml qutnoline was boiled under rcllux for 2 hr. flooded 

with water and extracted with ether. The extract was washed with dil HCI. then brine dried and evaporated 

to an oil (75 mg). Residual quinolinc was removed by tiltratton In ether. through grade 0 stlica. Com- 

parison by TLC and GLC (QFI) wnh a known mtxturct of VIII and IX showed that these cnona were 

present in the ratio 93.7. 

Oxtme. The enonc mixture (70 mg) in I ml EtOH was added to hydroxylaminc hydrochlorrdc (130 mg) 

in 1 5 ml 5:~ NaOHaq. rcfluxcd for 6 hr. and then stood for 12 hr at room temperature. The mixture was 

neutralized. extracted with ether and the extract washed wtth brine. dncd (Mg SO,) and evaporated The 

resulting oil (85mg) slowly crystallized and was rccrystalhzcd from a small volume of McNO,. m.p. 

118-120’. (Found’ C. 73.75: H, 9.42: N, 7.88. C,,H,,NO requires. C, 73.70: H, 9.56: N. 7.810/;,). vrna 

3600, 31CK-3OC0, l66Ocm. ’ : NMR 0.75 r (1 x H broad) which disappeared on addition of D,O. 4.3 r 

(1 x H mult.) unchanged on addition of D,O, m/e 179 (P). 

p-Chloroanilide (XII). The carboxylic acid Vla (1.91 g) and redistilled SOCI, (6.5 ml) were relluxcd for 

30 min,cxcus reagent was removed by azcotropmg with bcnzcnc,and thcacid chlortdc b.p. 14@145/0.3 mm 

(I.393 g) in dry benzene (5 ml) was treated with gchloroanilinc (0.805 g) in dry benzene (5 ml): a white 

precipitate formed immediately. The mixture was allowed to stand under N1, at 0” for I2 hr. The mixture 

was then poured into water (75 ml) extracted with ether, and the extract was washed wnh NH,SO,. The 

usual work-up alfordcd 1.68 g of crude product which was chromatographcd on alumina (benzene-petrol) 

to grvc the anilide in 743; yield, m.p. 87-88” (EtOAc). (Found’ C, 68a8: H. 639: N, 4.3. C,sHlr,OINCI 

requires’ C, 68.02: H. 634: N. 4.410/,). Y 3430, 1690. 1680. 1590, 1530, 1490.835 cm-‘: NMR 2.6 (4H. q). 

3.75 (1 H. br. d. J = 2 Hz) r. 
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l The strain energy mvolvcd In warping the C=C can be found from the cxprcssion’4 E, = 8W’ Cal/ 

mole. and an 8.6” twist will cost approximately 0.5 kcal. Strain due to bond angle deformation has been 

evaluated from the expression E, = 17.5 (Atl)’ cal~molc/dcgrcc~ and if we assume the same force constant 

II 
for in-plane bending of the CA<. C===C< and C&--C bonds (see Garbish”) the above dcforma- 

tions cost a total of about @5 kcal 

t See Part 2. following paper 
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