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Am--The cartxxvl3 NMR spectra for a series of hcnzophenoncc was obtained and analyzed. using lhc dual 
suhslrtucnr parameter (DSP) equation. The IISP analysis indicates that rransmlssion of rhe suhsrituent effect IO the 
substituted nng is primarily resonance controlled while the rranrmlrslon IO the second phenyl ring involves a vbond 
pAan?Arlon mechanism. 1lt-e I&P analysis of the C; chemical shifts (para carbon in ring B) was found to compare 
very faborahly with 1h.e fluorine “gag” dara for analogous systems. Data for some pora-poru’ knzophcnones is also 
given 

The application of “C chemical shift data to the study of 
substituent electronic effects in aromatic systems is 
currently under investigation in this laboratory.’ Of 
particular interest is the transmission of substituent 
chemical shifts through potentially “insulating” centers. 

These “insulating” centers can be of three types; fully 
saturated. i.e. the methylenc group in u-substituted 
toluencs. unsaturated neutral groups such as the carbonyl 
moiety in bcnzophenone or completely conjugated as 
found in trans-stilbcne.? Of present interest is the second 
type of center. the carbonyl group, which is cxpcctcd to 
allow only minor direct conjugation between the phcnyl 
rings. The system chosen for study was pard-substituted 
bcnzophenoncs as these compounds arc readily available 
commercially. 

A recent report has critically examined some para- 
substituted bcnzophcnonc substituent effects by -‘F 
NMK utilizing a para-t’luoro “tag” in the second phcnyl 
ring.’ However. fluorine is known to bc a relatively good 
electron donor and thus could interact directly with the 
second phcnyl ring. The result of this conjugative 
interaction is to perturb the electronic ground state of the 
bcnzophcnone molecule such as in I. 

0 

xxy’Q 
‘Ihis resonance form may allow more facile tran- 

smission of the substitucnt electronic effect as a more 
completely conjugated system is attained. In accord with 
this notion, the transmitability of the cubstitucnt effect of 
the fluorine “tagged” bcnzopbenones was found to be 
equal IO that found for rruns-stilbcnc.’ Additionally, the 
use of ‘*F chemical shifts for substituent effect studies has 
come under attack.’ It has been stated that fluorine 
chemical shifts arc not appropriate for such studies 
especially when extension IO non-fluorinated analogs is 
attempted. 

The assignment of the CO carbon is straightforward; 
this carbon resonance is at the lowest field position in the 
spectrum. The remainder of the proton-decoupled spcc- 
trum for the monosubstituted bcnzophcnone consists of 
eight lines (I2 lines arc observed in the instance of the 
paro-fluoro derivative). four of which are significantly 
more intense than the other resonances. ‘Ibex arc readily 
assigned to the C?. CI. C, and C; carbons on the basis of 
symmetry considerations. Tbc specific assignments were 
determined by consideration of previously reported 
substitucnt effects in benzene derivatives“ and by 
analogy with the shifts reported for similarly substituted 
acctophcnoncs.’ The C; and C; carbon shifts were found 
to remain reasonably constant in accord with the 
published data on Michler’s ketone derivativcs.ti and on 
some ortho-substituted bcnzopbcnoncs.” The remaining 
four resonances were assigned using the following 
rationale: C; was the most intense peak as it is the only 
protonated carbon, C, and C, on the basis of substituent 
chemical shifts, and C; by default. 

In contract to the replacement of a hydrogen by a The assignments for the disubstituted bcnzophenoncs 
fluorine. the replacement of a “C by a “C nucleus should were made on the basis of substituent effects obscrvcd in 
have little effect on the electronic nature of the molecule. rbc monosubstituted series. The consistency between the 
Also, the carbon nucleus is not at the periphery of the experimental and calculated chemical shifts strongly 
molecule and thus is less subject to solvent concentration supports the concctncss of the above assignments. 

effects.’ Previous work in this area has established that 
“C chemical shift data is suitable for the study of 
substituent effects.’ 

The purpose of this study is two-fold: (i) to assess the 
mechanism of the transmission of electronic effects and 
(ii) to assess the validity of using “F chemical shifts for 
substituent effect studies. 

Assignmenrs 
The “C N.WH chemical shifts and substituent chemical 

shifts for the pora-substituted bcnzophcnones are listed 
in Tables I and 2. respectively. The numbering sequence 
for these compounds is given below. 

Data for selected pore-methoxy-poro’substituted 
bcnzophenoncs are given in Table 3. 
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Table I. “C ckmlcal shift valuer for a sertc~ of pore-rubs~~~u~cd knzopknoms’ 

co Cl C7 C3 C4 Cl * c2 g c3 * c.1 * 

It :96.3 137.6 129.9 i2A.:’ :32.x 137.6 129.9 128.2 

‘:C 19G.3 134 .9 130.2 12d.9 : 43 . 1 137.9 129.5 118.2 

Cl i95.0 135.8 13 1 . 4 12X.5’ !36.7 137.2 129 .H 128.3’ 

O!!C 1 9 5 . 4 130.2 13 7 . G i 13. 6 163 .:j 138.3 129.7 128.2 

nr 195.3 13 G .:I 131.5 131.5 :27:; 13 7 . ? 123.9 i “8 . . 4 

I’ 19 5 . 0 133.H 132.6 115.5 lG5.5 137.G 170 ..” . ‘) . 12s.3 

!a2 195.4 127.1 13 2 .9 :13.6 151.4 139 .c 123.5 ;:‘H.O 

SO* l94.7 14 2 . !I 130.G 123.6 : 49 . !I 136.4 !30.1 12U.7 

011 197.0 129.3 t33.1 !15.4 161 .o 13H.O 129 . 4 128.3 
- 

1. in >;E :ro:, T:S _I 

. 
. \‘:1lui~s .r. SXS.,~ ,.“Y -.a:. b,. I-<.\‘cr’scrd. 

Table !. Subdtucnt chcmlcal Ihilts for a wrux of pore-subrtilurcd knrophenuncs 

132 .:I 

132.0 

1 3 2 . 5 

13; .9 

132.G 

13% .:i 

131.4 

133 . .I 

13 1 . 2 
-.-. - 

co Cl c2 cn C4 Cl * C2 ’ C3 I C4 * 

II** 0.0 -2.71 0 .3 0 . 7 !O.H 0.3 -0.4 0.0 -0.3 

C 1 -1 .:I -1 .li i .5 0 . .s 6 . 4 -0.4 -0.; 0.1 0.2 

O\! c’ -0.9 -7.4 2.7 -14.G 31.0 0.7 -0.2 0.0 -c ..I 

nr -1 .a -1.4 1.6 3.3 4 .9 -0.4 0 .(I 0.2 0.3 

I -1.3 -3.H 2.7 -12.7 33 . 2 0 .o 0 . 0 0.1 0 .o 

!i!I 
2 

-0.9 -10.5 3 . 0 -14.6 LO.1 1 .4 -0 . ‘I -0.2 -0.9 

SC 
2 

-1.G 5.3 0 . 7 - 4 . 7 17. G -1.2 0.2 0 . 5 

011 0 . 7 -7.8 3 . 2 -12.X 2i.7 0.4 -0.5 0.1 -0. i 

Tabk 3. “C chemical shlfr vahxs for the pore-methory pore-subWu~ed knzopknoncx 

tt c::<. so .1 t 

(9 

(‘1 

(7 

(‘3 

C4 

cl’ 

(‘3’ 

c.3 

(..I’ 

19 5 . 4 1 

13s .:i 

: :‘:I ‘I 

1 ? h ? 

131.9 

130. 2 

132 .G 

1 13 . Ii 

163.3 

1 g:, . 5 ( 1 !I .: . .a ) :? 

!:ro .!b (l:ic’ .!aj 

132.3 (!.i.‘...J 

113.!, c11:r.c.j 

1b3.0 (li2.!l) 

1:io.ra (1X).9) 

132 .:I ( 1:;2. 4) 

113.5 (11:l.l;) 

163.0 (lG2.9) 

193. .I (193 .S) 

1 t3.v (1 i:r.tij 

l:lo.:I !l:iil.-;) 

123.5 (123.!,, 

1 l!l.h (14!‘..>) 

IX‘!,.0 (179.0) 

132.7 (13%.-i) 

114.0 !114.1) 

ltj-1.1 (lei4.1) 

!!)3.!1 (l!‘l.:! 

1::: .b (l.>l.!>~ 

l:.%.:! (i:::‘:;) 

115.3 ;115..>1 

lb,. 1 (IbS. 1) 

1x,. 1 (l::‘,.?) 

132.4 (132.G) 

11::.7 (11:I.‘;) 

l(i3.3 (lK!.3) 

‘In ppm from TVS. 
‘Values in parenrkse5 are calculated from the subsrirucnt \hifrs given m Tabk ? 



“C SMR substrtuent ctfcc~s m pure-wbh~~ed benropbcnoncs 103 

--rN. 

All IJK monosubstituted bcnrophcnoncs were commcrciahy 
available and of high purity. Tbcsc compounds were used as 
received. The disubstituted bcnzophcnoncr were obtained from P. 
D. Bartlc~t and C. A. Kingsbury. The “C magnetic resonance 
spcclra were obtained in ~hc Fourier transform mode on a JE01. 
FXdo rpcctromcrcr system equipped with a TCXZG lnstrumcnrs 
computer wrrh a 24K memory. The spectra were obtained ar an 
oburwng frequency of IS.03 MHz. Sample concentrations were 
C-Q 20% W/V in deuterochloroform in IO mm O.D. sample ~ubcs. 
General SMR spccrral and instrumental parameters employed 
were: internal deurcrium lock IO solvenr. spectral wdth of 
4000 Hz (266 ppm): a pulse width of 4 ps. concspondrng IO a 36’ 
pulse angle; and a pulse repetition rime of 2.1 KC. All shifts 
reported are estimated IO be accurate IO e 0.05 ppm. 

l)lrol substiluent parameter correlations (DSP) 
In order to obtain useful comparison between the 

fluorine NMR and the “C chemical shift data sets. it is 
particularly instructive IO analyze the data via the DSP 

treatment shown in eqn (I). 

6, = plot + PIIUr 6 h. (I) 

The observed substitucnt effect (8,) is an additive com- 
bination of polar (a,) and resonance (ol) effects. The 

coefficients h and pi (obtained from regression analysis) 
depend primarily upon the position of the substitucnt 
relative to the detection center. The relative transmitability 

of the polar and resonance effects has been defined as the 

A-value (p,JpJ. The &-value is rhe intercept of the 
regression analysis and should be equal to the chemical 

shift of the parent system (substituent = H). The u, scale 

has been found to be of general utility while the uI scale is 
defined by four different sets of values depending instance 

correlation using u~,~*, was found lo be appropriate.” 
The DSP analysis for the paru-substituted ben- 

zophenones is summarized in Table 4. Data for the 

pora-OH substituent was not used in the analysis as 

suitable u, and us values arc not available for X = OH. 

DSP analysis for carbons 4 and 3 gave poor results as 

these carbons are subject IO additional interactions of a 

cteric and compressional nature. Analysis of these shifts 
arc possible if additional parameters arc added to eqn 

(I).” However. the substitucnt effects at these carbons 
were not of primary concern. The substitucnt shifts for 
carbons 2’ and 3’ are too small to allow correlation with 

the DSP paramctcrs. 

Interpretation of DPS analysis 

The behavior of C, (para to the cubstitucnt) is 

unexceptional. As expected. the most important factor 

contributing to the observed substituent shift is the 

transmission of electronic effects via direct resonance 

interaction. In regard to recent interest concerning 

a-inductive effects.’ the benzoyl moiety, by virtue of its 

p,-value compares with other fixed substituents in the 
following order: CN < NH2 < OMe < DC0 < F< NO,. 
This order is proposed to reflect the ease of n-bond 
polarization at the para position by the fixed substituent. 

The transmission of the suhstituent effect to the CO 
carbon is seen IO be primarily inductive in nature. The 
negative value of the suhstituent shift is indicative of a 

slight increase of electron density at this carbon.“ Similar 
albeit qualitative observations (the inaccuracy of the 

published shift data preclude use of the DSP analysis) 
have been made for acctophcnoncs.’ The dominance of 

inductive interactions at the a-c‘arbon appears to be 
general as similar cffcc~s arc seen in pora-substituted 

phenyl acetylenes (p, L - 2.83. ~a,~~, = - I.IY).‘” styrenes 

(PI 7 2 35. pu *,, - 0.52). and hiphcnyls (p: = 2.95. 

I)u1\a- I IO.” ‘Thus resonance cffcc~s arc greatly lo- 

calized IO the A ring. Further evidcncc supporting the 
minor influence of the paru-substitucnt towards the 

conjugative interaction between phenyl rings in ben- 
zophenone, at least in the ground state. comes from recent 

data obtained on Michler’s ketone.” It was found that the 
dihedral angle. here, is virtually the same as in ben- 

zophcnone itself cvcn though Michler’s ketone contains 
two potentially conjugative interacting puru-dimethy- 

lamino groups. 

The substituent effect at CI. in general. is of opposite 
sign to thaw found at C, and of much smaller magnitude. 

The DSP analysis indicated that inductive and resonance 

effects are equally important; the field cffcc~ is most likely 
due to n-bond polarization. This effect may be due IO 
electron transfer from C; to the A phenyl ring and thus 

may account for some of the electron density increase at 
the carbonyl carbon. An alternate mechanism may arise 

from a through space transmission of n-bond polarization 

from ring A to ring R resulting in the alternating partial 
charges observed at the C, and C; carbons. The actual 

picture is probably a blend of the above two mechanisms. 
The transmission of electronic effecls al C; is of 

extreme concern and importance for this carbon is where 
the fluorine “tag” is located. The DSP analysis indeed 

shows that the relative importance of pt and pr, )1,, is the 
same as found in the fluorine “tag” model (m = 2.77, 

pu,n*. = _. 7 6l).’ The difference in magnitude of these p 
values is clearly a consequence of the increased 
sensitivity of fluorine shifts in comparison with “C 

Table 4. Dual rubrtifucnt parameter analysis of the pure-subsrrtutcd bcnzopbcnoncs 

C:1rbon 2 :: 
VI “It’ :I 

a2 
1 r Avg. hi’. I!2I.~C. 

1 

_._ - --_ 

co -2.31 0.52 0.22 -0.31 0.1: 196 .:3 0 .?tiC 0 .OIl l.G 

c; ’ -1.63 -1.83 1.12 -C.GG -0 . h:> 137.G 0 . ‘,“JG 0 .O!> 2 .t; 

Cd ’ 1.35 1.28 0.31 0.7i 0.81 :a:‘.3 cl.995 0.04 2.0 

Cl 5.12 13.37 2.61 0 . 43 0 . 9 Ii 137.1 0.x35 0 . 40 12.i 

CZ 1.9H -3.51 !.HG 0.25 -0.90 12!1.!1 0.336 0.07 3 .o 
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shifts.” The alternating sign of Ihe substituent shift (vs C;) 
is consistent with the n-bond polarization mechanism. 
Clearly. if resonance forms such as I contribure sig 
nificantly IO the ground state electronic structure of the 
benzophenones then enhanced Iransmission of the “C 
subsIiIuent effect should be observed in the instance of 
the disubstitutcd benzophenones. This enhancemcnI 
should be reflected in the nonadditive behavior of the 
substituent shifts. Given in Table 3 are the observed 
chemical shifts and the chemical shifts calculated from 
the monosubstituted benzophenone substituent shifts. 
The extremely good correlation between lhesc Iwo values 
indicates that no additional participation of the second 
poru-substituted phenyl ring occurs. 
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