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is indicated by the coefficient of about 0.4 kcal/mol 
in the free energy of activation14 per part per million 
shift on ionization in magic acid. 

Acknowledgment. We are pleased to acknowledge the 
assistance of Miss Karin Schneider in part of the ex
perimental work. Helpful discussions with Dr. Stanton 
Ehrenson and Professors H. C. Brown, G. A. Olah, 
V. J. Shiner, Jr., and M. Wolfsberg are gratefully ac
knowledged. 

(14) V. J. Shiner, Jr., W. E. Buddenbaum, B. L. Murr, and G. Laraaty, 
J. Amer. Chem. Soc, 90, 418 (1968). 

J. W. Timberlake, J. A. Thompson, R. W. Taft* 
Department of Chemistry, University of California, Irvine 

Irvine, California 92664 
Received September 8,1970 

Substituent Effects at a Radical Migration Origin 

Sir: 

Free-radical aryl migrations have been under in
vestigation by organic chemists for over two decades, 
but, except for the illuminating work of Riichardt 
and coworkers1 on the migratory aptitudes of sub
stituted phenyl groups, little is known concerning the 
nature of the rearrangement transition state and the 
effects of substituents upon its stability. The interest
ing observation2 that (9-phenyl-9-fluorenyl)acetaldehyde 
(1), upon peroxide-induced decarbonylation, gives a 
radical which undergoes 100% rearrangement with the 
exclusive migration of the phenylene ring prompted 
us to investigate the reaction further. Clearly, this 
system presents a unique opportunity to study the 
effects of various substituted phenyl groups at the 
migration origin of free-radical rearrangement reactions 
and avoids the possibility that such a group would 
compete in the rearrangement. 

Accordingly, compounds, 1, 2, 3, and 4 were syn
thesized for this purpose. 

1 , X - H 
2,X-OCH 3 

3, X-CH 3 

4, X = Cl 

These particular substituents were chosen because 
they correlated well in Riichardt's work. All of the 
decarbonylation reactions were carried out under the 
same experimental conditions in the presence of benzyl 
mercaptan. In each case, 20 mol % of the mercaptan 
was added to a 0.5 M solution of the aldehyde in 
1,2-dichlorobenzene. The solution was first degassed 
to remove oxygen and then it was maintained at 140 ± 
0.01° and two quantities of di-te/7-butyl peroxide con
sisting of 20 mol % each were added initially and 
after 120 min (40 mol % total amount), the total re

action time being 330 minutes. The rates of carbon 
monoxide evolution were measured and from these 
it was found that all four aldehydes undergo decar
bonylation at the same rate, to the same extent, and 
presumably, therefore, by the same mechanism. The 
products, isolated by preparative tic and column chro
matography and characterized by elemental analysis 
and ir and nmr spectroscopy, were found to be 9-
(/>-X-phenyl)phenanthrenes 5, 9,10-dihydro-9-(p-X-
phenyl)phenanthrenes 6, and 9-methyl-9-(p-X-phenyl)-
fiuorenes 7 (X = OCH3, CH3, H, or Cl). 

The product percentages were determined by nmr, 
and the results are shown in Table I. 

Table I. Product Percentages" 

Substituent 

OCH5 
CH3 
H 
Cl 

%5 

54 
54 
53 
54 

%6 

23 
26 
28 
31 

%7 

23 
20 
19 
15 

« Error is ± 1 % . 

When the reaction was run in the absence of the 
mercaptan no 7 could be isolated. The presence of 
the benzyl mercaptan thus has the effect of trapping 
the unrearranged radical to produce 7. In the presence 
of mercaptan the initial radical formed by decarbonyla
tion is involved in a competition between rearrange
ment and hydrogen atom abstraction as shown in 
Scheme I. 

Scheme I 

5 + 6 

Assuming that the rate constant for hydrogen-atom 
abstraction, kA, is independent of the substituent X (a 
reasonable assumption when one considers the distance 
of the substituent from the radical center), an equation 
can be developed which allows the calculation of the 
relative rate constants for the rearrangement steps. 

(1) C. Riichardt and R. Hecht, Chem. Ber., 98, 2471 (1965), and 
preceding papers. 

(2) B. M. Vittimberga, Tetrahedron Lett., 2383 (1965). 

rearranged product _ kR 

unrearranged product /cA[PhCH2SH] 
% 5 + %6 
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/ rearranged \ 

r e l k = Vunrearranged/X = (kR)x 

/ rearranged N (/cR)H 

Vunrearranged/H 

The product ratios and relative rearrangement rate 
constants are shown in Table II. 

Table II. Product Ratios and Relative Rate Constants 

Substituent 

OCH3 
CH3 
H 
Cl 

Rearranged 
Unrearranged 

3.35 
4.00 
4.26 
5.67 

Relative kn 
rearrangement 

aptitude 

0.785 
0.938 
1.000 
1.329 

Ruchardt0 

migration 
aptitude 

0.35 
0.65 
1.00 
1.82 

a See ref 1. 

A good Hammett correlation was obtained by plot
ting log relative /cR vs. a, and the value of the reaction 
constant was calculated by the method of least squares 
to be +0.426. This rearrangement is, therefore, fa
cilitated to a small degree by electron-withdrawing 
substituents on a benzene ring attached to the migra
tion origin. 

Riichardt's picture of the rearrangement transition 
state as a semipolar hybrid with partial positive char
acter at the migration origin is, however, incompatible 
with these results. Based on our data, such a semi-
polar transition state for our system would require 
the migration origin to have a partial negative charge. 
Results on the analogous rearrangement of the 2,2-
diphenyl-2-(p-nitrophenyl)ethyl radical3 indicate, how
ever, that no charge reversal is involved. 

Interestingly, the present results on the effects of 
substituents at the migration origin (rearrangement 
aptitudes) and Riichardt's results on the effects of 
substituents attached to the migrating aromatic nucleus 
(migration aptitudes) are of different magnitudes but 
in the same direction (Table II). This is clearly demon
strated by the linear relationship which is obtained 
by plotting the logarithms of the relative rearrange
ment rate constants obtained in the present study against 
those obtained by Ruchardt. The slope of this line 
(+3.11) shows that the effect of a substituent on an 
aromatic ring at the migration origin is approximately 
one-third the effect of the same substituent on the 
aromatic ring which is migrating. This could simply 
be due to the greater distance of the substituent from 
the radical center in the fluorenyl system. 

We have concluded from these results that for the 
substituents studied the transition state for a free-
radical aryl migration is purely radical in character, 

(3) D. Y. Curtin and J. C. Kauer, / . Org. Chem., 25, 880 (1960). 

with contributing structures such as shown in 8 for 
this study. 

Ruchardt found that some substituents such as the 
nitro and cyano groups increased the migration aptitude 
by a very large extent and consequently did not lie 
on the straight line. It is likely with very strong 
election-withdrawing groups that ionic contributions 
are important. 

Further work is in progress with these systems and a 
complete report is forthcoming. 
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Nuclear Magnetic Resonance Determination of Syn and 
Anti Conformations in Pyrimidine Nucleosides 

Sir: 

Recently considerable study has been directed toward 
determination of the relative positions of sugar and 
base moieties about the glycosidic bond in nucleosides 
and nucleotide derivatives. Crystallographic data l have 
shown that in most cases the anti conformational 
range for the torsion angle, <t>cx> is preferred.2 How
ever, for purine nucleosides substituted in the 8 position 
with bulky groups, both X-ray data on the crystals3 and 
CD spectra in aqueous solution4 indicated predomi
nantly syn conformers. In terms of biological signifi
cance, it has been shown that certain enzymes catalyzing 
polynucleotide synthesis will not function with purine 
and pyrimidine nucleoside di- or triphosphate substrates 
not having normal anti conformations, including the di-
or triphosphate of 6-methylcytidine.5'6 

We wish to report a facile determination of syn and 
anti conformation in various substituted pyrimidine 
nucleosides in solution using nuclear magnetic reso
nance. Nmr techniques have previously been success
ful in determination of conformation about the glyco
sidic bond in some nucleosides, nucleotides, and di-
nucleoside monophosphates.7-10 In this communica
tion we make use of the 2-keto anisotropic effect upon 
ribose proton chemical shifts to determine syn and anti 
nucleoside conformation. 

Chemical shifts for several pyrimidine nucleosides are 
presented in Table I. Comparison of 5- and 6-methyl
cytidine and 5- and 6-methyluridine reveals a significant 
deshielding at H-2' (0.5-0.6 ppm) and at H-3' (0.15-0.2 
ppm) in the 6-methyl derivatives. Concomitant with 
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