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Preliminary Notes 

PX zr97 

Ring currents in 3:4-benzpyrene, ! :2-benzanthracene, 
and t :2;$:6-dibenzanthracene 

The work of the PULLMA~S and others aimed at relating the electronic configuration 
of aromatic hydrocarbons to their carcinogenic potency (a theorywell sunnnarized by 
COULSOS l) has been ~-t least moderately successful. As some of the theor 3' rests on 
moleo_alar-orbital calculations it is of interest to re-examine the range of validity of 
molecular-orbital theory as applied to polycyclic hydrocarbons by making theoretical 
predictions based on the theory which can be checked directly expelimentally. In 
this note, we shall make use of a modification due to McW~ENY z Of LOXDO.~'S 3 theory 
of diarnagnetic anisotropy in aromatic molecules, which is based directly on molecular- 
orbital theory. We shall ,>.btain theoretical pre~Jctions of the ,r-electron ring currents 
in several carcinogenic polyeyc!ic hydroc~bons. As these ring currents are responsible 
not only for diamagnetic anisotropy but also for nuclcar-nmgnetic-resonance chemical 
shifts the predictions ar~ .~uhier:t to rather rigorous experimental test. Similar calcu- 
lations by BERTHmR e* a2. ~, based on LONDOY's unmodified the•D- , predict the total 
induced moment, but not the individual ring currents. 

McWEE.~Y has shown that the secondary magnetic field, H', at any point, arising 
from the diamagn~etic effect of ring currents in an aromatic hydrocarbon in the pres- 
ence of an external magnetic field, H, normal to the plane of the molecule, is given by 

H' J~ne\t S'H 

where S is the area of a benzene ring. a is the length o," a C-C bond./ ]  is the standard 
resonance integral, and o I and ~: are sums involving bond orders and mutual bond 
polarirmbilities ~ b t ' , ~  f~om normal (unperturbed) molecular-orbital theory. The 

B~oc:ks¢4. B~opkys. Ac~. ~,6 (1963~ I6,~-t09 



PRELIMINARY NOTES I6  9 

express ion can be sh-npliiled Iur p rac t i ca l  ca lcu la t ions  by  a su i tab le  ur t i t a ry  t rans -  

fo rmat ion ,  and  it  can  be shos~m t i ia t  t h e  resul ts  can  be p u t  in t he  fo rm 

/ 2 ~ e \  t S t H  . 

where  the  sum goes o v e r  all  r ings anff  t he  K ( r  0 are  def ined funct ions .  T h e  J l  are t h e n  

ident i f ied  as t he  r ing currents .  
We  h a v e  sub j ec t ed  th ree  polycycl ic  h y d r o c a r b o n s  to t h i ,  ana lys i s :  t he  e x t r e m e l y  

p o t e n t  ca rc inogen  3 : 4 - b e n z p y  rene, the  mi id lyca rc inogen i c  I : 2 ; 5 : 6 - d i b e n z a n t h r a c e n e ;  
and  I : z - b e n z a n t h r a c e n e ,  o n l y  v e r y  weak ly  ac t i ve  itself,  bu t  n u m b e r i n g  a m o n g  i ts  
m o n o m e t h y l  and  d i m e t h y l  de r iva t ives  m a n y  carc inogens  of wide ly  v a r y i n g  po tency .  
The  resul ts  are  g iven  in Tab le  I (compare  w i t h  t he  va lue  x/9 for benzene) .  

' TABLE I 

RI ~¢c. ctm RV_'~T~ 

M o l ec~e  R i n g  No.  R i n g  cueTent 

i : 2-Benzanthracene / / ~ -  I o. 1243 
+ 4 ~ 2 O . 1 4 1 2  ~ / - - - . , / ~ / )  

i x ) 2 13  i 3 0.o990 
- ~ ' ~ / ~ , . /  4 o-1247 

3 : 4- Ben zpyren e 1 o. 1338 
- /  " - ' ~ " -  2 O . 1 4 2 2  

.s . 4 ) 3 0.o933 
x t 2  3 i 4 0.;435 

" - - - / " " / / ~  5 O .  1 1 9 6  

I : ,  ; 5:6-Dibenzanthracene I o.t264 
. ~  2 o.to48 

_ ~ x i 3 o. 1432 

I 2 3 2 ; 
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