
TRANSMISSION OF SUBSTITUENT EFFECTS THROUGH 
THE UNSATURATED SYSTEM IN RING-SUBSTITUTED 
a-METHOXYSTYRENES AND RELATED COMPOUNDS 

A few studks on tbc transmission of substitucnt effects rin6 in 22 out of cophouity with the ethyknic system, 
thh& tbc ring of ring-substituted styrenes (1) to the 
etbyknic system have been reported, with ‘H NMR’-’ or 

kadin6 to reduced ovcrkp between the I orbiis of the 
adjching uuauntcd moieties. 
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“C NINE* spectroscopy u t& experimental took. The 
‘H NMR studks hve rcvcxkd thu tbc pokr effects of 
m- and p-subs~nu (X) UC nkely tmlsmitted to tbc fi 
arbonoftheethyknicbond,xsju&dfnmt6oudlincxr 
correlations between the Ii, (and esp&mUy. H,) proton 
chemical shiftx and the Hamlnctt 0 pafunetcr (see also 
Ref. 5). On the otbcr bxnd. cofrektion between the u 
proton cbcmkal shift sod u is kss good. The “C shield- 
ingoftbt~cubon,knnotthoKoftbcaurbon,hve 
alsobeenfoundtoklincxrlycorrcktedwiththeHlm- 
mettov8lucs~Inaddhion(andurcotucqucnceofthe 
above fact&good corrckths exist between the H. (and 
HJcbemkxl’rbatraodtbc”c~oft&~ 
cubon. 

Rcsi&xtbaestudksonstyrenuwithmua8ub 
sthtaisiQchxin.r’%invuti&oaofthctnuxmk- 
sion of substituent cthcts in /I-Me subxtitutal styrenes 
(2Zand2R)hubcenpublisbaJ.‘Ik/3cubon”C 
c&mial shifts were agxin mu liiy cofrcktcd with 
theovalues.lleccbondofthe2flmnxppcadto 
be a somewhat kss ctlicknt transmitter of substituent 
effecutothcBcubonthrnlhrloftheEform.Thiswu 
cxpkined to be caused by some twisting of the aromuk 

IEeprcscntpapcrdcraibestbcmultsofr”CNMR 
sdy of the tfulsmhi of substituent effects in the 
o-Me0 subxtitutcd dcriv8tives of I and 2 (3 mnd 4. 
respectively), compou& tht are structurxuy cktlely 
rektedtothexbovcok6ns. 

Yk cxpcfimeotal ‘C chealial shifts for SonK 
ChuactaS peaks of tk canpounds invatigalai. 
mcuural dowtkld from intuuxl TMS in CDCI, sohion. 
are Iii in Tabk I. Lest-squua treatment of the fi 
carbon chemical shiftx SCC-4) a@ainst the Hammctt u 
values’ pve tbc fouowing l!qlLuioIW 

3~ S(C+) = (3.7iO.B)o + (81.42 iO.12) ppm (conchion 
coe5cknt r = 0.926). 
(B: S(C-#) - (2.6 f 0.3k + (93.94 f 0.04) ppm (I = 0.980). 

&3,. 
8(C_8)-(5.lf0.7)0+(108.J2fO.I2)pgm (I= 

T& best linar cor~&tiom between SCC-#I) and u was 
found for 4& in wbkh tbc fi cubon shift is last 
semitive to substituent chaqps in the aromaic ring 
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T&k I. ‘C chcmiid shifts (in ppm from 
20nustym2&fivalivcrinCDCI, 

X 

9 Me0 
=(J 

a’ a* x 6(c-4 6(W 60-I 60’) CO*, 
B n F-ma 154.15 80.11 55.11 

vdm ‘55.72 00.04 55.” 

8-b (55.66 81.54 55.15 
I 155.72 61.65 55.11 

9-2 lH.% 21.54 55.25 

P-Cl 05.02 w.ob 55.19 

lb2 v-0 155.51 95.10 54.w 12.90 

2-m 155.55 95.52 54.79 12.22 

m-w 155.75 93.66 n.t9 12.22 

* 155.26 95.91 54.79 12.74 

V-2 lWrc.95 96.24 55.01 12.86 

PC1 154.37 94.17 54.87 12.62 

Y wm 155.55 106.81 52.11 10.22 

v-lb 155.55 lat.79 58.11 10.811 

wm 155.w 108.45 56.19 10.22 

II 155.26 102.61 56.19 10.82 

2-V 154.62 lo&d9 w.55 10.90 

p-cl 1);.37? 109.41 58.Y lO.% 

(from tk above cquatioos. tk Hammctt p valms k 
3.7, 2.6 and S.I ppm/u. mpectivdy. for 3, 4E and 4Z). 
Gcncmlly. linear nlationship ktwcen d(C+) and u is 
oat 8s good for tk vinyl ctkrs as for tk dkncs 8nd 
tk p values 8re lower for vinyl ehcrs. as may k seen 
from tk following discussion. 

Tk “C NMR study of 1 includes tk same sub 
stituents as used in tk 
of tk p-F derivative. 

grcscnt study. with tk exclusion 
However, tk “C shift value 

given for tbc fi cuboa of tbc p-Me dwi~th;w~ 
anmndous ad host ccrt8hly is uroacou . 
shift vduc of tk p-Me dchtivc is omitted from krst- 
squares treatment of W-/3) VI u, a p value of 6.9 ppm/o 
and a correlation coeficknt of 0.W arc obtained for tk 
B~nckmicll~trrlrtion.FortZmd2&thep 
values ue 5.2 urd 6.6ppmlu sod tk corrclrtion 
coe6cknts 0.992 and 0.991. mpectivcly~ Tk 
si&kWwXoftksefrctsisdircussedbebw. 

Tkpv8llKsfor38nd4E8rchoutbldful8r@eu 
tboscfortkcormpondinpalkncslandtZ.whicb 
showstkttk8bilityoftkvinyletkrdoubkbondsin 
3 and 4E to tnnsmit substitucnt effects to tk /J carbon is 
only kif of tkt of tk “ordinary” CX bonds in the 
alkcmland2&IIisnuykcrtphinsdontkbasisof 
jP~P~atior’ in vinyl ctkrs. wbkh 8pparcntly kads 

QuMe bond ckractcr of the d&tic linkas and tkreby 
to a waker tnnsmissiin ability (siqtk bonds are kss 
effective tr8nsmitters of substitucnt effects tkn double 
bonds: see. e.g. Ref. 2 for shift data for substituted 
styrenes and etbylbenxcm). An interesting comparison 
is provided by tk tkrmodyaunks of isomaizath 
experiments on vinyl etkrs. wbkb ks shown tkt tk 
stabilization exerted by alkyl ~roupr on tk doubk bond 

of vinyl ethers with unbin&ral conju&on in tk viny- 
bxysystemiscaklftkstabihthbrou&taboutby 
tk saw groups on tk %rdii” CIC bond of 
aikcncs.&’ which is 8notkr indhth of tk reduced 
doubk bond ckr8cta in vinyl ehers. On tk otkr hand. 
Ibe p v8lut of S.1 ppm/u for 4Z is only sli&tly sm8llcr 
tkn tkt (6.6ppmh) for tk corrcqoodiq 8lkne 2& 
which shows tkt p-r coaju&on in 42 is cssenthIiy 
hil&rcd.ThirmmnstkttkMl!o~pof4zW~ 

-rminly tk nonphmr -be conf@rath. ahkugb 
some contribution from tk phnu s-rmnr co&uation 
may also k present.” 

As mentioned above, linear correlations ktwecn b(C- 
4) 8nd 0 8rc worse lot the vinyl ttkrs tkn for tk 
alkencs 8nd in tk case of vinyl etkrs tk correlrtion 
falls in tk sequelIce 4E8>4z>3. MO cakulations” 
sbow tkt in vinyl ctkrs conjugation in tk vinybxy 
moiety kads to excessive positive 8nd ncptive ckrges 
oo1&O~C-~rloms,m~ely,bu(chacirrlror 
amUexccxxofpoxitivechugeontkC~atoat,which 
is directly Iii to the pknyl group of tk present 
compounds. Now if there is in tk pknyl ti a para 
xubxtitucnt which can donate negative chrp to tk a 
atom through its rcsonutcc elkct. negative chugc den- 
sity should inucascintkC~systcmandaccurd- 
il@y. &out tlhe c-4 Mom. which ludr to “C Bbsorp 
tioo8th@l!ftkld.Tbebl?stcoaditionaforthiscfft!ct 
toapparareachkvedwkntkconju&onintkviny- 
loxy moiety is unhindcrcd and wkn. moreover. tk 
aromatic riu is coplanu with tk cthyknic system. In 
tk present compounds. 3 fdtllls these rquiremcnt per- 
fectly and tk shift values for espcci8uy tbc p-Mco, 
p-F and p&l derivatives, which UC ekctron donators 
throqb tkir monunzc effect. 8rc indeed lower tkn 
expected from tk shiftx of tk o&r dcrhtivcs. In tk 
vinybxy system of (& conju&on appears to k as 
unhindtnduinJ.butthcuomrticri~istilredoutd 
a+auity with tk okhic system, py by 3&3P 
UiathCCOITCSpOd&dkCllC22. OllthCOtkf 

bud, in U p-r conju&oa is essenthlly reduced 8nd 
tkreforc tk positive charge on tk a carbon must k 
very snmll. wkreby rcsoaance interaction ktwecn this 
chrp 8nd tk p8ra substitucnts is neglii. The rbovc 
rcuow smts tkt in uses wkrc linear corrchion 
ktwecn S(C-8) lad u fails, a ktter correlation m@t k 
obtahd by represent@ WI-B) 8s a function of tk 
hmmett u* puuactcr. U* tk u* values given in 
Ref. 7. tk following equations were derived by linear 
kast-squues treatment of d(C-#) VI 0.: 

3 8(C+3)=(2I5~0.17)u’+(81.69~0&9ppm (r= 
0.M). 
(g: 8(C+)=(I.25*0.)7k’+@4.07*0.13)ppm (r- 
O.&A). 
4Z: S(C-/I) - (2.76 f 0.35)~’ + (ltB.85 f 0.12) ppm (r - 
O&9). 

Tbt best linmr corrclath is now obt8ined for 3, in 
agreement with tk discussioa given above. 

Tbc/3cubonchcmiulshiftx0fthe2iloIBer(4z)m 
l~lSppmhigkrtkntboseoftkEform.inlinewitb 
tk comrponding shifts for many ~&fisubstituta! vinyl 
methyl ~tkrs.‘~ Moreover. in tk Z isomer tk carbon of 
tk~MegroqIabsorbsc4l.2ppmup6eldmbtktoftk 
Me0 ooup co 4ppm dowalkld from tk correspoodinl 
cu&nsoftheEfomt. 
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