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terlier quauWeohanioaI oe.IcuIationa (1) based onthe aeemption 

of -to= fzrwIf%ng d.IwaIimd 7Lewotroas ir poIyayelie 

uSfcb@rooarbmm, pr0tidedrrlueaafohemfce.I shiftsinpoor 

eg-t tit& experience. The rtioalated deshieId* wan alragra mob 

Coo lerge. An expleastion of thin di~orrpsnay was gfvah by DAILY (1) 

emd Pm 03) who suggested that looti amisotropic eontributfotie w 

plw en SmPorteat pert in the obeemed diiierenoe h ohmicd ebiita 

befnwa l *Ienic ad -at50 pmdorr. Oat&e otherhd,MUSEfD (4) 

p~imted out that tb anieetxopic mugmefic maoeptibiIf~ of mffa 

hydroesrbono oambo ao~otlyrw~reeentied as fbe saofcontiibbatio~s 

frem Iocd!fsed eIeotronr of both A amiPeharaotor, 
--y+ boh,g only M ea-bifeot of LOlWOWs apprcrinate oelouIatione . In 

order to determine ff the %5 nkaprrmf-repreneatsfion ou) reaIXy be 

en e.fd for orgsaic chemista, (I regression aneIysi6 of %ing-curreatm 

effsctr on proton ohmsicd shifts in poIyoyolio aromat&a hydrocubone 

has beon carried out. 

Ring-currmts were celoulated by MO m's eeoopd order porturba- 

tion theoxy ta)* , by the uee of a unitsrp trenefoxmation, the reau1t.s 

exe obteined in the fom 

s -8 x IO =+=2P(2re/ho)? (8*/a'). f Jp.lCp (I), 

whore fis the proton ohemioel shift, B aad H* respoatively the applied 

end induced megnetio fielde,pthe make1 resonaaoe integrd, g the 
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exek of the benzene ring end a the lenght of the benzene C-C bond. 

AS pointed out by Me W2ENY (6)(') end YELdORI (*), 5 ten be identi- 

fied as the wring-currentR in thep th 
ring, Kp being a distribution 

function of the effect of the diarsgnetio anisotropy of ring,u in spar 

01. Table I gives our oalculated rduos for the ring-current intensi- 

ties of some polycyolio aromatic hydrocarbona se compared with benzene. 

These reIues were obtained by a self-oonaistent iterative Hnckel method 

for the variation of FCC with bond lengbt ('I end taking into account 

the variation of coulomb intagrdr with nubrtitution; following IuscR~s 

suggestion (IO), we have adopted the following paremeters t 

%(CcEa) -u* d o(c(ccc) =a, + 0,04B , 

the atans in brsckets being the first neighbours of the carbon atom 

considered. 

Oar resulfe are in fair agreement with tboae obtained by JONA!l¶UN, 

GORDON end DAILEY ('I Using PORB's theory ('l), some ring-currents 

being Lowever mbsfsntially Iower (8.a for the central ring of triphe- 

n;rre=e). 

As cmggested by YBUOQ (8) , VAWX nnd FSSSJINDlW*s distribution 
f_&.ion 02)(12) was uad to enlustr the ring-current effects on non- 

hinderwd proton chemiod ahiffe in benwne, naphthnlene, aatbracene, 

pyr- end phemeathrene. Begression nnelysis of a rel&ion of the form 

s ohs' 5;+ a.5 JN.KB (2) 
rar applied in order to obtain the optimum value of the current loop 
separation. The results are shorn in Pigure I; the residual SW of 

squares of deviation obviouslj, pmses through e minimum for a separs- 
tion of 2 210~72 benzene radii or I,00 Am. It is interesting to note 

that the sepaxtion of points of maximum electron density in the 2p 
e 

orbital of rubon, aesa&& to a niqlla screening constent ealcula- 

tion (14), is about 0,7 A*. The '%este linear relation can then be 

written 1 

r SdC. 
P -5,122 + 32,2S& d J .K 

PPP 
(3) 

As shown jh Table I, oelculs.ted vklues fit very reI1 with the espe- 

&mental dues, the oonoordance being in most case8 better than 0.08 

ppm. According ta this equation, the ring-current effect in the benzene 

molecule is about I,15 ppm, which is much less Ben the conventional 

I,50 ?nm derived from comparison with ethylenio protons, and is in fair 

egreenent nitb some crude calculations of DAILEI (2) and POPL2 ('I 
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TABLEI. 

2 7,570 7,277 

4 8,648 8,104 
2 7,702 7,764 

_@% I* A B A 0,690 1,028 1 2 7,61 8,66 7,693 8.056 

*In ppm. with respect to T.&S.) sxperimental values obtained from 

ref.1 wess otbsrwise stated. 

# Obttined in thi6 laboratory in S$ CDCla solution. 

#R.C.l'- nad @.C.QRIBAM, J.Phya.Cha~., 69, 4417 (1965). 

BRtfo 

and proton chemical shifts ~cconlinp to equation 3. 

taking into account local aaisotropic contributions of both7 aud (r 
*m 

character. 

LitThwreticslly, aomparison of equatiour (1) and (8) must provide the 

rdue of the EUokrl rwenanee integr.d#;fhis gives &-IO,82 kod/ 

mol., a valua mu& lorrr than the adopted ralue of about 46 kc.l/ 

mole. Thilr dowrepauq i# not disturbing, kooping in mid that the 

Wck.1 method fuxniah.8 only Hai_qrnatftati~ information.. rhobout 
molcrmlar ~frwlurr. 
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FIGURE I. 

Determination of the optimum velue of the 

current loop separation in the distrubi- 

tion function. 

Introduction of an nd- 

ditional independent vsri- 

able N in the regression 

andysis with 

N=O for H-200, H-ppro- 

tons (15', 

N=I for H-Vor H48pro- 

nnd N=2 for H-Yproton$? 

seems to hove no influence 

on the regression nnplysis 

(+O,l cps in the case of 

H-J protons).For er.ch of 

these clnsses of protons,N 

may be regarded as the num- 

ber of peri carbon-hydrogen 

bonds or R.S the number of 

ortho carbon n.toms common 

to tvo rings (which,wcor- 

ding to MUEHRR (4),may have 

en appreciable dituwgnetic 

anisotropy), or roughly as 

the nettdharge at the 

carbon atom to which the hydrogen is bonded (Figure II and Table II\. 

H-B H-M H-Y 
FIGURE II. 

This mea-m that none of these properties m&es rm important extra oon- 

tribution to the observed chemical shifts, or that nearly perfect com- 

pensation occurs. 
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TABItR II --- __: 

Proton 
-T-----------T- 

l-3 
Froton l-at 

--_--___ ---.------- 

2,) m-9 or H-B -_.__- b) H-K or II-Up 
benzene 0 wthal + 0,034 
2-nqhthrlcnc + 0,017 l-anthrsccne + 0,035 
z-rulthr~cenc + 0,018 I-phcnnnthrone + 0,042 
2-nhen~ntllrcnc + 0,026 Q-+enitnthrenc + 0,036 
3-~llc1!nnthrenc + @,08 l-pyrcne + 0,035 
2-Tlyrenc _. + 0,020 I-pyrenc + 0,076 

b) 11-y' 
BGltlmrccm + 0,096 

Ecu.-tion 3 ws then used to :redict the chemical shift of H and 
1 

IT2 in trighenylene md of H4 in phenanthrene. Clearly, the position of 

SH, is correctlv connuted (cnlculPted: -7.59 unm:observed: -7.61 onmj. 

3 4 5 6 7 

So?-cne nrotonzr; ncphtholene : Hlzb, H2:c; Tnthr-cent : Hl=d, H2fe, 

?! 
9 
=f; ?hcq?nthrenc : Hl=g, B 2=h, H3ri, H4=j, HQ=k; pyrene : Hl=l, H2=m; 

:'4=-; triphenylene HI=p: y2p,I. 

FIGUPS III. 

Rcl-tioq bet--^,>?n obc~rvcd chc, ic?l shift 2nd rin"-current effect. --. __-.-_ - 



Ar shorn in Pigwe III, the hindered protons (E-3(3) however are to 

much lower fields than predicted;tbe disorepnncy ia relrtively consfnnt 

end m-y be nttributed ta IC mutual VAN DEB VA&S effect of the aqul~r 

hydrogen atoms. The magnitude of the effect (0,SO ppm) is in qualite- 

tire agreement with the recent work of NAGATA, TER&SAVA and TORI (16) 

on substituted oo%hydro-phenanthrenes, in which P deshielding of 114 

of sppmximately 0,20 ppm was observed. 

We plnn to s?:~ly these results to the c~.se of substituted benzene 

end polycyclic nmmatic derivatives. 

The mthor expresses his Grntitude to Professor R.H.KARTIN for his 

interest in this work nnd to Dr.P.DEDIRU nnd P.EENNART of the '@Surema 

de Cnlcul !Vumc?rique" of the University of Brussels, who did n 1Prge 

amount of the computer work involved. He is r.lso indebted to the 

qonds_wonP.l Belle de In Recherche Scientificwe" for the nvnrd of ----- --- 

P postioctor%te felloy*ship mnd to the Vends de l* Recherche Scienti- -..- __-.___-__-__ 

fioue Fondementnle Collective"for finnncip1 support tothe I-borntory. ______~___.___._.-_____- 
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