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The intensity of the benzoyl ion, m/e 105, in the mass spectra of some para-monosubstituted benzophenones 
was compared with the intensity of this ion in benzophenones where the para substituent is flanked by two 
bromo substituents in the 3 and 5 positions. Consideration of the scatter in the Hammett plot expected for 
multiple substitution does not alter the conclusion that the dimethylamino group acts very nearly the same in 
the presence and in the absence of two adjacent bromo substituents. 

This study extends the analysis of substituent effects 
on ion intensities with a search for steric inhibition of 
resonance of the dimethylamino substituent by flank- 
ing groups. [t was observed some years ago that rela- 
tive intensities of the m/e 105 ion, presumably CeHj- 
CO +, in the spectra of singly substituted benzophenones 
can be correlated remarkably well with Hammett CT 

constants.2 I f  the intensities of benzoyl ions in each 
spectrum [A+], divided by the intensities of the  molec- 
ular ions from which they are formed [1I+], are plotted 
as the ratio 2; = [A+]/[1\1+] against substituent con- 
stants, then ey 1 is obeyed very well, with a p value of 

log (Z/Zo) = PV (1 1 
1.01.2 Other plots for data collected for other systems 
have been ~ r e p a r e d ; ~  sometimes a good correlation is 
obtained, sometimes not. Nore sophisticated argu- 
ments than the original kinetic interpretation2 have now 
been advanceid to explain these  result^,^-^ and it now 
appears tha t  the benzophenone system fits the Hammett 
equation so well because of the coincident magnitudes of 
many factors which influence reactivity in one of several 
ways: either the factors correlate well in Hammett 
plots, or else they are quite independent of Hammett 
constants and produce only a uniform influence on in- 
tensity, or else they have an effect tending to  destroy 
the correlation but are insignificant when compared to 
the effects which tend to produce an  overall correlation. 
Hence the benzophenone system should give a tight 
correlation because of an appropriate dependence of 
ionization potentials and appearance potentials on sub- 
stituent constants, a proper distribution of ion energies 
after electron impact, and a lack of competing reactions 
which would tend to destroy the correlation, so that  
rates of procemes and amounts of ions produced by de- 
composition reflect the fundamental effect of the sub- 
stituents on electron density. 

For singly substituted benzophenones the correlation 
is sufficiently good to be of excellent predictive value; 
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ortho substituent effects derived from the mass spectra 
of ortho-substituted benzophenonesg produce essen- 
tially the same Hammett-type constants as data for the 
same substituents obtained from gas-phase pyrolyses of 
esters.IO Likewise, one can take advantage of the ex- 
cellent correlation of singly substituted benzophenones 
to test the loss of correlation predicted for multiply 
substituted benzophenones as a result principally of the 
introduction of more reaction pathways competing with 
the formation of benzoyl i0n.l' It appears that ,  as 
expected, a loss of correlation does occur for doubly sub- 
stituted benzophenones, but the standard deviation of 
points from the line does not increase so greatly as to 
preclude the extraction of information about funda- 
mental substituent effects from an ion-intensity plot. 

Consequently, it is possible to examine this well- 
behaved system for steric inhibition of resonance. 
Steric inhibition of resonance has been studied for an- 
other mass spectral reaction, eq 2,  where the effect of 

=O + NO (2)  

the para electron donor on t'he formation of the product 
ion is in keeping wit'h stabilization of the  daughter ion 
by resonance when X is H ;  the intensity of the ion in- 
creases markedly for Y = OH, OCH3, NH2, S(CH&12 
On the other hand, when X is fairly large, a chloro or 
bromo subst8ituentl3 or a methyl subst8ituent14 on either 
side of a very large para' donor like t'he dimethylamino 
subst'ituent should prevent stabilization of the product 
ion by resona'nce, since the elect'ron donor should be 
twisted with respect to the plane of the ring, and, in 
fact, t'he relative intensity of the product ion is dramati- 
cally reduced for the hindered spst'em. 

It has been observed empirically that the stability of 
the product ion is a very important "driving force" in 
governing the intensities of product peaks in mass spec- 
tra.5bp15 In  the case of the nitrobenzenes, the substit- 
uents obviously play a very great role in this respect'. 
We have now studied the benzophenone system, in 
which t'he stabilit'y of the product ion is not, determined 
by a retained subst'ituent in the ion. Thus we may ex- 
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pect that  steric effects are likely to play a more subtle 
role than in the nitrobenzene system. For example, the 
removal of direct resonance interaction of the substitu- 
ent and reaction site might limit the substituent effect 
approximately to its field or inductive effect. In  this 
case, one might expect the substituent effect to resume 
that  of the meta substituent, \There the resonance 
effect is small and other interactions predominate. 

The point of our experiment was to determine whether 
the regular ion intensity relationship for the m/e 105 
ion observed in the mass spectrum of benzophe- 
 none^^,^^ showed deviation from additivity when the 
dimethylamino group in the para position was blocked 
by ortho bromo substituents (eq 3). If there is signifi- 

cant steric inhibition of resonance, it will be reflected 
in an increase in the production of m/e 105, for a de- 
crease in electron-donor ability increases the amount of 
m/e 105 formed. The alteration in the substituent 
effect may be estimated by comparing the u values of 
p-K(CH& and m-N(CH&, -0.53 us. -0.21, respec- 
tively.16 Since substituent effects in this system are 
additive,l' we may assume that  the difference between 
these effects will hold irrespective of further substitu- 
tion on the ring by the blocking groups. This is of 
course an oversimplification: the degree of resonance 
interaction of the dimethylamino group with the ring 
depends on the angle by which it is twisted out of the 
plane; the angle depends on the size of the blocking 
group. For our model, we assume a picture in which, 
as an extreme, the groups are sufficiently large to ef- 
fectively remove the typical para resonance interaction. 

Thus the alteration in intensities will be given by eq 
4. The slope estimate from the correlation of mono- 

A log (Z/Zo) = ~ A u  (4 ) 

substituted benzophenones is 1.01 ;2 from disubstituted, 
0.77. l1 Hence, for alteration of the substituent effect 
to something approximated by the meta effect, there 
should be an increase in log 2 by 0.48-0.62 log unit. 

This increase is predicated upon the accurate predic- 
tion of intensities by the Hammett correlation. AS 
we have noted," when there is multiple substitution the 
scatter increases because of the increase in the number 
of decomposition routes competing with the production 
of C6H6C0 + from the molecular ion. The standard devi- 
ation of points from the line for doubly substituted com- 
pounds is 0.15 log unit against u, 0.06 log unit against 
u f; the standard deviation for singly substituted com- 
pounds using the same substituents is 0.06 against u, 
0.07 against CT+, Thus the expected value of the change 
in log 2 is much larger than the error introduced by the 
assumption that  the substituent effects which tend to 
destroy the correlation for this fragmentation process 
are not important. The magnitude of 95% of all devi- 
ations from the expected values is, according to statis- 
tics, less than twice the standard deviation; conse- 
quently, so large a change in log 2, if observed, can be as- 
cribed with high confidence to an alteration in the sub- 
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stituent effect involving electron distribution ( e . g . ,  the  
u constant for the substituent), not to some other phe- 
nomenon such as the introduction of competitive pro- 
cesses, gross alteration of the distribution of energy 
states, and so forth. In  short, interpretation of results 
is feasible. 

Experimental Section 
Preparation of Benzophenones.-The compounds were either 

commercially available or else produced by literature proce- 
dures.l7-lg The only new compound was 3,5-dibromo-4-dimethyl- 
aminobenzophenone, which was prepared by the methylation of 
4-amino-3,3-dibromoben~ophenone~~ with trimethyl phosphate 
a t  60' for 8 hr,20 and purified by column and thin layer chromatog- 
raphy, after which it had mp 97-95'. It tends to decompose on 
silica. 

Anal. Calcd for ClsHlaBrzXO: C, 47.04; H, 3.39; monoiso- 
topic mol wt, 380.9363. Found: C, 46.97; H,  3.23; mol wt, 
380.9361. 

The purity of all samples was checked by agreement of their 
melting point with reported values and/or thin layer chromato- 
graphic homogeneity. I f  apparent decomposition on the tlc 
plate was observed (recovered single bands from tlc giving, on 
repeated chromatography, multiple bands identical with the 
previous chromatogram), the identity and purity of the desired 
band were checked by other means. The analytical sample of the 
3,5-dibromo-4-dimethylaminobenzophenone was used for the 
mass spectra, since its purity was crucial. 

Mass Spectra.-All the mass spectra were recordcd on a 
Hitachi RRIU-6E single-focusing instrument, using 73-eV 
electrons (emission current 80 PA).  The source pressure was 
always in the range 5-10 X Torr, with a source temperature 
a t  185 f 5 " .  Samples were introduced by the direct-insertion 
probe, because the data for samples introduced by the heated 
inlet at 185 f: 5' gave indication of some thermal decomposition, 
especially for the dibromohydroxy and dibromomethoxy com- 
pounds.21 The reproducibility of peak height ratios was at least 
37, for quadruplicate determinatioiis and usually much better 
(1%). 

Results and Discussion 

Our results for the "unblocked" and "blocked" com- 
Their correlation with pounds are listed in Table I. 

TABLE I 
RELATIVE INTENSITIES OF CeHjCO+ (m/e  105) 

IN Mass SPECTRA OF SU~STITUTED BEXZOPHIXOXIC~ 
Registry 

Substituent no. Log z/zo Zaa zn+ (1 

4-OH 
4-OCH3 
4-"z 
4-N (CHBIP 
3,5-Brl-4-OH 
3,5-Brt-4-OCH3 
3,5-Br2-4-NHz 
3,5-Brz-4-N (CHS)~ 

a See ref 16. 

I1 37-42-4 
611-94-9 

1137-41-3 
530-44-9 

26733-16-4 
26733-17-5 
26733-18-6 
26785-69-3 

-0.27 
-0.33 
-0.79 
-0.47 
f0 .29  
1-0.50 
-0.20 
-0.68 

-0.37 
-0.27 
-0  66 
-0.83 
+0,41 
+ O , r , l  
+ O .  12 
-0.05 

-0.92 
-0.78 
- 1 . 3  
- 1 . 7  
-0.12 
$0.02 
- 0 . 5  
-0.90 

substituent constants are illustrated in the figures. 
Figure 1 shows a plot of relative intensit'ies 11s. the sum 
of Hammet't u constant,s for both the morisubstit.uted 
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earlier." 'The change in the position of points was just outside experimental 
error, no new trends for these points were noted, and the quantitative con- 
clusions reached earlier" are still valid. 
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Figure 1.-Correlation of log (Z/Z,) with u and 2 u  for the 
formation of CsHjCO' from unhindered and hindered benzo- 
phenones. 

and trisubstituted compounds; Figure 2 shows the same 
data points us. the sum of a+ constants. We plot both 
monosubstituted and trisubstituted compounds in the 
same graph because the substituent effects are addi- 
tive," the bromo substituents affecting the orientation 
only of the dimethylamino group, and because we wish 
to illustrate a t  once the behavior of the key substituent, 
dimethylaniinc, when it is flanked by large substituents 
and when it is not. The correlation lines are deter- 
mined with the exclusion of the point for the dibromo- 
dimethylamino compound; only compounds where 
there can be no steric effect influence the position of the 
line. Thus the  line is not influenced by the dibromo- 
dimethylamino compound, the one point whose devia- 
tion from the line is the crux of this analysis. 

Tor E g u r e  1, the plot us. CT values, the slope is 0.78. 
the standard deviation of seven points from the corre- 
lation line is 0.17 log unit, and the correlation coefficient 
is 0.913. The slope is in reasonable agreement tTith 
the value of 1.01 for monosubstituted benzophenones 
and 0.77 for disubstituted benzophenones. The corre- 
lation coefficient is nearly the same as that  found for 
the disubstituted compounds earlier, 0.918,11 though 
it might be expected to decrease as a result of less sam- 
pling of data in this graph. The standard deviation is 
larger than the values of 0.09 and 0.15 obtained for 
monosubstituted and disubstituted compounds earlier. 

For Figure 2, the plot us. o f  values, the slope is 0.63, 
the standard deviation of seven points from the corre- 
lation line is 0.24, and the correlation coefficient is 0.884. 
The value of the slope may be compared with values of 
0.66 and 0.55 for the slopes of correlation lines found 
€or the monosubstituted2 and disubstitutedll benzo- 
phenones plotted us. u+ constants. As expected from 
the smaller sampling of data, there is a decrease in the 
correlation coefficient relative to that  for the plot of 
disubstituted compound values us. U +  (0.956) and an 
increase in standard deviations from previousll values 
(0.11, 0.06). Hence the deviation of data points from 
predicted values, i e . ,  points on the correlation line, is 
in rather good accordance with what was expected. 

We are now in a position to  comment on the place- 
ment of the dibroinodimethylamino point on these 
graphs. The deviation from the correlation line in 
Figure 1 is -0.'70 log unit; in Figure 2 it is -0.29 log 
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Figure 2.-Correlation of log (Z/Z,) with u -  and X u +  for 
the formation of CsHSCO+ from hindeied and unhindered benzo- 
phenones. 

unit. The strong inhibition of resonance described 
earlier would have been expected to raise the point 
above the line by 0.45 to 0.62 log unit; one may even 
argue that since the log 2 /Zo values for the single sub- 
stituent m-Rr is also above the correlation line for single 
substituents,2 additivity of substituent effects requires 
that  the point should actually be raised even more than 
0.48 to 0.62 log unit. Quite obviously the deviation 
from the correlation line is not so positive as this picture 
predicts. To a first approximation, then, the picture is 
invalid. 

Considering now the standard deviation of the data in 
these plots and others previously cited, xve find it un- 
liltely that the results can be explained away by two 
compensating effects. one an increase in the true sub- 
stituent effect on the reaction in question and the other 
an opposite variation in intensity resulting from the 
introduction of new reaction pathways and distortion 
of energy distributions. The statistics argue strongly 
against so large a variation due to other causes. The 
amount by which log (Z/Zo) would have to be lowered 
to compensate for so large an increase in the true sub- 
stituent effect (0.48 to 0.62 log unit), and also lower the 
point to its actual position beloJ? the line, exceeds the 
standard deviation of the data by more than four times 
the standard deviation of data points for comparable 
systems, and must therefore correspond to a situation 
which exists less than one time in five thousand. The 
more reasonable picture is that  there is in fact very 
little steric inhibition of resonance of the dimethylamino 
group by the bromo substituents flanking it in this 
system; if there is any change in the effect of the di- 
methylamino group, it is less than can be detected 
because of statistical problems. Thus more resonance 
interaction remains in the system than the meta-sub- 
stitution analogy can approximate, and indeed the 
para-substitution analogy still predicts results fairly 
well. 

We note that there is a parallel between these results, 
where the resonance effect of the dimethylamino group 
cannot be diminished by attempts at  twisting it, and the 
previously reported case of the p-phenyl substituent in 
the benzophenone system.2 A very strong resonance 
effect, greater than nearly all solution cases, was noted 
there in the formation of mle 105, and it was attributed 
t o  the ability of the p-phenyl substituent to achieved 
coplanarity with the substituted ring in the molecular 
ion more easily, since blocking by ortho hydrogens was 



140 J .  Org. Chem,, Vol, 36, No. 1, 19Yj FEUER, HALL, AKD ANDERSON 

apparently very easily overcome. We are continuing 
our studies by examining the effect of other, larger ortho 
substituents on the resonance effect of the p-phenyl 
substituent in benzophenones. 

I n  comparison with the result for the hindered nitro- 
b e n z e n e ~ , ~ ~ , ~ ~  these two results are startling. In  the 
nitrobenzenes, where one begins with a system without 
much resonance interaction between substituent and 
reaction center and produces an ion where resonance 
stabilization is important, steric inhibition of resonance 
is easily achieved by flanking groups. Now juxtaposed 
to this system we have a case where resonance demand 
is lost in the product ion, yet as measured by substituent 
effects flanking substituents seem unable to decrease 
resonance interaction substantially. This latter case 
is of course one in which the number of free rotors in- 
creases throughout the progress of the reaction, while 
the nitrobenzene rearrangement involves a decreasing 
number of rotors as the quinonoid ion is formed in the 
initial stages of the reaction. I n  the statistical treat- 
mentjZ2 the energy dependence of rates (and therefore 

(22) H. M. Rosenstock, Advan. M a s s  Spectrom., 4 ,  523 (lees), and ref- 
erences contained therein. 

ultimately ion intensities) is then different for the two 
cases. Even so, it is difficult to  draw a fully consis- 
tent picture. Apparently resonance effects remain im- 
portant in spite of blocking in simple cleavages like the 
formation of m/e 105 in benzophenones, fast reactions 
on the average, but can be blocked in a t  least some rear- 
rangements, like the nitrobenzene rearrangemcnt, which 
are on the average several orders of magnitude slower. 
Perhaps this implies that  steric inhibition of resonance 
takes time t o  become effective, as if ionization on the 
nitrogen atom in both systems (or the first transmittal 
of energy to this site of lowest energy) produces at  first 
a nonequilibrium set of states in which there is enough 
vibrational energy associated with the dimethylamino 
group to  force a more nearly planar configuration of the 
substituent and the ring, but  then over several hundred 
vibrational periods equilibrium among vibrational 
modes over the whole molecule is achieved, and the 
substituent then no longer can so easily achieve such a 
small average dihedral angle with the ring. 
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In  aqueous medium at the appropriate pH, potassium salts of a,cr'-dinitrocyclanones undergo ring cleavage 
In methanolic acetic acid, cleavage proceeds without to the corresponding qw-dinitroalkanes in high yield. 

decarboxylation to qw-dinitroalkyl methyl esters. 

I n  a preliminary report,' we communicated a new 
ring-opening reaction of potassium 2-keto-3-nitrocyclo- 
allcanenitronates which provides a convenient route for 
the preparation of a,w-dinitroalkanes. These salts 
were obtained directly from alkyl nitrate nitration mix- 
tures2 after acidification with glacial acetic acid and, 
therefore, mere contaminated with potassium acetate. 
We are now reporting on the results of the reaction with 
the analytically pure salts, dipotassium 2-keto-1,3- 
cyclopentanedinitronate (l),  potassium 2-keto-3-nitro- 
cyclopentanenitronate (Z), dipotassium 2-keto-1,3- 
cyclohexanedinitronate (3), potassium 2-keto-3-nitro- 
cyclohexanenitronate (4), and dipotassium 2-keto-1,3- 
cy~loheptanenitronate~ ( 5 )  (eq 1). The purity of these 

[02N,&No2] *- 2K+ - H +  O,NCH,(CH,),CH,NO, (1) 

n = 2-4 

salts was conveniently determined by nonaqueous titra- 
tiom4 

The pure mononitronate salts 2 and 4 mere obtained 
on acidifying aqueous solutions of the corresponding 
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dinitronate salts3 1 and 3 at  0" with acetic acid. Com- 
pound 4 was also obtained on treating 3 with metlianolic 
glacial acetic acid at  26". This procedure was not 
applicable for the preparation of 2 because of its high 
solubility in methanol. 

The high purity of 3 was demonstrated by the fact 
that  it was converted in 93% yield to 2,B-dinitrocyclo- 
hexanone (6) upon treatment with hydrogen chloride 
in an ether suspension. Compound 6 mas purified by 
sublimation in uucuo and, contrary t o  a previous report,> 
readily gave a 2,4-DNP derivative in 90% yield. 6 
was reconverted into 3 on treatment with aqueous 
potassium hydroxide (eq 2 ) .  

6 

a,w-Dinitroalkanes.-The results of hydrolytic cleav- 
age of compounds 1-6 leading to a+-dinitroalkanes 
are summarized in Table I. At about the same pH, 
the disalts 1 and 3 gave 1,4-dinitrobutane (7) and 1,s- 
dinitropentane (S), respectively, in the same yields as 
the monosalts 3 and 4, except that  2 molar equiv of acid 
was required. However, a significant difference be- 
tween l and 3 was observed on treatment with acetic 

(5) H. Wieland, P. Garbsch, and J. J. Chavan, Justus Liebigs  Ann.  Chem., 
461, 295 (1928). 


