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LONG RANGE SECONDARY ‘H ISOTOPE EFFECTS IN 
THE “C-NMR SPECTRA OF NAPHTHALENE 

AND AZULENE 
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Aura 2 34,. Naphtbknc 2.2d,-a.ruknc 3.6d,auknc 4 and 1.!4,-uuknc 5 hare barn ~pthcuzzd 
The IOr, b MHt ‘Y‘-NMR Spectra of rhcse compundr show long range Iwotopc effatr amparad wllh 
the unlabcllcd mawnrlr OWI up lo SIX hnnds Scmwmpncrl MO ulculrtlon, fwl lo mount for the 

Dcultnum ~wtopc ciGcts on NMR chcmlcal shifts 
have been known for a long tlmc.’ however the true 
c’ausc for downfield and upfield long range dtulcrwm 
15otopc CffcclS 85 under Inlenstvc current dir- 
cussion ’ lo The obserbatlon of a ~downficld ~sotopc 
cfkt of 0 I7 ppm In rhc “C-NMR spectrum of the 
cyclohcxenyl callon I was mwpretcd by Saunders as 
“eotopic fwrturharion of resonance” : 
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Slna then. ;‘- and ndownficld ~sorope cflictr have 
hccn found h) Giinlhcr’ m cyclopcnianc and cy- 
clohcptanc. where clearly a resonance pcrturballon 
can nor CXIS~ Other cxplanatlons of downfield iso- 
tope tff=ts Include ~sotoplc perturbation of qul- 
Ilbnum.’ dlffcrcnt ablhry of hydrogen bonding for 
OD- and 011 groups.’ and ConformatIonal tff~ts ’ 

A further d~uusscd reason for downfield dcutcnum 
~sotopc cffccts IS the lcss cficlcnl hypercon)ugatlve 
electron release of deurtnum atoms located In Ma 
posItIon lo a resonance system ” Very rtccntly even 
through space deulcrrum ~sotopc C&IS m para- 
cyclophancs have kn proposed ’ Although all these 
dlfiercnl mcchamsmr may be valid In ccrlam cases. 
WC would hkt to show. that slmrlar cficcls can he 
found In compounds where all these cxplanatlons can 
not be cofrCCt ‘* 
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RESUI.TS AND DlSCV!HON 

We have therefore synlhcslacd 2 3d,-naphthalcru 2 
and a scncs of dcultnrlcd arulcncs $5. all oom- 
pounds m which conformatlonal effects or qulhbnum 
~rolopc effects as well as mtcnnolecular intcracrions 
arc ncghg~hlc Smce the deuicnum atoms are bounded 
dlrccrly IO the aromallc nng system tl~ ~sotopc eCTccts 
can not be understood m terms of hypcrconjugatlon. 

The results of the “C-NMR mcasurrmcnts are 
given In Ihe Table I for the compounds 2-3. these have 
been obtamcd by mlxmg unqual amounts of labcllal 
and unlabcllcd mattnal in &-acctonc to faclhUtt the 
rcla~ve asslgnmcnt of Ihc lsotoplcally spIltred rcso- 
nance Poslllvc sign of the values given m parts per 
bllhon (ppb) mdlcatcs a downfield dcurcnum lsotopc 
cflcct 

The t- and fi&ccts arc rn the same order as 
prcvlously reported for slmrlar compounds ” In 
naphlhalcnc 2 Ihe arbon atoms at the y- and the 
<I-posItIon with respect (0 rhc dcutcnatlon show no 
Isotope sphlrmg Surpnsrngly. however. the signals of 
the carbon aloms 6 and 7 do display a small Isolopc 
&cr of - IOppb In the arulcncs 3 and 4 both 
y-~rotopc cflccts arc pos~r~vc. furthermore WC find m 
both molecules upfrcld rso~opc cfTccts over SIX 
bonds ” Hence In both mokcultr the ~sotopc &act IS 
first of negative sign. change its sign at the y-_Porlton 
dnd chanp agam ar the I -pos~bon In 5 WC find only 
ncgal1v-t ~solopc cficcls as In 2 

II has been argued” thar deuttnum lwtopc effects 
could arlsc m addltton to the mahamsms mcntloned 
ahovc from an “bnductlvc” ~so~opc cfficl Due to the 
lower /fro polnr moflon of the heavier lsotopc and 
Ihe unharmomc vtbratronal polcntral the dcutcnum 
atom IS at the average closer to the carbon atom than 
hydrogen Neutron drffractlon studlcs found a CD 
dlslancc m dcutcrralcd naphrhalcnc of I 073 A” com- 
pared wlrh the avera t CH dlstancc In l romalhz 
comyw>unds of I 085 1 ” The closer CD detana 
would lcrd to an lnductlvc etGct. which rn x-systems 
could be lronrmltted cvcn to carbon atoms rather far 
aparr from the sldc of dcuicratlon If the okrvcd 
splltlmgs arc due to such an “rnductlvc Isotope 
effect” one would cxpoct rhal Ihe signs of the substl- 
luenl mcrcmcnls of an Inductive group such as the 
methyl group would corrclalc with the ~gns of the 
~rotopc spllttlngs Thor, however, IS not the case. as 
shown by a comparison with the “C-NMR spectra of 
methyl substrlulcd arulcncs” and naphrhalcncs ” 
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ef fact. 

To gcr further rnsrght mto the nature of these 
IsolOpc effects. WC have carned out some scml- 
cmplncal MOcalculatlons on the INKI.” the 
CNDOI’2 and the MNDOC” level For thlr purpose 
the gcomcrnes of naphthalcne and arulcnc were 
optlmlrrd mth the %tNDOC program The deu- 
ttnum label was then slmutatcd h) shortenmg the 
C H dlstancc at the substltutron site from I 09 to 
I 07 A m 0.05 A steps The SFC accuracy was good 
enough to g~vc a conslrtcnt change In the electron 
dcnslty for all carbon atoms The changes In o- and 
n-electron dcnslty wcrc taken as a measure of the 
Isotope cflcct, The tND0 and CNII0.2 programs 
correctly reproduct the z -~sotopc c!Tccts glbmg about 
2 m~llrelcctron hlghcr elcaztron density at the 1 carbon 
atoms This IS expected as Judged from the well 
known rclatlonshlp of about I60 ppm per electron X 
Howcbcr. already the fltffict was predIcted by all 
programs to be of opposrtc sign compared wth the 
3*ffccr, whereas expcrrmcntally all 2- and 
fidcutenum tsotopc cfiects arc ncgatltc The pro- 
grams predict that o xlatron change IS domlnatmg at 
the rl -posltlon, whereas I( -clcctron changes cause the 
sign reverA at the P-posItIon At longer distance 
R -eMron changes become of equal magmtudc as the 
0 -electron changes The calculated dlflirena In clew- 
tron dcnsltlcs hetwccn the normal and the dcutcrlattd 
compounds. however. do not correlate with the cx- 
penmental results 

The I R-spectra of arulcnc and of dcuterlatcd dcrlv- 
atikcs of arulcnc have ken cxtcnslvcly In- 
vcstqarcd ” ‘: The authors drscuss the posslhtllty of 

Fcnm rtsonancc ktwccn the CH vlbratlons. cs- 
m-~ally for the 2 and 6 postttont ‘.‘ Therefore. on 
dcutcrla?run of one CH group the vlhrattonal bchav- 
lour of even distant CH groups can be affatcd The 
bcry small dcutcrlum ~sotopc effmts obscrbd b) 
“C-NVR could poss~hly be vlcwcd at as a NMR- 
dct=tlon of the dlflcrcnt bIbratIonal sgtuatlon of the 
dcutcrratcd compound To make quirntltatlrc prcdlc- 
tlons which arc based on thl\ model. however. 1% not 
pirrz~hle at the moment 

WC have shown that long range deutcrlum rsotopc 
cffccts can be observed In molecules where the mcch- 
anems discussed In the hterature arc not balld Scml- 
cmplrical MO calculations fall to reproduce the cx- 
pcrrmentel results Further mbcstrgatgons for an 

appropriate model. whrch cxplams the data In deu- 
tcrlatcd aromatlc compounds are nmsaq 

1 !J..~‘rphthalcnc 2 ~4% prcparcd by the deu. 
tcnudchrclmrn~tlon prooedurc” from 2.3 - dtbromo - nrph- 
thaknc ” The compw-td *as punftal by GLC %lS rnaljrrr 
shoucd a dcutenum dlstnbutlon of 3’. 4. W, d,. 5F, d: 
and I!‘. d, Thor. howcbcr. did not afkt the rr~~ltr of the 
‘(‘-NMR mcrsurcmcnts ?.d.A/ulcnc 3 uar prcp~cd 

rccordmg to the prrralurc g~*cn h) Alder ‘* &d-hnrlcnc 4 
~1% prcprrcd ucmg the unglc pot vcr*lon of the llrfncr 
arulcnc synthcslc” ltrnlng from 4+J~pynilmc a 
I .l.d.-Azulcnc WYI obtamcd by H D exchange of rlulcnc :’ 
The ioO6 IHIt? “C.h;MR yrcctrr ucrc taken on 4 Brukcr 
WH.400 swtromctcr In d,-•rXtonc wlutlons The mea. 
surcmcntl hrhc been rqxrtcd scrcral tlmcr. first with the 
purr dcutcrlatcd compound3 and then after subqucnt add)- 
tlon of vnoll rmclunts of the unlrbcllcd mrtcnal The rpcc- 
trrl width was set II, loo0 HI for nqhthalcnc and to .‘vwx Hr 
for uulcnc. b4 K %prr wcrc t&m to l llm a dlgtal 
rcwlutmn of bctm than 0 I Hr pm after the Fourlcr 
Trdn5for-m Gauuran multlphcatlons of the l-10 wu urd IO 
1ncrc4u thr mlutron 
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