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This four-reaction cycle contains four chiromers, three 
retentions, and one inversion. Unlike the cycle of 
Chart I, the presence of a ligand metathesis and one in
version makes this reaction cycle podal. All chiromers 
contain tolyl and oxygen as common ligands and there
fore the cycle is diligostatic.2 
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The Isotopic Rearrangement of n-Propyl-a-uC-benzene 

Sir: 

In 1964 Roberts, Khalaf, and Greene1 proposed 
that the isotopic rearrangement of a or /3 14C-labeled 
n-propylbenzene in the presence of aluminum chloride 
involves diphenylpropanes as key intermediates. Later 
in the same year, Farcasiu2 suggested that the isotopic 
rearrangement and the small amount of isomerization 
of isopropylbenzene that also occur result from a mech
anism in which diphenylhexyl cations (Ci8H2I

+) are 
produced, rearrange, and undergo fission in a way 
similar to the "bimolecular mechanism" proposed by 
Karabatsos for the isotopic rearrangements of 13C-
and uC-labeled ?e/-;-pentyl cations.3-4 

Both of these mechanisms provide explanations for 
an important aspect of the n-propylbenzene isotopic 
rearrangement; the lack of rearrangement of the iso
topic carbon to the y position. In both of them the 
intermediate carbonium ions which lead to equilibration 
of the isotope between the a and 0 positions can be 
secondary, whereas primary carbonium ions are required 
to put the isotope into the 7 position.5 

An obvious and elegant test to distinguish between 
these two mechanisms would be to use 13C as the label
ing isotope. The diphenylhexyl cation mechanism 
would allow the formation of dilabeled and unlabeled 
as well as monolabeled molecules of n-propylbenzene, 
whereas only monolabeled isotopic isomers could result 
from rearrangement via diphenylpropane intermediates. 
Analysis of the reaction products by mass spectroscopy 
should thus allow an assessment of the extent of rear
rangement via bimolecular processes. 

n-Propyl-a-13C-benzene was synthesized from Ba-
13CO3 by a procedure analogous to the one described 
previously for «-propyI-a-14C-benzene.6 The isotopic 
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analysis of 13C-labeled molecules was obtained by mass 
spectrometry through comparison of the intensities of 
the p and p + 1 ions. The spectrum of unenriched 
n-propylbenzene at 70 eV exhibits a strong parent peak, p 
(m/e 120), and a small p + 1 peak (m/e 121) which 
corresponds to the expected distribution of molecules 
containing 13C from natural abundance. The enriched 
n-propyl-a-13C-benzene exhibited a much higher ratio 
of mje 121:120 peaks, of course (Table I). The for-

Table I. Mass Spectroscopic Analysis of n-Propyl-13C-benzene 
before and after Reaction with Aluminum Chloride 

Expt 1 
Expt2 

Expt 1 
Expt 2 

m/e 120 
(C9H12

+), 
% 

67.7 
83.1 

67.7 
83.3 

mje 121 m/e 91 
(Cs13CH18

+), (C7H7
+), 

% % 
Before Reaction 

32.3 67.7 
16,9 82.1 

After Reaction 
32.3 82.5 
16.7 90.8 

m/e 92 
(C6'

3CH7
+), 

% 

32.3 
17.9 

17.5 
9.2 

mation of dilabeled and unlabeled molecules from 
monolabeled molecules of n-propylbenzene upon re
action with AlCl3 could be detected easily by a signifi
cant change in the ratio of the mje 121:120 peaks. 

The distribution of the label in the fragment ions 
of the mass spectrum could be used to locate the posi
tion of the label within the parent molecule, if there 
were no scrambling of carbon atoms preceding the pri
mary fragmentation. Cleavage of the bond between 
the a and /3 carbon atoms does indeed produce the 
tropylium ion (C7H7

+, m/e 91, and C6
13CH7

+, m/e 92, 
base peak) without scrambling the label, thereby making 
possible determination of the amount of 13C in the a 
position before and after the isotopic rearrangement. 

Samples of n-propyl-a-13C-benzene (500 mg, 32.3% 
monolabeled and 498 mg, 16.9% monolabeled) were 
treated with aluminum chloride in the presence of ben
zene and a trace of water (1.0:0.5:6.0:0.1 molar ratios, 
respectively) at reflux for 7 hr, duplicating the conditions 
previously reported1 to give equilibration of the isotope 
between the a and /3 positions. The work-up, involving 
decomposition of the reaction mixture with water, was 
carried out as before. Preparative glpc resulted in 60-
67% recovery of n-propylbenzene. 

The quantitative mass spectral data were obtained 
with a CEC 21-110 mass spectrometer with an ionizing 
voltage of 70 eV. Peak intensities were measured by 
means of a potentiometric recorder. The data are 
presented in Table I. The natural abundance of 13C, 
1.1 % per carbon atom, was subtracted from each of the 
observed values. 

As may be seen from the first two columns of Table I, 
there was no significant change in the ratio of the mje 
120:121 peaks before and after reaction, showing that 
no unlabeled or dilabeled n-propylbenzene molecules 
were produced. The change in the ratio of the mje 
91:92 peaks before and after reaction (columns three 
and four) was indicative of the expected isotopic rear
rangement; in experiment 1, 54.3% (17.5/32.3 X 100) 
and in experiment 2, 51.4% (9.2/17.9 X 100) of the 13C 
remained in the a position after reaction. 

13C and 1H nmr spectroscopy was also used to con
firm 13C label position among the a, 0, and \ positions, 
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but the analysis was less accurate than that by mass 
spectrometry ( ± < 5 % vs. ± <2%). The 13C nmr 
spectrum of the isotopic label-rearranged n-propyl-
benzene (experiment 1) was obtained with a Varian 
DP60-IL (modified) spectrometer using CAT of 2163 
scans. Two overlapping triplets were observed cor
responding to the a and (3 carbon atoms, at 56.8 and 
43.5 ppm, respectively, calculated using an external 
methyl iodide reference. Integration by peak weights 
indicated that the 13C label was distributed 53% at the 
a position and 47 % at the (3 position. The proton nmr 
spectrum of the same sample (experiment 1) displayed 
a small side band upfield from the 7-methyl absorption 
which was a result of 13C in natural abundance at the 7 
carbon, and which did not increase after the isotopic 
rearrangement (Varian HA-100 spectrometer). 

These results show that during the reaction of n-pro-
pylbenzene with aluminum chloride in the presence of 
excess benzene and a trace of water at reflux, a process 
takes place which scrambles the a and /3 positions, but 
not the 7 position of the recovered compound. It is 
unlikely that this rearrangement involves diphenylhexyl 
cations as intermediates, since such intermediates could 
easily rearrange to produce dilabeled and unlabeled 
propylbenzene molecules by shifts and intermediates 
fully equivalent to those required to scramble the a and 
(3 positions. 

The mechanism involving diphenylpropane inter
mediates1 offers a satisfactory explanation of the data, 
since only monolabeled rc-propylbenzene can result from 
this process. The positive effect of solvent benzene 
concentration on the rate of scrambling the a and /3 
positions and the slow rate at which n-propylbenzene is 
isomerized to isopropylbenzene can also be seen as 
logical consequences of the diphenylpropane mecha
nism. 
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Orientation Effects in Reactions of Acyl Chymotrypsins 

Sir: 

An important component of the catalytic efficiency 
of enzymes is their ability to juxtapose reacting groups 
in configurations which maximize reactivity.1 It is 
qualitatively clear that the distance between reacting 
atoms is not the only determinant of reactivity—the 
orientation of the reacting groups is also important. 
Opinions differ as to the importance of this effect.2 

Progress in this area has been impeded by a lack of 
unambiguous examples of the effect of orientation. 

(1) W. P. Jencks, "Catalysis in Chemistry and Enzymology," Mc
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We present here data concerning the reactivity of 
certain acyl chymotrypsins which provide clear evidence 
for the operation of an orientation effect. 

Acyl chymotrypsins can react with nucleophiles other 
than water, such as methanol3-5 and amines.4-7 

Hydroxylamine4-6 and methoxylamine7 are effective 
nucleophiles toward acyl enzymes derived from non
specific substrates, but they are very ineffective nucleo
philes toward acyl enzymes derived from specific 
substrates. 

Ammonia, the nitrogen nucleophile which is struc
turally most like water, has not been studied extensively. 
Ammonia and primary amines are quite reactive toward 
furoyl chymotrypsin,6 but no parallel study of acyl 
enzymes derived from specific substrates has been 
reported. We have measured the reactivity of am
monia toward jV-acetyl-L-tryptophanyl chymotrypsin 
by two independent methods. The lack of reactivity 
of ammonia in this case is in striking contrast to its 
reactivity toward furoyl chymotrypsin and provides 
evidence for very specific geometric constraints in the 
hydrolysis of acyl chymotrypsins. 

The reactivity of ammonia toward jV-acetyl-L-
tryptophanyl chymotrypsin was measured by hydrolysis 
of jV-acetyl-L-tryptophanamide at pH 9.43 in the 
presence of 0.003-0.1 M ammonia containing 8.5 atom 
% 15N. The reaction was stopped after 10-50% 
hydrolysis and the remaining starting material was 
isolated and analyzed8 for 15N. Incorporation of the 
heavy isotope into the amide never exceeds 0.005 atom 
%. Because of this small incorporation and because 
of the presence of a substantial isotope effect on the 
reaction8,9 it is impossible to make an accurate estimate 
of the exchange rate. It is clear that ammonia is no 
more than four times as reactive as water.10 

Because of the lack of precision of the isotopic 
method we also measured the reactivity of ammonia 
by another method. W-Acetyl-L-tryptophan methyl 
ester was hydrolyzed with chymotrypsin at pH 10.0 
in the presence of 0.10 M ammonia. After completion 
of the hydrolysis, the product mixture was analyzed by 
quantitative column chromatography for the presence 
of vV-acetyl-L-tryptophanamide.11 Only a very small 
amount of amide was formed. The reactivity of 
ammonia toward this acyl chymotrypsin is approxi
mately sixfold less than that of water after correction 
for protonation of ammonia.10 

From these studies and from previous studies of 
aminolysis of chymotrypsins a very significant fact 
emerges. The nucleophilicity of ammonia toward acyl 
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concentration and considering the PK3. of ammonia to be 9.25. 
(11) A DEAE-cellulose column was used. The analysis was made 

by Ehrlich assay on concentrated effluent fractions. In some experi
ments a small amount of jV-acetyl-L-tryptophanamide was added before 
ihe enzymatic hydrolysis in order to check the reliability of the pro
cedure. The expected increase in yield of amide was observed. Under 
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