rearranged )
unrearranged/x _ (kr)x

rearranged ) " (kn)x
unrearranged /g

rel kg =

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

Table II. Product Ratios and Relative Rate Constants
Relative kg Riichardts
Rearranged  rearrangement migration
Substituent Unrearranged aptitude aptitude
OCH; 3.35 0.785 0.35
CH; 4.00 0.938 0.65
H 4,26 1.000 1.00
Cl 5.67 1.329 1.82

@ See ref 1.

A good Hammett correlation was obtained by plot-
ting log relative kg vs. o, and the value of the reaction
constant was calculated by the method of least squares
to be 4+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 radical® 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 11). 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 Riichardt. 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, J. Org. Chem., 25, 880 (1960).
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with contributing structures such as shown in 8 for
this study.

Riichardt 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,.

(4) National Defense Education Act Graduate Fellow, 1964-1967,

(5) National Science Foundation Summer Trainee, 1968.
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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! have
shown that in most cases the anti conformational
range for the torsion angle, ¢¢x, is preferred.? How-
ever, for purine nucleosides substituted in the 8 position
with bulky groups, both X-ray data on the crystals® and
CD spectra in aqueous solution* 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.?®

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.”™*® 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

(1) M., Sundaralingam, Biopolymers, 7, 821 (1969).

(2) J. Donohue and K. N. Trueblood, J. Mol. Biol., 2, 363 (1960),

(3) S.S. Tavale and H. M, Sobell, ibid., 48, 109 (1970).

(4) D. W, Miles, L. B. Townsend, M. J. Robins, R, K. Robins, W. H.
Inskeep, and H. Eyring, J. Amer, Chem. Soc., in press.

(5) A. M. Kapuler, C. Monny, and A. M. Michelson, Biochim.
Biophys. Acta, 217, 18 (1970).

(6) A. M. Kapuler and S. Spiegelman, Proc. Nat. Acad. Sci., 66, 539
(1970).

(7) F.E.Hruska, A. A, Grey, and I, C. P, Smith, J. Amer. Chem. Soc.,
92, 4088 (1970).

(8) M. P. Schweizer, A, D. Broom, P. O. P. Ts’0, and D. P. Hollis,
ibid., 90, 1042 (1968).

(9) S.I. Chan and J. H. Nelson, ibid., 91, 168 (1969),

(10) P, O. P. Ts’o, N. S. Kondo, M, P, Schweizer, and D. P. Hollis,
Biochemistry, 8,997 (1969).
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Figure 1. Several pyrimidine nucleosides shown in the preferred
conformations as deduced by noting the anisotropic effect of the
keto group upon ribose proton chemical shifts (see text).

this deshielding are upfield shifts for H-1’ (0.16-0.25
ppm), H-4’ (0.17 ppm), and H-5’,5"" (0.04-0.10 ppm).

6-Methyleytidine and 6-methyluridine display nega-
tive CD curves!! whereas the 5-methylpyrimidine nu-

Table I. Ribose Proton Chemical Shifts for Various
Pyrimidine Nucleosidesa

Chemical shifts, ppm, from TMS capillary

Nucleoside? H-1’ H-2’ H-3’ H-4' H-5,5"
5-Methyleytidine 6.40 4.71 471 4.71 4.41
6-Methyleytidinee 6.15 530 4.86 4.48 4.31
5-Methyluridine® 6.36 4.69 4.69 4.69 4.34
6-Methyluridine® 6.10 5.27 4.8 4.46 4.30
6-Oxocytidinee 6.67 5.26 4.85 4.50 4.23
1-3-p-Ribofuranosyl-

barbituric acide 6.57 5.10 4.85 4.48 4.20
4-Thiouridine 6.33 4.74 4.74 4.74 4.36

1-8-p-Ribofuranosyl-
2,4-quinazolinedione’¢ 6.58 5.02 4.63 h 4.14

@ These compounds were obtained either from commercial
sources or by established literature procedures. ? 109 solutions in
D.;0O; spectra recorded at 60 MHz on a Perkin-Elmer Hitachi R20A
spectrometer. Probe temperature 34°. °© M., W, Winkley and R.
K. Robins, J. Org. Chem., 33, 2822 (1968). ¢ We thank Dr. J. J.
Fox, Sloan-Kettering, for his gift of this compound. ¢M. W,
Winkley and R. K. Robins, J. Chem. Soc. C, 791 (1969). 7 10%
solution in DMSO-ds. ¢ M. G, Stout and R. K. Robins, J. Org.
Chem., 33,1219 (1968). *» H-4’ resonance obscured by HDO.

cleoside derivatives have the usual positive Cotton ef-
fects. These results indicate that 6-methyleytidine and
6-methyluridine are not in the normal anti conforma-
tion. Examination of molecular models indicates that
intimate van der Waals contact between the 6-methyl
and 5’-CH,OH groups would prevent 6-methylcytidine
and 6-methyluridine from assuming the normal anti
conformation and that this contact could be relieved by
clockwise rotation about the glycosidic bond. These
considerations lead one to propose that the deshielding
and shielding phenomena displayed at the various

(11) D. W. Miles, M. J. Robins, R, K. Robins, M, W, Winkley, and
H. Eyring, J. Amer, Chem. Soc., 91, 824, 831 (1969),

ribose protons of the 6-methylated nucleosides result
from the anisotropy of the 2-keto group which has been
brought in proximity to these protons due to rotation
of the base in a clockwise manner.

To further elucidate the nature of the keto anisotropy,
we have examined several pyrimidine nucleosides con-
sidered primarily to be anti conformers which possess
6-keto groups located over the ribose ring. For 6-0xo-
cytidine and 1-8-p-ribofuranosylbarbituric acid (6-oxo-
uridine), the ribose proton chemical shifts shown in
Table I are quite similar to those of 6-methylcytidine
and 6-methyluridine. These data are in agreement
with our data on an additional 6-keto compound,
1-3-p-ribofuranosyleyanuric acid.!* The 0.2-0.25-
ppm downfield shift for H-1’ in the 6-keto-substituted
compounds may be due to the electron-withdrawing
effect of the additional carbonyl.

Consequently, on the basis of these data, 6-methyl-
cytidine (Figure 1) and 6-methyluridine are considered
to exist primarily in the syn conformation in aqueous
solution. Jy—y coupling constants are similar in the
two pairs of the 5- and 6-methyl nucleosides which in-
dicates that the ribose conformations are nearly equiva-
lent.

It was of interest to examine the ribose proton chemi-
cal shifts of 4-thiouridine, a constituent of several E.
colitRNAs, 12 Crystallographic data ' have shown that
this nucleoside exists in the syn conformation whereas in
solution the anti conformer of 4-thiouridine 5’-phos-
phate predominates.!* The ribose proton chemical-
shift data in Table I for this nucleoside are similar to
those of anti-5-methyluridine and 5-methylcytidine;
thus, 4-thiouridine is mostly anti in solution.

In the case of the quinazoline nucleosides, where a
benzene ring is fused 5,6 to the pyrimidine ring, one
might expect that the conformation would be altered
compared with more simple pyrimidine nucleosides.
Accordingly, we have studied 1-3-D-ribofuranosyl-2,4-
quinazolinedione. Because of solubility, this molecule
was studied in DMSO-d;. Although solvent eftects
are important in nucleoside conformation, we found
that the ribose proton chemical-shift differences be-
tween 3- and 6-methylcytidine were of the same nature
in DMSO-d; as in D-O, thus the same conformational
differences exist in DMSO. Deshielding at H-2” and
H-3’ is observed; thus, 1-8-D-ribofuranosyl-2,4-quin-
azolinedione appears to exist in the syn conforma-
tion with respect to the 2 position of the pyrimidine ring.

Although the data presented here allow a qualitative
determination of syn vs. anti conformation, the precise
geometry in terms of values of the torsion angle cannot
be specified due to flexibility of the molecules and to the
fact that the exact nature of the keto group anisotropy
is not known.!67  We have noted a similar keto aniso-
tropic effect on ribose protons in the purine nucleosides
8-oxoadenosine and 8-oxoguanosine and are currently
studying purine nucleosides with bulky 8 substituents.

(12) H. Dugas, B. J. Blackburn, R. K. Robins, R, Deslauriers, and
1. C. P. Smith, in preparation,

(13) H. G. Zachau, Angew. Chem., Int. Ed. Engl., 8, 711 (1969).

(14) W, Saenger and K. H. Scheit, J. Mol, Biol., 50, 153 (1970),

(15) K. H. Scheit and E. Gaertner, Biochim. Biophys. Acta, 182, 1
(19(?2; G. J. Karabatsos, G. C. Sonnichson, N. Hsi, and D. J. Senoglio,
J. Amer, Chem, Soc., 89, 5067 (1967).

(17) L. M. Jackman, “‘Application of Nuclear Magnetic Resonance

Spectroscopy in Organic Chemistry,” Pergamon Press, New York,
N.Y., 1959, p 124,
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Thn Thermal Bicyclo[6.1.0]nonatrienyl Chloride—

Dihydroindenyl Chloride Rearrangement

Sir:

In 1961 Vogel and Kiefer!'? reported the first ob-
servations dealing with rearrangements of bicyclo[6.1.0]-
nonatrienes, a field which subsequently has been rather

extensively investigated.*3

Table I. Thermolysis and Solvolysis Rates, 75°

9,9-Dichlorobicyclo[6.1.0]-

279

[6.1.0]nonatriene rearranges to 1,1-dimethyl-trans-di-
hydroindene.® The behavior of the monochlorides
IV and V related to I has appeared not to follow the
mechanism proposed by Vogel and Kiefer. Regardless
of the stereochemistry at C-9, IV and V were found to
rearrange at about equal rates to give the same product,
1-chloro-8,9-dihydroindene (VI).*#%° Lalancette and
Benson® suggested that “chlorocyclononatetraene (VII)
may be a common intermediate in these transfor-
mations.”

We have investigated the apparent discrepancy
between the behavior of dichloride 1 and monochlo-
rides IV and V. Because of the known propensity of
disrotatory  syn-bicyclocyclopropyl chloride ring
opening,®® V, at least, might be expected to react via the
Vogel-Kiefer mechanism,**®

Compd Solvent k, sec™! kel AH¥*, keal AS¥, eu
v CCl, 2.60 X 1074¢e 1.0 25 -2.3
CH.Cl, 6.53 X 107%a 2.5
907, acetone 2.43 x 10738 9.4
709 acetone 2.97 X 10—3? 11.3
\Y cCl, 2.46 X 104a 0.95 23 —8.7
CH.Cl, 1.13 X 1074 0.44
9097 acetone 2.64 X 10-4¢? 1.01
8097 acetone 1.81 x 10-4% 0.70
I CCl, 3.74 X 1075 0.14
CH,Cl, 6.29 X 1075@ 0.41
809 acetone 3.80 x 10°5% 0.15
709 acetone 4.04 X 1073® 0.16
e Thermolysis rates were obtained by measuring the rate of disappearance of absorptions in the nmr due to H; and Hs. ® Solvolysis rate,

determined conductometrically.

nonatriene (I) upon heating gave 1,2-dichloro-cis-
8,9-dihydroindene (II); the intermediacy of the tri-
cyclic valence tautomer III was proposed to explain
this result.!?

Cl
Cl = @

I 11

Subsequent investigations have shown that this
reaction course is exceptional. For example, 9,9-di-
deuteriobicyclo[6.1.0]nonatriene gives mainly 1,1-di-
deuterio-cis-dihydroindene,?® while 9,9-dimethylbicyclo-

(1) E. Vogel, Angew. Chem., 73, 548 (1961); H. Kiefer, Dissertation,
Ko6ln, 1962,

(2) E. Vogel, Angew. Chem., 74, 829 (1962); Angew. Chem., Int. Ed,
Engl.,, 2, 1 (1963).

(3) W. Grimme, Chem. Ber., 100, 113 (1967); cf. E. Vogel, W, Wiede-
mann, H. Kiefer, and W. F, Harrison, Tetrahedron Lett., 673 (1963).
(4) T.J.Katzand P. J. Garratt, J. dmer, Chem. Soc., 86, 5194 (1964),

(5) E. A.LaLancette and R. E, Benson, ibid., 87, 1941 (1965),

(6) S. W. Staley and T. J. Henry, ibid., 91, 1239 (1969); c¢f. S. W,
Staley and T. J. Henry, ibid., 91,7787 (1969).

(7) W. Grimme, Habilitationsschrift, K6ln, 1968; P. Radlick and W,
Fenical, J. Amer. Chem. Soc., 91, 1560 (1969); G. J. Fonken and W.
Moran, Chem. Ind. (London), 1841 (1963); K. F, Bangert and V. Boekel-
heide, J. Amer. Chem. Soc., 86,905 (1964); S, Masamune, P. M, Baker,
and K. Hojo, Chem. Commun., 1203 (1969); P. Radlick and G. Alford,
J. Amer. Chem, Soc., 91, 6529 (1969); G. Boche, H. Boehme, and D,
Martens, Angew. Chem., Int. Ed. Engl., 8, 594 (1969).

(8) (a) W. H. Okamura and T. W, Osborn, J. Amer. Chem. Soc., 92,
1061 (1970); (b) C. S. Baxter and P. J. Garratt, ibid., 92, 1062 (1970);
(¢) A. G, Anastassiou and R. P, Cellura, Tetrahedron Lett., 911 (1970).

Quantitative measurements (Table I) confirmed that
IV and V rearrange to VI at nearly the same rate in
aproticsolvents, Furthermore, neither thermolysis was

@
e

significantly enhanced if more polar solvents like CH,Cl,
were employed. This shows that the rate-determining
step was in neither case the formation of an ion pair simi-
lar to that involved in the thermal rearrangements of di-

\Y

(9) We have established by nmr analysis in comparison with litera-
ture values and separately synthesized reference compounds that chlo-
ride VI, as well as the corresponding alcohol and methy! ether (e.g.,
X) resulting from solvolysis of VI, possess the cis-exo stereochemistry,

(10) (a) P. v. R. Schleyer, T. M. Su, M. Saunders, and J. C. Rosen-
feld, J. Amer. Chem. Soc., 91, 5174 (1969), and references cited therein,
(b) Precedence for the formation of postulated intermediate XIII
(similar to Vogel and Kiefer’s III) is found in observations of R. Huis-
gen, G. Boche, A. Dahmen, and W. Hechtl, Tetrahedron Lett., 5215
(1968) (cyclooctatetraene oxide in equilibrium with 8-oxatricyclo-
[4.3.0.07 ¥Inonadiene) and Okamura and Osbornj* Baxter and Gar-
ratt,2® and Boche and Konz!! (who were able to trap tricyclo[4.3.0.07¢]-
nonadiene, a valence tautomer of bicyclo[6.1.0]nonatriene, as Diels—
Alder adducts).

(11) G. Boche and W. E. Konz, unpublished results.
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