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1: X-CHX 3: X-Cl&, R-H 
2z x-o 4: X=CH, R-Me 

s: X=CHa R=Et 
6: X=CHx. R-CR 
7: X-O,R-Me 

I: X-CH, R-H 
9i li-CHI. R-Me 

II: X-CHh R-Me 
l2~ X-CHb R-i-R 

It X-O. R-H u: X-O. R-Me 
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tbeUWlUiidllUldWMdi@y,tkpeuairtk 
cxceuofol!getivechrpxboutt&~arbonoftbc 
vinyl~.~intbechnic8lshiftofthisc8fbon 
shouldthua~to~inp(rconjuOSion(in 
tberkcncedothecintaf~fxctera):enbrncsdcoo- 
jt&0ltgiVUricctokW?iJStli&h#(8mrtlbvJlle 
fdetivetoTNs)oftbeoknllkarboninqwion,xod 
viccveH&Thstbecb&cxlstliftoftJhcxrbollbOf 
mostimpormaceinthepmeatsttnly. 

Ik’Ccbemialahift&txgiveniaTeb&Ickerly 
coaththercxlityoftheexpectai~dilTerencuia 
thecbcmicdfbifisoftke~ycticcuboauolnforthc 
5- and baaemkrad betcfocyck¶ with 80 exacyclk c< 
bood (cocapue alift data for 1. 2. 2 end I.). In the 
S-memberedkterocycks~xad1CtkriaJIof~C 
xtemcoocu&ucfomnlca lfl5ppmupWdfrom 
thoxeoftkwrmpoad@6-memberedbcterocycksI 
8od 2. In t& rape&e CxrbocyckS. methykwcycb 
pmtxne cod metbyknocycbhxxoe. the txocyclk cu- 
boo xbwrba It 8 194.9 Md M.8 ppm. respectively~ i.e. 
tbc corrapondiug shift dihreocc is aaly co. Zppm. For 
compuicoa,itkinterea~toootetbxtintbeEform14 
dtbeiaomuicryclicvioyletbefsshowlbdow(wbcfe 
R’mdR’arealkyloruylOoupc).(bc/?cuboaoftbe 



80. w c+ cq C-6 c-e (a:)- other 

!. 154.80 29.52 25.15 25.18 69.52 91.04 

3 lE.50 29.95 6L% 9b.w 95.51 

r 144.24 loo.11 19.65 22.90 65.79 

f 15l.Q 95.51 20.14 22.50 66.11 10.47 (k) 

: 155.29 156.18 95.e9 92.45 =.)o a.22 22.66 22.74 66.11 66.11 27.29 52.75 (W2,, (01). 20.47 11.55 (Ut) (b) 

!. 151.06 96.97 64.m PO.56 19.49 (ND) 

p 152.12 29.00 25.26 70.66 78.10 

t 149.12 26.25 29.54 69.60 97.22 19.53 wa, 16.5? (IbIb 

‘3 155.69 66.16 97.6 78.57 

1.t 155.15 94.46 50.46 10.01 15.a (IN 

1% 15a49 91.29 29.97 69.n 27.55 ma, a.)0 (Jw 

1z 157.26 122.72 9e.19 9.w (lb) 

Tkmustpmhbkconfarm8tiDosof18d28recithez 
8 Chrh (111) or 8 hplf-dir (IV). The chair confomdon 
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h8sbeen8uzii’tothcc8rbocyclic~ofI8nd 
2, methykeecycbheunc. whems simpk 6hctones (16. 
x = CH3 8nd coxql+3diox8oes Cl6;Jx = 0) 8re uid ” 
ser the* &lf+lr coafamrtion. TIE ch&e In 

orm80oa on M from methyknecyckbexane to 16 
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is likdy to 8rir from tbc hi&~ sdlixubn due to 
enh8ad p* conjllption in the 4hC(Ob system in the 
b8Ifdl8ir coddo. Thus tbc rektivdy hi& chem- 
ic8lshifuofthecxocyclkcubon8tomsin18od~ 
which point to 8 we8k conjug8tion in tbc vinyloxy sys- 
tem. exclude the b8lf4mir 8s the most st8bk confor- 
m8tionof18nd2urlprtiaSthech8irfofminste8d.Thi9 
coaclu~ion8greeswitbthe HNMRmulttofAnteunis 
8adc8medynck~wbosu#ges&d8soinl?wth8tfl8ttenl!d 
hfith mpect to t& c-24Mu%C4 poTth) ch8ir 
sINcmrcfor2.ThuritIluykinfaTafthu- 
st8bihthint&h8lf4uirconform8tionoff8nd2is 
notLrpcno@toovefri&thelkst8biiiifrton 
pfeseotinthissmlcture.~thisistbecuefor 
ln8ny 84rtones 8nd 4-ox~l3diox8ncs. The higher 
ESon8Me st8bilii in the 4M.(Ob system fektive 
toth8tintbe-U-C-Csyrlcminundmt8ad8bkonthe 
basis of the tli&ef ekctroncptivity of tbc carbooyl 
flIWtiOll.whkhf8VOYStht@8llSf~OflhC@iVeChrp 
from oxy*n to tbc CO qoup. 

Ibc most stde auhndon of mclbykaecy~n- 
lane is the nooplMu blf4mir (v, X=Yaiy).‘O T& 
dcvirtioa from phdty. whidl k likely to result fram 
t4miod strain between 8dj8cent methykne poupr. is 

notu~uinthechirformofwtbyknc- 
cycbbcx8ne. 8nd full pknuity of the rim b m 
iftodonxlar8iabrdkvalbyrqkcanentofriq 
carbonsbyMeru8tomr.lbishtteniqoftberi~is 
eukr.iftkphnufoYmc8nksPbilizsdbymon8ace 
intadonbetweentbeC<bond8nd8knuplirorbit8l 
of m adjuzot haenWom.TbuSit8pparSIhtcob 
ditbasfareahcedp-Tconjq8hrbouldkgoodin8 
(V.X=0.Y-CH~ud~bcnainlo(V,X-Y~0~. 
which m witb the high-M ShiftS of their exocyclic 
cuboauonn. 
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Astoprcoojug8tioninthe+8046-omnbered 
endocyclic~,tbe"ccllunialshift8forthe~ 
cuboooftbtviaylpoupin4,f~l1ucb%.5l.%.91 
8od %.46lQm. =pedvdY. SWati WY betta 
conju&8tkninthes-oEmkred~Thtcompouadr 
compuedh8vcbeensekctalsoth8tthesththats 
8tt8ChdtOtbhC~SyStemSShOtlhik8SSimilu8S 
possakia8nc8Sl?s;theshiftv8hleforl3isexce$tbd 
8ndnatcamp8dkwithtbosefortheotbcrcompoUk 
becuue0ftbepmenceoftbe4MhC~moktyinIk 
For comphon, tbc okhic arbons of cycbhexenc ad 
cycbpentene barb at 8 127.2 rad 130.6ppm. mpec- 
tively.” Ths the j3 arbon of 4 8bSadm ca 32ppm 8nd 
tINtof llca.#ppmuptWfro4ntbeok6nkcUbonsof 
cyck4exene 8nd cyclopentahc. mpecthdy. wttid~ sup 
poftstbc8hevkwoftbesomewb8tbettercoajug8tion 
in(8ndc.keupl8n8rityof)theS-memberal*in11. 
I-Methykyclo&xene (VI. X = Y - CH,). the arbocyclic 
lnrlgwof4rad7,kIwm”‘~toexirliatkbrlfchrir 

confamuba (VI). which slnxaxe hu 8lso been 
8Saibal”to 3. on the other band. l-aEthykyckpenteIle 
f8VOd= tbS eWl!bpt rtructllrr (vn) ” 8 &ted 
pUChdU~80Sdy@81d’d~hubee~ 
pmpou!dfof~~obviourly,itiaeuil!rfor 
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a Smembered endocyclic heterocycle to approach full 
planarity of the ring than for a (i-membered one because 
of the fewer me~yle~-rne~yle~ torsional interactions 
in the former, However, the ‘% chemical shifts show 
that the difference in the extent of conjugation in the 
S-and &membered. endocyclic compounds is consider- 
ably smaller than that in the corresponding exo isomers, 
in agreement with the thermodynamic evidence.‘3 

It is of interest to compare the ‘% chemical shifts of 
the ofefinic carbon in a given ring size for one or two 0 
atoms in the ring. In 1, the grouping (ring chain) bound to 
the 0 atom of the -O-C=C system is essentially a 
saturated alkyl group from the point of view of its 
inductive effect, whereas the corresponding grouping in 2 
may be viewed as an alkoxymethylene youp, which is 
less electropositive than an alkyl group. ’ pa conjuga- 
tion in the vinyloxy system leads to a positive charge on 
the 0 atom and hence electropositive groups adjoining to 
this atom should enhance conjugation and lead to in- 
creased shielding (smaller 6 value) for the fi carbon of 
the vinyl group. The change in the inductive effect of the 
ring chain on going from 1 to 2 shoutd increase the shift 
value of the exocycfic C atom by CCL Mppm, the 
amount observed in some acyclic compounds.” The 
experimental change is 2.5 ppm in this case. In the cor- 
responding et&cyclic com~unds 4 and 7, the change in 
S value is the same as expected, I.5 ppm. However, on 
going from 8 to 10, the change is slightly negative 
(-0.3 ppm), which probably indicates that ~nj~t~n is 
better in the latter compound suggesting that the l$- 
dioxokne ring in 10 is closer to planarity than the tetra- 
hydrofuran ring in 8, in tine with the reasoning given 
above. 

In addition to the compounds listed in Table 1, a few 
other related viny1 ethers were also avaikble for the 
present study, but because of the small amounts of the 
samples, the spectra had to be taken on mixtures of 
isomers containing impuritks and thus compkte peah 
assigrmrent could not be accomplished. ‘Ihe signals due 
to the #3 carbon of the viny! group, however, cot&I be 
identitkd and are given here: 5~~yl-2~y&of~ 
(17) d 92.67; .5-~~tyi*2~~y~of~ (18) 6 94.70; 
(Et and (2~2tthyhdenetetrahydrofuran (19 and Ze, 
respectively) b 
b~~e~~~y~of-~~~~ b %$7 at!?;; 
~bu~~ne~~y~o~ (22) 8 103J@ppm. The 
shift data for 8, 19, 29 and 9 allow us to evakate the 
effect (rr~~ effect”) of increasing methyl substitution on 
the chemical shift of the exocyclic C atom, i.e. the shift 
changes in the series: 

In the &t step, the a effect is +10.6 ppm for each 
confIgurational positions of the Me grou9) and +7.8 ppm 
in the second step. In acyclic aikenes, the vake of the u 
effect depends on the compouod safe as folkws 
(the ‘% chemical shift of the C atoms in ethyktte was 
tahen as 122.8 ppm“ and those of the other compounds 
mentioned as given in Refs. N-22): 

step 1 

t t9.5 10.8 ppm 

t a.3 
t 1.3 

step 2 

4 t 8.2 6.2 ppm 

+ 1.4 
t 4.9 

Hence in 2-~y~ne~~y~of~s, the u effect is 
comparabk to that brought about by Me substitution of 
ethykne (R’ = R* = H). 

It is also noteworthy that the olefinic carbons of each 
geometric isomer of 2~~ytidene~~y~of~ as well 
as those of 2-i~~ty~~~~y&of~ absorb at 
essentiahy equal &Id strengths; for comparison, the fl 
carbon of the vinyl group of 14 (R’ = Et, R* = Me) 
absorbs ca. 13.5 ppm upgeld from that of the 2 isomer 
(l!Qs which is mainly due to a decrease in conjugation 
00 going from 14 to 15. 
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Afaterk3ls. The prepam!& of the compounds studied has been 
dcscni dicr (1.3-4, II, ~.11,12,17,19, #I Ref. 1; 2,7 Ref. 2; 
10, I3 Ref. 23; if& 21,22 Ref. 24). 

“C NMR specht. See Ref. 3. 
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