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In the 1,3 eliminations initiated by D M F a com­
parable mechanism (W type in the Nickon-Wers t iuk 
classification2) appears reasonable, with p ro ton removal 
occurring from a conformat ion in which the p ro ton is 
cis to the sulfone oxygen a toms. 

If one further assumption is made, this W-type mech­
anism can be used to rationalize the observation that 
base-initiated 1,3 eliminations from R C H 2 S O 2 C H X R 
a-ha lo sulfones give m - a l k e n e s {via m-d ia lky l episul-
fones) in greater a m o u n t t han rrans-alkenes. '3 The 
required assumption is that proton removal occurs 
from a particular conformation, e.g., 5, in which the 
halogen atom is oriented trans to the sulfonyl oxygen 
atoms and in which the alkyl groups are trans to one 
another. The W-type mechanism then requires reac­
tion via conformation 6 to give the cis episulfone.14,15 
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Substituent Effects in Unimolecular Ion Decompositions. 
XIII.1 The Quantitative Effect of Product Ion Stability 

Sir: 

Since our earlier work describing aromatic systems 
in which the effect of substituents on mass spectra was 
related to Hammett o- constants with a high degree of 
correlation,2 other systems have been reported that show 
less or no such correlation.3 Recently one of us pro­
posed1 that there are five major factors by which a sub­
stituent can affect product ion abundance; we report 
here the first quantitative study in which one of these 
factors can be observed independently. The factor 
studied, the effect of product ion stability, has pre­
viously been postulated to be a major driving force in 
mass spectral reactions, but only qualitative correlative 
evidence has been available to support this postulate.4 

The abundant C7H7
+ and YC7H6

+ ions in the spectra 
of substituted bibenzyls, YC6H4CH2CH2C6H5, were 
chosen for study because of the continuing interest in 
the possibility of tropylium vs. benzyl structures for 
such ions.6 In a recent independent study Brown6 

presents persuasive substituent-effect evidence that 
YC7H6

+ ions from YC6H4CH2OC6H5 have the benzyl 
structure, despite evidence for the tropylium structure 
in both decomposing5,7 and minimum-energy8 YC7H6

+ 

ions. As Brown recognized,6 a less probable explana­
tion for his evidence involves the effect of substituents 
on the molecular ion energies. Evidence from our 
system, in which this effect is eliminated, supports his 
conclusions fully. 

To eliminate this substituent effect on the distribution 
of the internal energy values of the precursor ions9 and 
the substituent effect on bond strength and competitive 
reactions ("factors 1, 3, and 4"1), the abundances of the 
substituted product ion YC7H6

+ can be compared di­
rectly to that of the reference ion C7H7

+ in each spec­
trum. Further decomposition of these ions ("factor 
5"1) is made negligible by utilizing 15.3-eV ionizing 
electrons. The results, [YC7H6+]/[C7H7

+], which should 
represent the ratio of the averaged rates of formation 
of these ions, are plotted vs. a+ constants in Figure 1. 

The observed variation of [YC7H6
+MC7H7

+] is >106, 
exceeding the dynamic range of the instrument; p = 
— 3.3, a much larger absolute value than any previously 
observed.10 This provides dramatic quantitative sup­
port of the postulation that product ion stability is a 
major driving force for mass spectral reactions and that 
the structure of the transition state of this endothermic 
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(5) H. M. Grubb and S. Meyerson in "Mass Spectrometry of Organic 
Ions," F. W. McLafferty, Ed., Academic Press, New York, N. Y., 1963, 
Chapter 10, and references cited therein. 

(6) P. Brown, / . Am. Chem. Soc, 90, 2694 (1968). 
(7) K. L. Rinehart, A. C. Buchholz, G. E. Van Lear, and H. L. Can-
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Figure 1. Correlation of the abundance of YC7H6
+ with that of 

C7H7
+ in the spectra of substituted 1,2-diphenylethanes, YC6H4CH2-

CH2C6H5. The values indicated by a line with an arrow are upper 
or lower limits; in these cases the abundance of one of the con­
jugate ions was too low for accurate determination. The data were 
measured at 15.3 eV using a Hitachi RMU-6D mass spectrometer as 
described previously.2 

reaction resembles that of the product.4-11 Further, 
the substituent effect on the stability of the ion product 
far exceeds that on the radical product; e.g., in^-NH2-
C6H4CH2CH2C6H6, although the electron-donating 
group should stabilize the benzyl radical, the abundance 
of the conjugate C7H7

+ ion is still negligible because of 
the competitive stabilization of the /J-NH2C6H4CH2

+ 

ion. This is similar to polar effects observed in free-
radical reactions.12 

Following the reasoning of Brown,6 the difference of 
a factor of nearly 1000 in [NH2C7H6

+]/[C7H7
+] for the 

meta and para isomers can only be explained by dif­
ferent transition states for the respective decompositions. 
With the strong evidence for the close similarity of the 
transition state and product ion structures, this is con­
sistent with a benzylic structure for the ground-state 
NH2C7H6

+ products, and not the tropylium structure. 
Any effect of differences in the distributions of energy 
values in the molecular ions of the isomers should be 
eliminated.1,6 

The correlation of a+ with log ZjZ0, where Z = 
[YC7H6

+][YC6H4CH2CH2C6H5+], is poor, as expected 
because the distribution of the energy values of the mo­
lecular ions is changing with Y. However, it appears 
that the ionization potential is an approximate measure 
of this effect, so that the results are much better corre­
lated by a two-term equation. Such techniques for 
the quantitative measurement of the basic factors yield­
ing substituent effects1 will be discussed in the full 
paper.13 
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The Roles of Reduced Nicotinamide-Adenine 
Dinucleotide Phosphate in Steroid Hydroxylation 

Sir: 

The C-11/3 hydroxylation of deoxycorticosterone 
(DOC) by adrenal cortex mitochondria requires reduced 
nicotinamide-adenine dinucleotide phosphate (NAD-
PH)1 as the electron donor and incorporates 18O from 
molecular oxygen into DOC.2 Since there is nearly 
a 1:1 correlation between oxygen consumed and DOC 
hydroxylated,3 the steroid 11/3-hydroxylase of adreno­
cortical mitochondria falls within the external mixed-
function oxidase classification of Mason4 or the mono-
oxygenase terminology of Hayaishi.5 Since enzymatic 
hydroxylation of steroids has been found to proceed 
with retention of configuration6-8 and appear to follow 
the rule of Bloom and Shull,9 it is likely that enzymatic 
hydroxylations occur by stereospecific displacement of 
hydrogen by an electrophilic species such as OH+. 
Largely due to the elegant studies of Cooper, et a/.,10-12 

on the one hand and Kimura's group13-15 on the other, 
the mitochondrial steroid 11/3-hydroxylase has been 
resolved into three components: adrenodoxin re­
ductase or flavoprotein (FP), adrenodoxin or nonheme 
iron protein (NHIP), and cytochrome P45O (P450) or 
hemoprotein. On the basis of reconstitution experi­
ments, Scheme I was proposed12 for the roles of these 
components in electron transfer and steroid hydroxyla­
tion. 

Scheme I 

NADPv J T F P - V X N H I P - ,,P450 JJ2 
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Fe2+ Fe3+ R - 0 H 

According to Scheme I, reduced cytochrome P450 

reacts with substrate and molecular oxygen; one atom 
of the "activated" oxygen molecule is utilized to oxidize 
the hemoprotein (P45o) while the other atom of oxygen 
reacts with the substrate molecule and results in the 
introduction of one oxygen atom as a hydroxyl group 
into the steroid molecule. The function of NADPH is 
solely to provide the reducing equivalents for P450(Fe2+) 
via the NADPH-cytochrome P450 reductase electron-
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