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Abotrect -Values of-A@’ for the uial~aquetoriel coofonutiouel 

4quilibrium of the their foru of S-aubatituted Q-E) end b-•ubetitutsd 

(2-w dtrivetivcs of bcurocycloh4pteo4 uer4 uroeured from thalr 1~ 

and/or 13C MU epectre recorded under conditions of slw 4xch4~4 

(T < WC). Strikingly differant coafometiouel rubmtituent cffecta are 

notad in tech aerieo of coupounde. The results et4 caperad vith 

squivalant ancrgy paremettr8 published for analoSou6 ri rrabar4d cyclic 

derivetlvar and interprctsd in tera(l of atcrlc end electrortetic 

interectloae. Subrtituent effecta on l3C MIR cbeaical shifts were 

measured and em coapmad to those reported for the cyclohauena ring. 

A8 pert of our continuing effort to 

thoroughly dafine the confometional propcr- 

tie0 of savea wvsb4red ring systelu and ea a 

l 4quel to e detailed rtudy 1 reported owe 

time ego on the conforuetion of kntocyclo- 

hcptana (0, vc heve prepared sevarel b- and 

-5-aonosubstitutcd darfvetfvca(&-tft) end stu- 

died their conforuatiouel features by 1~ 

end 13C dynamic ?MR methods. 2 
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Our lntcrcmt in them4 ccupoundr derived 

in pert frou th4 feet thet, contrary to the 

veet mount of inforwtion eveilablc in the 

literaturs on th4 confometioaal cnergp of 

oubstitu4ntm on oiu-meubered rina syat4en,3 

v4ry little attention hed so fer b44n given 

to the dcterainetion of mubetituent energy 

for ~4~4 wm44b4r4d cyclic coupoundr. Cut 

objactiva wes thcrcfore to wesur4 th4 rale- 

tive population* of cquetorial end exial 

chafr conforu4rs prrmaat et cquilibriuu for 

thes4 campoundr end to capere th4e with 

correspondding veluas l lr4edy known for ene- 

1OgOUf six-m44bered cyclic uol4cul4* l 

Corpoundr 2-S are coarider4d anelogs of 

cyclohexenc derivetlvas uhf14 coupouada 2-u 

h4va faeturca in comon uith 3-•rbrtftuted 

l ethylenecyclohenene derlvetiv4~ (u) stu- 

di4d by haubart and couorkerr 4. 
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A l ecoad aspect of our work uao 

coucamed vlth the deteminatlon of a, 8, y 

end 6 l ubotltuent effects on % NMR 

chemical shift;. &MO, vhereee much 

effects beve been extensively etudied In the 

cyclohexane apetea, 3 relatively little is 

knoun for the seven-aembetad ring. UC 

wanted to detcmlne uhether the 

significantly greater puckering of the 

eevea-mexbered chair would lead to 

appreciable differences. 

It lo pertinent to recall that eerlier 

wtudles 1 have shown that 

bentocycloheptene exists exc~uaivclp In the 

chair coafomatlon and that Its ralatively 

high activation energy for chair Inversion 

(10.9 kcal/iol) xskeo its confomational 

features amenable to studies by dynamic RHR 

method&. Furthemore, It la well known thnt 

of the various methods available to 

detemine -&Co values for aubstltuents oil 

cyclic systems, RKR peak integration under 

conditions of alow exchange Is the moat 

rellable.3 Therefore rignal integrations 

from both 1~ and 13~ low temperature 

spectra of compounds 2 to 14 were used to 

measure the relative amounts of axial and 

equatorial confomers. 

RFSULTS 

II3 tR4R spectra. Ulth the exception of tha 

two methyl derlvatlvea (8 and 14), all IH 

RhR analyses were performed on B, 8” 

-tetradeuterlo derivatives of each compound: 

compounds 2-7 ware deuterated at the 4 and 6 
__ 

positions while compoundr 9-13 were 

deuterated at the 3 and 5 posltioas. _ * In all 

case*, the xethlne proton givas a singlet It 

roox temperature for spectra recorded under 

deuteriua decoupling conditions. All 

tetradeuterio derivatives are identified by 

addfng the suffix -Q to the number of each 

compound (e.g. 24, ). All lR RKR 

analyses were performed at 100 KHz 

mode. 

in the CU 

Room tempareatura %i 8pectra of 

conpounds 2-4 to t-d~ preaent the aam 

overall characteristlc# (Figure 1). The 

l roxatlc protone appear aa alagltt8 at - 7 

ppm; the R-5 protona also appear as singlets 

in the deuteriuu decoupled spectra, while 

the msthylene protona on carbons 3 and 7 

constitute an M’BB’ multiplet which 

appears aa a simple AR rince 33 coupling 

constant8 are small and make each side of 

the molecule esaentiallp lndependant from 

the other. On louering the temperature a 

spectral change Is obsemed , and belov 

-8OOC the slow exchange spectrum recorded 

conrists of the superimposition of 

characteristic features for the axial and 

the equatorial confomera. The signal of 

the R-5 proton has split into two singlets 

of unequal intensity: the high fleld 

singlet being due to the axial proton of the 

equatorial conformer while the low field 

less intense singlet is due to the 

equatorial proton of the axial confomer. 

This assignment is deduced from line-widths 

of the aethine protons in the abeence of 

deuterfua decoupltng whereby the axial 

protons are broader than the equatorial 

one@. The benzylic protons give rise to two 

AB patterns; the more lntcnse one la 

assigned to the R-3,7 protons of the 

equatorial conformer (Ha) and Figure 1 

shows that it is effectively an 4 singlet 

because of the naall chenical shift 

difference between the axial and equatorial 

benrylic protons while the less intense AR 

quartet belongs to the axial confomtr 16b 

for which the chemical uhlft difference 

bttvean the benzylic protons ranges from 78 

to 105 Rz and Ju ranges froo -13.9 to 

-15.0 iiz depending on the substltuent. Ro 

Iii spectral change was observed for 

compound E. The lH parsmeters for 

coapounda 2-4 to 7-h are summarized In 

Table I. 
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‘H and “C NMR studies of confomational effect 1045 

The room temperature %I KH8 spectra of 

compounda 9-d, to 13d4 alao present the 

aam overall charactcrirtica. The aromatic 

protoaa again appear an a singlet at-7 ppm, 

the R-4 proton appeara aa a singlet in the 

deuterium decoupled spectra with itr 

poaition ranging from 3.02 to 4.75 ppm 

depending on the subatltucnt and the 

methylene protona on carbon 7 appear a# a 

more or lesa reaolved multiplct between 2.63 

and 2,.77 pp while the methplene protons on 

carbon 6 appear aa a non symmetrical pair of 

multipleto between 1.0 and 2.2 ppm. 

On lovering the temperature a spectral 

change occur0 and below -8oOC the g-4 

ringlet ha0 rplit into two componenta of 

unequal intcnaity; line width l rguenta ahov 

that the high field einglet belonga to the 

axial proton of the equatorial conformer 

while the low field l inglct arirea from the 

equatorial proton of the axial conformer. 

The room temperature I11 IWR spectrum 

of 14 ahown partly in Figure 2 preoenta the 

following featurea: the aromatic protons 

appear aa a singlet at 6.91 ppm while the 

R-3 and g-7 protons appear as a multiplet 

betwen 2.9 and 2.5 ppm. Protona on carbona 

4, 5 and 6 give rise to a non-resolved 

multiplet between 2.2 and 1.2 ppm. linally, 

the methyl group appear6 ar a doublet at 

0.93 ppm vith a coupling constant to the 

methine proton of 6.3 Hx. On lowering the 

temperature below -85OC, the methyl signal 

aplitr into tvn doublets; the lear lntenae 

one observed at 0.61 ppm la l aoigned to the 

axial conformer. It* coupling constant ia 

7.2 AZ vhile the more inteore doublet for 

the equatorial ethyl group observed at 1.03 

ppm ahova a coupling constant of 5.4 8x. 

The pertinent iii NIlIt parameters for 

compounde 9-d, to 136, and 14 are 

r-rirad in Table I. 

13C NnB Spectra. All 13C IWR spectra 

were recorded at 22.63 Uiiz uith broad band 

proton decoupling. The room temperature “C 

8?8t spectrum of benrocycloheptene (1) haa 

already been aaeigned in the literature6. 

On lowering the temperature, no rpectral 

change is observed in agreement with earlier 

findings 1 that benrocycloheptene exiata 

l xclurively in the chair conformation. 

The room temperature l3C NH8 spectra 

of compounda 2-8 @hare similar 
SW 

characteristic featurea. 8y-=try 

considerations allow for only 6 aignale to 

be observed for the 11 carbona of the 

benzocycloheptene syrtea. The araignmenta 

given in Table II were made from chemical 

shift conoideratione and by comparaison with 

the spectra of the tetradeutero derivativea. 

The spectral aaaignment of compound 5 

ia used for illustrative purporer. The 

aliphatic region, ahown partially in Figure 

lb, containa 4 aignala. The lover field 

signal (72.59 ppm) in assigned to the 

aubstltuent bearing carbon rince 

aubatitution with an oxygen group in 

expected to deshield the a carbon by -50 

PPm. 5 Subrtituent elgnala are l arily 

assigned from predictable chemical shift and 

intensity argumenta and, for 5, the 

trlmethylailyl carbona appear at 0.26 ppm. 

Comparaiaon of the rpectra vith those of the 

deuterated derivatives alloua the aaaignment 

of the highest field rignal (30.09 pp~ for 

5) to the bearylic carbona C-3.7 since ita 

intmaity remain8 unchanged in the -d,, 

derivative spectrum while the lover field 

rignal (36.85 pi for 1) hao dimappeared 

owing to the fact that the cq-4.6 

quintuplet is not observed under the 

recording conditions wed because of a long 

Tl and the absence of NOE for these non 

protonated carbona. 7 

The aromatic region of 5 contain8 3 

l ignala. The low intensity of the signal at 

142.26 ppm indicates that it arimea from the 

C-1.2 quaternary carbonr. By analogy with 

benrocycloheptene, the l ignala at 128.81 and 

126.08 ppm are l aaigned to 

C-9.10 carbona reapactively. 

the C-8.11 and 
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On loueri~ the temperature a spectral 

chame Is observed and belou -900C the 

ring carbon l i8nals of moot ccmpounds hsve 

split Into two components. In the l liphatic 

region signals of the lesa intense axial 

conformer appear at hI8her field than the 

SigMh Of the aqMtOrial CO8fbtrar. This 

1S consistent with the known a,, Be, 

Yer and Oa* 6 a* Ya effects of 

oxygen derivatives of cyclohexane. 

In the aromatic region, however, the 

lers Intense C-1.2 ~18~1 of the axial 

conformer appaars at lower field than that 

of the correspondiag Si8M1 Of the 

equatorial conformsr. The C-9.10 line ha0 

also split into tvo unequal components with 

the less Intense Si8M1 Of the axial 

conformer appearing at higher field that the 

more Intense 8i8M1 Of the equatorial 

conformer. The C-8,11 line has not split l s 

seen In Figure lb. 

The absence of symmetry In compounds 

2-13 accounts for the observation of a *3c 

NkIil signal for each of the 11 carbons on the 

benrocpcloheptene ring. The l ssI8msents 

reported In Table III are based on 

calculations of chemical shift. uming 

benrocycloheptene as the reference molecule 

together with substituent effect. deterained 

for compounds 2-E. and cmparisoa with the 

spectra of the tetradeuteratad derivatives. 

On lowering the temperature, splittiq of 

various signal occurs and the chemical shift 

data are also reported In Table III. The 

spectrm of the rethoxy derivative 9,_ in CS, 

will serve as an Illustration. 

At low temparature, most of the ring 

carbon Si8na1s Of 2 rplit into two 

components. In the aliphatic re8Ion, the 

c-4 doublet has a low f Ield intense 

component at 79.16 pp. uhich Is l ssi8ned to 

the equatorial conformer and a less Intense 

higher field component at 7b.93 ppm which Is 

aaslgnad to the axial conformer. As was the 

case for the S-substituted derivatives, this 

assignment Is ude from the a8 and oa 

cffactn determined for the OCb group In 2 

and from the positive value of -AC0 

derived from the 1~ spectra uhlch 

Indicates a predcmlnance of the equatorial 

conformer. Carbons 3, 5 l ud 6 all thou an 

axial component at higher field then the 

equetorlsl component while C-7 l how only 

one si8lla1. This Is easily explained by the 

fact that this carbou 10 only slightly 

influenced by the presence of a 6 

substituent. 

In the l romstic region, only the 

sIgna of C-l and C-2 have split Into two 

ccaponents. The ware Intense, lower field 

line of the equatorial conforvr appaars at 

143.11 ppm while its axial counterpart 

appears at 142.52 pp~. Carbon-2 which IO 

Influenced by a r-effect fra the 

substituent haa its equatorial component at 

136.87 ppm l ud its axial coaponent partially 

superimposed at 137.19 ppm. 

DI8ClJ88IOI 

Values of dC” ware obtained from the 

equation *Go = KT ln K uhere K = [B]/[A]; 

[E] ID the relative population of the 

equatorial conferrer l ud [A] Is the relative 

population of the axial conformer. These 

populations were determined by Integration 

of 1~ and/or 13~ signals. 

It 10 well knoun that FT 13c mm 

signal Integrstiono should not be used to 

evaluate molecular proportions unless 

certain conditions are mt. Ilaving found 

that the Tl relaxation tfmsr of the carbons 

of 2.b-dIwthyl piperidine ware In a 0.26 - 

0.43 seconds raqe at -67oC, Booth and 

JorefovIcr 8 concluded that integrations 

from 13C Pourler transform l pectra,can be 

uned to measura molecular proportions 

provided that the temperature Is lover than 

-53oc, that comparisons are made between 

carbons bearing the same numbar of protons 

and that the repetition rate Is longer than 

2 second8. 

Values of dc0 reported In Table IV 

were determined cuing either or both 1~ 

and 13c M(11 spectra recorded below 

-8oOC. the latter cuing a puloc repetition 
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Table IV. Values of - AGC detemined for S-substituied 

I 

a 

I 

0 

I 

0 

I 

0 

L 

c 
I 

01 
Ir 

C1 
t 

*Al1 13c Nm solutionn conta~g 13% of CD Cl2 for field locking purposes. Consequently the -AC0 
values in CS2 determined by C NHR are 1 
rity of the wdfum. 

eaa accurate because the CD2C12 changes the pola- 
This is particularly important for 2, 2, 1. and JJ (vide infra). 

1. 

2. 

3. 

4. 

5. 

6. 

The A values are taken from reference 3. 

The A value for OT)rs is taken from reference 11. 

The A value for CH3 is taken from reference 9. 

The &values are taken from reference 4. 
CP2C12. 

Instead of CS2 the nonpolar solvent used was 

T%eae values are taken fror reference 12. 

Derivatives 2 and &J are not soluble in conmoo nonpolar solvents suitable for low 
temperature studies such aa CS2 or CF2C12. 
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and 4-substituted derivatives of benzocycloheptene. 

amI -100 63 37 1.8 .18 l3C .ll 

CHFCl* -100 68 32 2.1 .26 $I 

Cl CHFC12 - 95 66 34 1.9 

r2 
cs2 - 93 88 12 7.3 .70S 'Ii 

OII‘ p MF-da -100 96 4 25 1.2 lH 1.12 

m3 CHFC12 -100 93 7 13 .88 13C .70 

1 
r_r ctm2 -100 93 7 13 .88 m 

L 

cs2 -100 92 8 12 .85 13C .80 

cs2 -100 93 7 13 .91 
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rata of 4 sccond6. The results darivtd from 

13c mea6urtuents involved various 

6igM16. For conpounds 2-3 the only 

signals with a chaafcal shift difference 

large tnough for accurate integration vsta 

thost of C-S while for compound6 2-12 

clrlculations were c6rritd out for tha C-4 

and c-6 6i@lal8. Fiuslly, tht C-S and C-7 

crignsl~ were used for 1,3 end C-4 va6 used 

for g. TWtErPinEtiOM Of d@ from h 

NMR QeeEurtatntE 6160 involved 6ever61 

6i@l81s. Por compounds +&+ -I+ and 2% 

to l+&, tht aethiae proton 6ignal on the 

rubetftutnt bEerin c6rbOn wa6 u6td to 

dattruint K uhfle for &b, the ethyl signal 

was used. 

For coapound6 & z z 2, @, J.2 and 

15, dc0 values were determined from both 

1~ and l3C IfKIt rpactra. For CHFCl2 

6olution*, the two value6 obtaintd veto 

within txparfxental error of each other 

while for CS, 66sple8, important differtncr6 

uert nottd. These difference6 however, were 

thought to l rirt from tht diff6rtnCt in 

polarity betvttn the 1~ td 13C NMR CS, 

6Olution6 btC6UEt tht % 66I6pl66 6160 

contained 13% of CDJCQ for locking 

pUrpO66. This wa6 confirxed by determining 

-&Go value6 from Ia tpectra of 6aEpla6 

prepertd using C% containing 13X qC12; 

exctlltnt agr66utnt uith the 13C MIR 

value6 ME thtn obstrvad. 

Vsluer of %I@ art reportrd in Table 

IV togtthtr with the corrttpoodiag values of 

tht cyclobsxane (A values) tnd 3-substitutad 

exo-xsthp~6aecyclohexane &) SpJteM. It - 
use belitvsd that the grtater puckaring of 

the chair fora of bentocyclohaptene 1 

relative to that of cyclohexant uould modify 

1,3-- axial iater6ctions and be raflected 

on the coafomstioaal free energy of 

EUbEtitUeotE OU the 6svtn-bsred ring. 4 

couparaison of tht +I@’ values determined 

for the polar 3-6ubstituted derivative6 of 

ban6ocpcloheptene with the corresponding A 

values 6hOW6 that tbs fOMr pSrametar8 are 

almost always smelltr than the latter. Thlr 

sugge6tr th6t the iattractions respon6ibla 

for the tqustorfal prsfarence in cyclohtxana 

are lt68 important or thst other factors 

txert e strong conformetlonal affect in tht 

seven-mambared ring. It can l l6o bs noted 

that tht trends for *Co and A values are 

not the east. The most important 

differtncts are noted for tht OCR3 aad OTMS 

subEtituent6. 

The bshavior of the +P vslues for 

the 4-6ub6tituted dtrivatires is 

signiffcantly differtat. In thi6 trrits, 

structural charaettristics suggtst that the 

-AGo values should not be compsrcd vith A 

values, but rathtr vith 4 values 4 as 

will ba di6cusEad later. 

Jtnsto and Burhwtllsr 3 here 

suggested that A valute can be rationslired 

in terms of steric iateraction6 betvten 

axial substitueuts and 6~?=-6xisl proton6 and 

l r6 thtrtforcr influenced by paramsters such 

a6 the van der WMlS radius, tht 

polarisability and tlactronic density of 

each l ubstitusnt. The follouing 

considtretioa6 conrtituta 6n attempt to 

d6ROn6tt6tt that, in the benzocyelohtptent 

system, sttrlc interactions alone cannot 

account for the resultr observed 6nd thet 

-de 16 moat Etrongfy dtpendent on 

tlectro8tatl.c affects. 

Tht value6 observed for the mathyl 

d8rivEtive6 & and &$ are of spsei61 

importance becalut the non-polar methyl 

l ub6titutot ought not to involve 

6igtllficsnt eltctromtatlc or dipolar 

effects; these coapouud~ should thertfore 

providt useful rtftrtaca point. The abstnct 

of a spectral chatqt at low tamparaturt for 

coqmund & m6ans that the population of the 

axial conformer is less than 2%; 

con6equently *Co for this compound is 

gr6attr than 1.5 Kcaltmolt and io wet 

probsbly not smaller than the 1.7 Veal/mole 

ob6arvtd for m6thyleyclohtxane. 9 Thus, 

1,3-E-axial inttractionr are at ltest as 

strong In the 6aven-mm bared ring of 8. The 

-&Go vslue of 0.88 Kcal/mole determined 

for 2 (8X of axial conformer pr86tUt at 

equilibrium at -1OooC) indicate6 that 
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l teric interactioa are leee important when 

the l ubetituaut locatiou ie changed from the 

5 to the b-poeitloa. Structural changas 

xhareby ona of the 1,3-~JIJ-axial protoo has 

been replaced by the beuao group can accouot 

for the reduction. The v elacttone 

therefore have 1088 repulsive l teric 

character than a l aturatad C&L group as 

Lembart end coworhare 4 noted for 

3-aethyl-axo-methylenecyclohexanc. - 

Consequently, the axial methyl group im lees 

deetebillred for both coxpouade. 

Finally, the observation that the 

-AGo veluee obtained for coxpound ‘f9 are 

independent of the eature of the solvent 

conf lrae the hypotheele that the aathyl 

group does not give rise to a significant 

alactroetatic conforxatlonal effect lo es 

in the caee for most polar eubetituente in 

both eeven-mexbered series where solvent 

changes are ueeful to identify the origin of 

the confometional effects observed. The 

underlying concepts SUggSSt that in a 

relatively nonpolar solvent such as CSB, the 

intramolecular electrostatic intorectione 

should achieve greatest lxportaace while in 

the aore polar Clwc12 solvent, the 

electrostatic intarectione should ba 

significantly reduced. The observation l3 

that solvent effects are sue11 for certain 

uonoeubetituted cyclohexanee suggests that 

electrostatic forces ere significant in the 

eevcn-aembcred ring coapounde. 

The reoulte for coqoundo ,2 to z given 
in Table IV do ehou large conforaational 

perturbations on solvent change. For 

exa=pla, the *Co valuate are reduced 

l ignificanlty for derivetivee 2 (OCHB), 2 

(OTNS) aud k (Cl) by decreasing the polarity 

of the solvent from CHFClB to CSg. For 

reasons given earlier, the appropriate 

-6cO value for 2 in Cs, is 0.06 end not 

0.25 vhich represents a value obtelned by 

13C N4B In C!& conteining %Clz. 

A detailed discueeioo of the behavior 

observed is dffficult to fotulate quanti- 

tatively because electrostatic calculations 

are fraught vith uecettafntiee4c owing 

to serious lixitatione ariaing from the 

absence of precise Seoxetrical information 

for the various conformers. Consequently, 

only a qualitative retlooelisation of the 

reeulte is attempted here In terms of the 

eixple fomeliem proposed by Kalouetisn 

l*a to describe the confotmatlonal 

consequence of dipolar interactions and 

l olvatlon. %fo terse deecriba tht 

electrostatic contribution, the first, EB, 

Is the dipole-dipole interaction (uaxlmua in 

the vapor pheee, it teode towards zero in 

polar solvents) while the second Es, is 

the eolvation Etabilieatioa energy (ZsrO in 

the vapor phase, it bemuse iaportant in 

polar solvents favoring that conformation 

with the larger dipole eoaent). Because 

ED and ES can have opposite signs, their 

cum may reinforce or offset steric effects 

depending on the relative orientation of the 

individual dipoles. 
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The greater amaunt of axial fern 

obrerved for 6 in CR relative to 

chlorocyclohexane could ramJlt from a 

stabilistng eiectromtatic term favorfry the 

axial form l iace 8terie rapulsioa of an 

axial l ubotituear should be larger in the 

seven-mmbered riw , o”iU8 t0 groatat 

puckering of the chair conformation ot 

alternatively, it could be doe to a l rrongar 

daatabili~ing interaction in the equatorial 

form. Ao iacraame in solvaar polarity, much 

as for cHFCl2 , displacea the equilibrium 

touarda the equatorial form (l.c. -A@ 

chaoger from 0.03 to 0.28) because, aa is 

shown belov, the imporraaca of the 

tltCtro8tttic ED tam ia reduced aa a 

rtault of the iawlation of one polar moiety 

from rhe other by the aurroundiq aolvenr 

moltcultE. 

In order to l attmo the relative 

fmporranct of the dipolar contribution Lo 

altcrroatatic ia~tractSoa8, it is atct8sary 

to arriga the direction of rho dipolea for 

the relevant fragatata within ehe 

S-eubatituted-btarocyclohtp~ent 

dtrivttivea. For tht benso group, the 

na~ative and of the dipole rhould point l vay 

from the alkyl portion of benzocyclohtprens 

aa alkyd groups trt tleccroa donating (i.e. 

o-dim~hylbenztat 14a, L - 0.64 D; 

beazocycloheprtae 14b, v I 0.63 D). The 

dipole orftatarion for Che variouo 

l ubstitutnts is more difficult to dtscriba 

se ir will be different for X - Cl or OCiI3. 

For rht halo&en ira direction ought to be 

along cha C-X bond so that Q and @ provide 

umtful illustrarioaa while for X - OCQ, the 

dipole should approximately bisect the CH-O- 

CH3 angle and various subatitucat rotamers 

must be taken into account. 4c, lob 

Although calculatioao of dipole-dipals 

intcracciono art not expected to be very 

accurate owing to the absence of adequate 

geomerrical information 4,10b, l implc 

calculations l5 euggeat that lJJ ia more 

deacablilircd than l,?, for X - Cl because 

although both conformers art found to have a 

poeitLvt ED term, l,S has the larger one. 

Ttblt IY rtvwls thdt capound f (OC&) 

l xhibirs the most l crikizq conforutioeal 

behavior. Indeed in @ the axial form 

predainaras whereas in the pore polar 

catc12 the equatorial forr is mrt 

abundant. Hero alro the data ia compatible 

with a greater dipole-dipole dtetabillraLioa 

of the equatorial form. The feet that rht 

methoxy group dipole ahould bieect the CR-O- 

a3 angle and be affected by rotamer 

populatioos 4c could account for some of 

the difference between 2, and 2. It ia 

lnttrtrting to poior out that a similar 

aolveat effect was observed for O-methoxy- 

txo-methylene eyeloheune 16 for which - 
-AGO values art 0.31 in CF2C12 and 0.50 in 

CwCl, . In addition, work by Stolov and 

coworkera 1’ on 4-rubsrltuttd cyclohexa- 

nones ham pointed to similar polar effect8 

involving a sigoif icant destabilization of 

the equatorial form. On the other hand, the 

study of rhe coaformstional prefarence of 

the methoxy group in 3-subsrituttd 

1,3-dioxaatt, lOb.18 for vhich a stronger 

rapuleive dipolar interaction exists in rha 

axial fort (faetead of the tquatorial oat) 

hen shown a solvent effect which is opposiW 

to the above. 

ThU8 it appeara th8t the l olvtnt 

induced coaforutional effect favoring u 

relative ro l,S in CS2 arirts mainly through 

differeacts fn the ED tam. The solvent 

change to rha wore polar CHFCl2 therefore 

attenuate6 the $rtabilirlng elacrrorraric 

forcee prtrent and effectively l hift the 

equilibrium in favor of the cquatoriA1 

conformation. But becauat the axial 

conformer (17) for X -Cl is expected to have 

a larger d&ore mment l9 rhan J,_S, it 

should be better solvatcd in CiiFCl2, that i8 

L7 should be rtabiliacd by the E, rerne 

The obatrvation that the dc0 valuee for 2 

and & are smaller than the correspondi= A 

value8 i8 coepatible with these two 

contributiona having opposite effects on 

l olvtnt chawe from CS, to CHFC4 + Thus. 80 

ED btcora8 sralltr in cHpCl2, the expected 

increase in the equatorial form dots not 

take place becauat the Ea term favors the 

more polar axial conformer. Unfortunarely 
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It not poorible to ure.. qcuntitstively the 
importance of each fector In CEFClz uith 

recpect to the Incraaaed eteric Interatioa 

expected In the axial fom . . a re.ult of 

the larger puckering of the seven-mexbered 

ring. 

Compound r(OI!4) alro exhibit. the .ne 

trend although the -4C” value. Ia the tvo 

.olventr reveal conformer populationa 

different frox Cl and OCE3. Back bonding 

to d orbitala of the SI atom ought to change 

the electronic denaity on the oxygen .toe 

and thereby modify the ugnituda of the 

dipole-dipole Interaction.. 

Contrastingly compound 2 (OCOCX3) and 5 

(OCOCF3) rhov very little conformtional 

change on changlrrg the solvent fra CS2 to 

Ctwc12. Such a levelling off effect ha. 

al.0 been obrerved previourly 4b and I. 

thought to be related to chan8ea In 

electronic dea.Ity of the oxygen atom a. a 

re.ult of delocaliratioo of the oxygen lone 

paire with the carbonyl group. harked 

difference. between OCOCi+ and OCR3 group. 

have al.0 been noted for 5-eubrtituted 

1,3-dioxanea 1Ob and ratIonalI.ed In term 

of a so-called charge attraction mnchanI.m 

favoring the axial conformer. If .uch an 

attraction existed In 3,, It would w.t 

probably bc accompanied by xodIfIc.tIonr In 

the dipolar Interaction uhich could becow 

10.. Important. Hence, the relative 

In.cnaItIvIty to rolvent change.. 

The re.ultr obt.Ined for the .erIes of 

L-.ub.tItuted derivativea reported In Table 

IV l hov striking difference. coxp.red to 

ob.arvatIon. uade for l ,,dOgOU# 

S-rubrtituted derivativea. It I. .een that 

IO CS2 all -4cO valuea are larger and that 

the rolvent change to the more po1.r cBpC12 

reducer dco (I.e. accruad axial 

preference Inrtead of equatorial preference 

noted for the S-•ubatituted family of 

corpound.) for ,9 (0%) and 1. (Cl) vhile 

for 11 (OTMS) the trend I. opposite. The8e 

effectr no doubt ar1.c fra the proximity of 

the v-electron centre which can Influence 

confomational preference through achanirma 

Identif Ied recently for 3-wb.tItut.d 

axo-wthylene cyclohexane.. 4C - 

TID’ Vol. 3!3. No 7-D 

For tha 4-xethyl derivative &4, the 

equatorial conforwr I. preferred by only 

0.00 kcallmole and this -AC0 v.lue Ia 

virtually Independent of .olvent. The 

difference betvean this value and the 1.7 

kcal/mole preference for the equatorial 

conforution In cyclohexane 9 (the A 

value) I8 due to a reduction of the rteric 

Interaction ariaing froo the replaceuent of 

a E-axial proton by v-electron. of the 

aromatic ring. It is therefore clear that 

for the polar .ubatItuents ateric repulsion 

alao ought to be lea. In thi. fuily of 

compounds. Furthemore. It Ie pertinent to 

point out that the -AC0 value of the 

methyl group In l.4 I. .ioIlar to that of 

3-wthyl-exo-methylenecyclohexane 4b (15, 

x - Cr$;co = 0.00 I 4r In the Table 

IV). It I. therefore reasonable to aBauee 

at the outeet that forcea at work In the 

nix-membered ring ahould be relevant for the 

aeven-eeebered ring. Thua dipole-dlpolc 

luterations ought to be conclidered first to 

explain the obnervation. for l,2 (Cl) and ,9 

(OCli3 ) In a qualitative manner. DI pole 

orientations rhoun In structure8 l.9 and 2; 

Indicate that vhen X - Cl repulsive dipole- 

dipole Interaction. (larger ED tern) exI.t 

In the axial fom lj whereas for the 

equatorial fom 20 the Interaction Is either 

leer repulsive or veakly attractive 4C. 

Therefore, In a non-polar solvent such a. 

cs2, the axial fom will be deetabillaed 

uhere.8 In a more polar aolvent such a. 

CHPCl2, dipolar repulsion will become 

l ealler .o that the amount of the axial fom 

ehould Increase. Purthemore, salvation In 

CHVCl2 ahould alao rtabillre the oore polar 

axial fom SO that both ED and ES terns 

favor the axial fom In the core polar 

rolvent. 

The case of 2 Ia slightly more ccmplcx 

ovWT to the poa.IbIlIty of subatituent 

rotation and a different substituent dipole 

orientation which should bisect the CH-O-CH3 

a-la. Recently published results 4b.c 

for 3-eethoxy-exo-xethylenecyclohexane (15, - 

X - OCD,) are pertinent because they 



1056 D. Mkmn~ and M. ST.-JACQUES 
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indicate that a repulmire dipole-dipole 

Interaction In the axial fore I# rerponsible 

for a *Co value of 0.80 In cP2C12 uhich 

becomer 0.11 In ClWCl2 a0 a consequence of 

the attenuation of the dipolar Interaction. 

In the case of t, the average -dCO value 

of 0.22 IO ClWC12 IO quite clore to 0.11 as 

upected wheream the value of 0.45 In CS2 IO 

smaller than the velue of 0.80 for the 

ml-bered anelog IO cP2C12. Different 

dipole orientation cawed by differences IO 

ring geo#try could account in large part 

for the different valuer. Furthermore, 

a quadrupolar contribution could be more 

significant for T. Neverthelers, the trend 

Ir the same for both ring l itea~ 

The acetate derivative 12 Ia rather 

Iorenritive to solvent change aa Is the cane 

for the analogour rix-mem bared compound. A 

change In the nature of dominant mdmniem 

to cherge attraction could account for this 

feature. 

Surprisingly, 1L (OThS) rhovr en 

unexpected conformational chaage whereby an 

Increare In l olvent polarity favor the 

equatorial form relative to the axial form. 

The reaaoo uhy ‘,’ vould show an apparently 

abnormal behavior, while 5 dit not In the 5- 

substituted reries, Ia not obviow. Why 

doea the Increase In rolvent polarity favor 

the equatorial form for 11 alone? One 

poooibllity Ia that l olvation overridea the 

accrued axial stablliratlon hen the dipolar 

repulsion II removed. 

PrefereotIal rolvatIoo of the 

equatorial form could exist although It In 

not clear why. Poraibly hydropen bondi- of 

the CH?‘C12 molecular could be stronger 

bcause of a specific Interection vith the 

(X?iS l ubstituent and for steric reamone 

would be rtroager In the equatorial than IO 

the axial form. The very strong equatorial 

preference for ,5 IO CIWCl2 ry ale0 be a 

cooaequence of ouch a rpecific Interaction 

of the cRpCl2 molecular with the equatoriel 

OThS rubrtituent. Back-bonding (pd) In the 

0-W bond might be rerponrible for thir 

specificity. 

It Im Intereating to point out other 

cases where the 0-SI(CIl3)3 rubrtituent rho- 

accrued equatorial preference. 

Trenr-2,3-d1(trImethylrIloxy)-l,4-dIoune 

2o Is ruch l ceme even though the cause 

may be different from that of ‘,’ although 

fundamentally related. 

13C NMB perameterm. Subotitueot effectr 

determined from room temperature spectra are 

not l Igoificaot becauoe they represent a 

population dependent average of the eff;ct 

of the rubmtituent In an axle1 and 

equatorial porition. 

Observed o effect6 In both retiea of 

seve-mbered compounds are very similar to 

those observed IO the cycloheune ryatemB5 

The a. affect belag mostly dependent on the 

electrooegativity of the rubrtitueot, the 

order of Increaring o l ffactm Ir the mame In 

both serier aa IO cycloheuoe, I.e. OCrg> 

CCOCrq >OE >CH3. 
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Furthermore, 8 effecte era ~180 very 

similar to thoac observed for 

uonoaubatitutad cyclohexene derivativea. 

Koweoer , difference8 exiat between the 6 

effects determined for carbon 3 and cerbon 5 

in the 4-aubatituted aerie and moist 

probably reflect geometrical differencea due 

to the absence of ayxaetry with respect to 

the C-X bond. 

Inportant differencaa are noted for y 

effects between the two aeriaa aud between 

values reported for the cyclohexanc ayatem 

It ia noteworthy to point out that for the 

4-eerier, only C-6 ia actuelly conaiderad 

becatie the other y-carbon (C-l) ia an ap2 

carbon. 

The Ye values for ths 5-rerlrr 

reported in Table II are appreciably uore 

negative then those of eorraapondlng 

cyclohexane derivativea. In addition to the 

upf ield shift, throught the so-called 

Y.ntl effect, exerted by polar 

aubstituenta, there appear8 to be another 

contribution duo to difference8 in ring 

geometries 21 for the two ring sire ee is 

moat clearly aeen for the ye of the C&J 

group. ya value4 are ala0 more negative 

for the seven-membered compounds. 

Conatrartfngly, the data for the 

kaubatftuted aeriaa are closer to that for 

cyclohexenea. Differencea in dihedral 

anglea are mat probably the cause. 21 

Finally, obaerved 6 efftcte are nall 

(-1 to -2 ppm) end l inilar to thoae obrerved 

for aDnoaubatitutad cpclohexene derivatives. 

IIKPKKIhKRfAL 

Melting pointa are uncorrected and vere 

determined wfng a Suchf malting point 

apparatur . The vpc analyaea and aeparetions 

were carried out on a Varian herograph model 

920 iaatrument using hclfu aa carrier gu. 

The variable temperature lli l pectre 

were recorded with a JISOL model JKK-4-R-100 

instrument oparatiag in tha CU mode at 100 

l4Ka. Deuterlun decoupling was performed 

with a heteronuclear decoupling unit JKOL 

model JIM-SC-KC. The 13C l pectre verm 

recorded with brord band 1~ decoupling on 

a Bruher WE-90 faatrument operating at 22.63 

MHz with a pulae engle between 300 and 

650, SW- 6000 Br, date aire - SK, AQ - 

0.679s. For moat spectra, the pulae 

repetition tine was l pproximataly aqwl to 

the acquiaitioo time except for the epectra 

used for integrationa, for which it wea 4 

sec. 

All 1R aiulyeer unre performed on 

remplea of 20-30 mg of the compound in 

0.5 ml of solvent in l taadard 5 m tubea. 

All 13C analper uere performed on l amplea 

of 106300 mg of the compound In 2.5 ml of 

solvent containing l3X (v/v) of CX&Clz (for 

locking purpoaea) in l tendard 10 m tubes. 

All remplea were degaaasd end mealed. 

The value4 of K reported from 1K 

aeaaurement* are l mean of 5 iategratioae 

U&lg the electronic integrator on the 

fnrtruaent. The preclslon is estimated from 

the standard deviation. When eaa8urewnto 

of K are ude froa 13C spectra, moat 

authora we a man of the reaulta obtained 

for several peira of carbon8 in the 

molecule. 

When only one peir of atgtula could be 

wed to dateroina K, the value reported ia a 

meen of 5 to 10 integrationa wing the elec- 

tronic integretor and the precision la eati- 

mated from the atandard deviation. If more 

than one pair of l ignala wes wed the value 

reported ir l meea of the valwr determined 

for each pair. Typically the pracirioa on 

-4iP valws rengea from .Ol to .06 lkal/ 

mole while the uncertainty on relative 

conformer population4 doea not exceed 4%. 

sTKTmIs1s OF COMPOuKDs 

4,5-Denrocycloheptea(2l) 

A solution of 4.6 g (0.029 mol) of 

4,5-benaocycloheptatrienone 22 in ethyl 

acetate Van hydrogeneted wing SO0 mg of 

pelledf um-on-chercoal (5X) at room 

temperature and a pressure of 1.7 atm during 

10 hours. An oily substance (4.6 g: 9g%) 

W&S obtained after avaporatioa of the 
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l olvent at reduced prerrure. The knoun 

capound lbh 21 uaa identified by its %I 

IUB l pectrum in CC&: 6 7.1 (48, I), 6 2.68 

(8Ii, M1BB’. E-2.3.6.7). 

4.5-Benrocycloheptanone-2.2.7.7-d+ (21-k ). 

A mixture of 1.6 g (0.10 ml) of 21, 4.6 8 

of l nydroum XQC$ and 47 ml of 90 “*a 

stirred under raflux for 24 hours. After 

Cooli~, the mixture va# extracted with 

ether and the organic fraction dried over 

nSso,* Evaporation of the solvent under 

reduced prearure yielded 1.65 g of 2_1-d4 as 

an oil uhich uaa characterized by its 1iI 

!BIR spectrum in CBClI; 7.2 ppm (48, a, Ar), 

2.8 ppm (48, a, H-3.6). 

Compounds z-8_ vere prepared either from 2,1 

or 22-d,, by published rathodm. We report 

klou the procedurea rued to prepare the 

deuterated darivative~ of 2-z and s, 

Analytical 18 lq~~ spectral data is given 

for each coapound uhile the 1% IBiIl data 

io amrired in Table II. 

5-Rydroxy-henzocycloheptene-b,b,6.6-d+(7-4) 

A solution of 0.47 g (.CC3 wl) of 2164 in 

5 ml of aahydroua diethyl ether uas alwly 

added to a slurry of 0.3 (I (.OC8 rol) of 

LiAlR, in 12 ml of anhydroua ether. The 

mixture wal rtirred at rooa temperature 

overnight. The flask uaa cooled in an ice- 

hath and 10 ml of 10% %SQ, were cautiourly 

added. The aquoum layer uaa extracted uith 

ether (2 x 40 ml) and the combined organic 

fraction8 were dried over IlgSCr, - Evapora- 

tion of the solvent under reduced pressure 

yielded 0.48 g (100%) of a white l olid. 

M.P.- 9ooc. III w, 6 (CIJC13): 7.1 ppm 

(48, a, Ar), 4.0 ppo WI, broad ringlet, 

B-5), 2.8 ppm (bA, AB quartet, E-3.7) 1.5 

Ppa (la, broad singlet, hydroxyl proton). 

5-l4ethoxy-d~henzocycloheptene-b,b,6,6-dr, 

(2-d4) 

A suspension of 0.5 g of NaA in 5ml of 

diglyme YAA alovly added to an ice-cooled 

solution of 300 mg (.002 mol) of 7-d4 and 2 

g (.Olb sol) of Cd31 in 5 ml of diglm. 

The mixture uaa stirred at room temperature 

for 4 hour.. The flask uaa again cooled in 

an ice hath an 10 ~1 of methanol were 

cautiously added. Water and ether were 

repamted. The organic layer uaa uaahed with 
. 

uater to eliminate diglyw aad dried over 

ne8Ql’ The l olvant was evaporated to a 

total volume of ahout 2 ml and 50 pl 

fractionr of thim solution uere purified hy 

gas chromatography on a SE-30 column (30X, 

6n x 1 cm). A colorlaw liquid (100 q; 

30%) uaa obtained. lli IBiB. 6 (CBClt): 

7.1 ppm (411, ., Ar), 3.4 pp. (1R. ., E-S), 

2.7 ppm (bH, AB quartet, R-3.7). 

54Acetpl - benrocycloheptene-4.4.6.6-6, 

(3-6,1 

A solution of 100 q (.0006 mol) of L?l,, , 

2.4 ml of dirtilled pyridine and 1.2 ml of 

acetic anhydride vaa stirred at ram 

temperature for 20 hourr. IiCl 3x (20 ml) 

vaa added and the mixture use extracted with 

ether (3 X 25 ml). The combined organic 

fractions uere washed with a saturated 

rolution of NaHC@ and dried over Ii&W,. 

The rolvent uaa evaporated to a total VoluM 

of ahout 2 al and 50 plfractionr of this 

l olution were purified by gas chromatography 

on a SE-30 colum (30%. 6 I X 1 cm) to 

yield 55 mg (44%) of a vhite solid. I4.P. = 

86 %. 18 NliR, 6 (CM&): 7.1 ppm (48, 6, 

Ar), 5.1 ppm (1~. a, H-S), 2.8 ppm (4R, AB 

quarter, E-3,7), 2.0 ppm (38, a, CCOC$). 

54Trifluoroacetyl-henzocycloheptene-4.4.6, 

6% (4-4 ) 

A rolution of 300 ~8 (.002 101) of I-Ct, and 

0.6 ml of trifluoro acetic anhydride van 

stirred at 350C for 20 minute0 and at room 

temperature overnight. The exceaa anhydride 

van dirtilled and the l rter uaa diaaolved in 

1 ml of CCL+ . Fractiona of 50 pl of thir 

solution were purified by gas chromatography 

on a SE-30, 30% column ( 6 m X 1 CD) to 

yield 120 q (28%) of a uhite l olfd. I4.P. - 

67-69 C . III MB, 6(CBC13); 7.2 ppm (bR, 8, 

Ar), 5.3 ppm (iii, a, H-S), 2.8 ppm (bR, AB 

quartet, B-3.7). 

5-Chloro-henrocycloheptene-4,4,6,6-hL6-db) 

A solution of 1.0 g (.006 mol) of /-do, in 

10 ml of Ccl,, uaa stirred for 10 minutes and 

2.0 g of dry triphenyl phoaphine uare 

added. The aolutioa uas stirred under 

reflux for 1 hour then cooled to room 

temperature and left to atand overnight. A 
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precipitate formd which baC_ more 

abundant when 10 ml of n-pentenc ware 

added. After filtration, the l olvent vae 

evaporated l od the remaining yellou 011 uaa 

purified by gar chromatography. There use 

ample formation of an aerosol aud only a 

small quentlty of pure 6-6, was obtained. 

The melting point le close to r’oob 

temperature and the product axlrta in both 

liquid and solid state, %I WR, d(CDC13): 

7.0 ppm (411, S, w, 4.2 pp0 (la, l , R-5), 

2.6 ppm (4R, AB quartet, R-3,7). 

5-Methyl-Benrocycloheptene (8) 

A solution of 0.61 g (.0039 mol) of 

5-•xo-methylene bencocycloheptaae (prepared - 
on adaptation of the mthod of Bertlnl and 

coworkers 23,24) in 25 11 0f methanol me 

hydrogenated la 2 atme of & at room 

temperature for 19 hours urlng 0.18 g of 

palladium (5%) over charcoal l e catalyrt. 

Evaporation of the rolvent under reduced 

preaeura yielded 0.58 g (94%) of B which was 

purified by gas chromatography on a SC-30, 

30% colum ( 6 m x 1.0 cm). The ample 

formation of an aerosol accounts for the low 

yield (0.12 g, 20X) of the purlflcatlon. 

The product vaa obtained as a colorless 

liquid. 1El t@lR, 6(Cs2): 7.1 ppll (48, a, 

Ar), 2.9 ppm (4R, multlplet, R-3.7). 2.0 ppm 

(4A, multiplet, R-4.6). 1.1 ppm (4A, doublet 

+ nultlplet, CR3 + R-5). 

3.4~benrocycloheptanone (22). Thin compound 

was prepared from benroauberona by a 

procedure already published 25. It wae 

identified by its Ill NMR l pcctrum which 

was identical to that reported 24. 

Derivatives of 3,4-benrocycloheptanone 

Compound e-1 2, their tatradeutero analogs, 

and E were prepared frop 22 according to 

the same procedure as that described for the 

corresponding 5-substituted derivatives. 

Their lH and 13C W spectra were 

consistent with their structure (Tables I 

and III). 

EEFEKERCCS 

1. M. St-Jacques and C. Vazlrl, Org. Magn. 

Reaon., 5 77 (1972). 

2. A prallmlnery version of part of this 

vork was vrltten in Wench by D. Mnard, 

&SC. Theala, Unlverrlty of Mutteel, 

December 1978. 

3. P.R. Jensen and C.E. Bushweller in 

Advances in Allcycllc Chemletry , 

Academic Reea, I&w York, vol. 3, 1971. 

4. 

a) J.B. hmbert, R-R. Cllkeun and E. 

Stedman Uagyar, J. Am. Chem. Qoc., 96, 

2265 (1974). 

b) J.B. La8bert and R.R. Cllkeman, J. Am. 

Cheo. Sot., 98, 4203 (1976). 

c) J.B. Lambert and K-H. Taba. J. Am. 

Chem. sot., lo3, 5828 (1961). 

5. 

a) D.K. Dalllug and D.H. Grant, J. Am. 

Chem. sot. ) E, 5318 (1972). 

b) E.J. Schneider and V. Boppen, 

Tetrahedron Lett., 579 (1974). 

c) O.A. Subbotln and N.M. Sergayev, J. k. 

Chew SOC., 91, 1060 (1975). 

6. E.L. &tell, D. buer and GE. Maclel, 

J. Phyr. Chem., II, 1865 (1973). 

7. P.W. Yehrll and T. Ulrthlln, 

Interpretation of carbon-13 nmr spectra, 

Heyden. London. 1976. 

8. A. Booth and M.L. Jorefowlcr, J. Cher. 

Sot.. Perkln 11, 895 (1976). 

9. H. Booth and J.R. Everett, J.C.S. Chem. 

Corn., 278 (1976). 

10. 

a) M.K. Kalouatlan, J. Cham. F&c., 5& 777 

(1974). 

b) H-K. Kelouatlan, 1. Dennis, S. tiger, 

S.A. Evans, P. Alcudla and E.L. Ellel, 

J. h. Char. Sot., E, 956 (1976). 

11. R.J. Schneider, J. Am. Chem. Sot., 94, 
- 

3636 (1972). 

12. S. Labb6. PI..%. Thesis, Unlveralty of 

Montreal, 1979. 

13 

a) R.J. Abraham and T.II. Slrerne, J. 

Chem.SoC., Perkin II. 1587 (1972). 

b) K.L. Ellel and R.J.L. Mertln, J. Am. 

Chem. Sac. , 90. 689 (1968). 



1060 D. M~NARD and M. ST.-Jacqm 

13 

c) R.L. Eli81 and C.C. Gilbert, J. Am. 

Chew Sot., 9l, 5487 (1969). 

d) J.A. Eirech, Topice Stereochem., 1, 199 

(1967). 

14 

a) N.D. Rudolph, R. Ualrer and I. Rrutrik, 

J. Mol. Spectroe., 47, 314 (1973). 

b) N.L. Allinger and W.Srkrybelo, J. Org. 

Chem., Es 722 (1962). 

15. E.L. Eliel, N.L. Allin8er, 8.3. Angyal 

and G.A. Mottleon, Conformational 

Analyeie. Interrcience, New York, 1965, 

pp. 460-462. 

16. D. Mnard and H. St-Jacquee, unpubliehed 

rerulte. 

17. R.D. Stolow and T. Groom, Tetrahedron 

httere, 4069 (1968). 

18. R.J. Abraham, N.D. Banke, E.L. Elfel, 

0. Nofer and ILK. Ralouetian, J. Am. 

Chen. Sot., 96, 1913 (1972). 

19. P. Loumtalot, H. Loudet, S. Gromb, P. 

Metrae and J. Petrieeane, Tetrahedron 

Lettere, 4195 (1970). 

20. B. Pucha and A. Ellencweig, Nouveau J. 

de Chimie, 3, 145 (1979). 

21. J.B. Lambert end A.R. Vagenae, Org. 

Ma@. Ras., l7, 265 (1981). 

22. 14.J. Cook and E.J. Forbes, Tetrahedron, 

24, 4501 (1968). 

23. P. Bertini, P. Graeeelli, G. Zubiani and 

G. Cainelli, Tetrahedron, 26, 1281 

(1970). 

24. G. Bodennec and U. St-Jacques, Can. J. 

Chem., 55 1199 (1977). - 

25. R. Nuiegen, E. Ravenbueh, G. Seidl and 

I. Yimmer, Juetue Liebigr Ann. Chew, 

67l, 41 (1964). 

ACKNOWLEDGMENT 

We vieh to acknovledge the contribution 

of Mr. S. LabM in preparing come of the 

compound0 cited in thie text and performing 

their lil HtR l nalyeie. We vieh to thank 

Ur. R. Meyer for hie technical areietance 

and the NaturalSciences and Bngineering 

Research Council ofCanada and the tUnirt&re 

de l’education du Qu6bec for their financial 

aeeietance. 


