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Earlier quantum-mechanical celeulations @ based on the assumption
of "ring-currents® involving delocalized Jl-electrons im polyeyclie
seromeiic hydrocarbens, provided values of chemical shifts in poor
sgresment with experience. The calculated deshielding was always mueh
100 large. An explanation of this discrepancy was given by DAILEY @
and POFLE (3 who suggeasted thet Iocal amisotropic contributions mmy
Play an importent part in the obserwved differemce in chemical shifts
between ethylenic and aromatic protoms. Om the other hand, MUSHER (0
pointed out that the anisctropic magnetic susceptibility of aromatic
hydrocarbons can be correctly represented as the sum of contributions
from localized electroms of both JI and U character, "ring-currents®
being only an artifast of LONDON's approximete caleulations (8). In
order to determire if the “ring-current® representation can really be
en eid for orgeanic chemists, a regression analysis of "ring-current®
effects on proton chemical shifts in polycyelic aromatic hydrocarbons
has been carried out.

Ring—currents were calculated by Mc WEENY's second order perturba-
(6); by the use of a unitary transformation, the results
are obtained in the form

Iz 1078 =22 B(aTe/me)? (8%/4%). ’é Ty (1,

where (5-13 the proton chemical shift, H and H' respectively the applied
and induced megnetic fields, 3 the Huckel resonance integrel, B the

tion theory

# Chargé de Recherches of the "Fonds National Belge de la Recheiéhe
Seientifique™,
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area of the benzene ring and a the lenght of the benzene C-C bond.
As pointed out by Me WEENY (8)(7) and MEMORY (®)
fied as the "ring-current™ in the /uth ring, K/‘l being a distribution

s J_ can be identi-

function of the effect of the diemagmnetic anisotropy of ringm in spa~-
ce, Table I gives our calculated values for the ring-current intensi-
ties of some polyoyclic axomatic hydrocarbons as compared with benzene.
These values were obtained by a self~consistent iterative Huickel method
for the varistion of By, with bond lenght ®) and taking into sccount
the variation of coulomb integrals with substitution; following RASCH's
suggestion (10)’ we have adopted the following parameters ¢

Xooom) = %o @88 Kgaoey =X, + 0,048

the atoms in brackets being the firsi neighbours of the carbon atom
considered,

Our results are in fair agreement with those obtesined by JONATHAN,
GORDON ond DATLEY 1) using POPLE's theory (11
being however substantially lower (e.g. for the central ring of triphe-~

s some ring-currents

nyleme).

As suggested by MEMORY (8)’ WAUGH and FESSENDER!s distribution
fanction (13)(13) was used to evaluate the ring-current effects on non~
hindered proton chemical shifts in benszene, naphthalene, anthracene,
pyrene snd phenanthrene, Regression snalysis of a relation of the form

Tops= Jot e ; 3uEu (2)

was applied in order to obtain the optimum velue of the current loop
separation. The results are shown in Figure I; the residual sum of
squaeres of deviation obviously pesses through a minimum for a separa—
tion of 2 Z = 0,72 benzene radii or 1,00 A®, It is interesting to note
that the separation of points of maximum electron density in the 2pz
orbital of carbon, aceording to & simgle sereening constent calcula-
tion (14), is sbout 0,7 A®, The "best®™ linear relation can then be

written ¢

Seazc, = ~6,120 + 32,285, f‘ J)u.Kp (3)

As shown in Table I, calculated vatues f£i{ very well with the expe~
#imental values, the concordance being in most cases bettex than 0,08
ppm. According to this equation, the ring-current effect in the benzene
molecule is about 1,15 ppm, which is much less than the conventional
1,50 pom derived from comperison with ethyleniec protons, and is in fair

agreertent with some crude calculstions of DAILEY @ end POPLE (®
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TABLE 1.
Melecule Ring Ring-current]&roton Chemical Shift
intensity observed® calculated
T
1 []
@ A 1,000 1 7,342 7,276
g
A 1,079 1 7,81 7,747
2 7,48 7,489
21 A 1,059 1 7,01 71,896
%@l B 274 2 7,30 7,5%
9 8,31 8,360
23
4 A 1,915 1 8,16 7,982
B 0,927 2 7,99 7,928
4 8,08 8,181
3 A | 1,28 1 7,855 7,828
42 2 7,570 7,577
B 0,937 3 7,812 7,604
4 8,848 8,104
9 7,702 7,764
)
3
Iy 1,008 1 8,56 8.058
B 0,699 2 7,61 7,603

A In ppm. with respect to T.M.S.; experimental values obtained from

ref,1 unless otherwise stated.,
# Obtained in this laboratory in 5% cncls solution.
# R.C.PAHRY and G.C.GRAHAM, J.Phys,Chenm,, g, 4417 (1965),

Ratio of ring-current intensities compared with bensene

snd proton chemical shifts according to equation 8.

teking into account local anisotropic contributions of both T and 0~

13
character.

#¥Theoretically, comparison of equatioua (1) and (8) must provide the
value of the Huckel rescnance integral B;this gives S=-10,62 kesl/

mole, a value much lower than the adopted value of about —66 keal/
mole. This descrepancy is not disturbing, keeping in mind that the

Hackel method furnishes only semi—quantitative information sbout

molecular structure,
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FIGURE I.

Determination of the optimum value of the

current Ioop separation in the distrubi-

tion function.
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Introduction of an ad-—
ditional independent vari-
able N in the regression
analysis with

N=0 for H-¥or H-Fpro-
(

tons 15)'
N=1 for H-X or H-ASpro—

tons (15),
and N=2 for H-)Y protons(ls),

seems to have no influence
on the regression snelysis
(+ 0,1 cps in the case of
H-Y protons).For esch of
these c¢lnsses of protons,N
mey be regarded as the num-
ber of peri carbon-hydrogen
bonds or ss the number of
ortho carbon atoms common
to two rings (which,accor—
ding to MUSHER (4),may bhave
an appreciable diamegmetic
anisotropy), or roughly as
the netTF—charge at the

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

oo

B-A

FIGURE II.

oy

This means that none of these properties makes an important extre con-

tribution to the observed chemical shifts, or that nesrly perfect com—

pensation occurs,
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TABIE I
e e e e o e @ o g
b}
Proton 1—nc Proton l-qc

») H=\P or H-8 b) H—& or H-4p

benzene 0 l-naphthalene |+ 0,034

2-n»phthalcne + 0,017 l-anthracene + 0,035

2—anthrocene + 0,018 l-phenanthrene |+ 0,042

2-nhensnthrene + 0,026 9-nhenanthrene |+ 0,038

3-phenanthrenc + 0,027 1-pyrene + 0,035

2-nyrenc + 0,020 4-pyrenc + 0,078
b) 1=y

9-anthirecene + 0,096

Net 7"_—-chﬂrﬂe on_the corbon stoms beosring the arometic nrotons,

Baurtion 3 wes then used to nredict the chemical shift of H1 and
Hz in triphenylene rnd of H4 in phenanthrene. Clesrly, the position of
SHZ is ecorrectly computed (calculeted: -7,59 ppmjobserved: -7,61 ppm).

A _ J J —
8,61 obs, .

Ren~ene proton = 23 nephtholene o leb, szc; snthrecene : Hl=d, ste,
!!9=f; nhensnthrene @ I{1=g, Hzah, H3=i, H4=j, H9=k; pyrene @ H1=1, H2=m;

4373 triphenylere H1=p'; H2=q,

FIGURE III.

Rel-tion bet-2on observed cher ical shift nrnd ring-—current effect.
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As shown in Figure III, the hindered protons (H-%3) however are to

much lower fields thaen predicted;the discrepancy is relatively comnstant
and mey be attributed to a mutual VAN DER WAALS effect of the anpgular
hydrogen atoms, The magnitude of the effect (0,50 ppm) is in qualita-

tive agreement with the recent work of NAGATA, TERESA¥A and TORI

on
of

(18)

substituted oo-tehydro—phenanthrenes, in whieh e deshieldinpg of H
approximately C,20 ppm was observed.

4

¥e plan to anply these results to the crse of substituted benzene

and polycyclic aromatic derivatives,
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