the second-order rate constants vs. pK, of the catalyzing
base. The Bronsted coefficient is 0.87. In cyclization
reactions of carbamate esters having a neighboring hy-
droxymethyl group, buffer catalysis is not observed,
the reaction involving preequilibrium ionization of the
hydroxymethyl group.? This is most likely due to the
presence of a deactivated acyl group necessitating
nucleophilic attack by a fully developed negative charge.
With I, however, the acyl group is not as deactivated, and
proton transfer is not complete in the critical transition
state, although the Bronsted coefficient of 0.87 indicates
that proton transfer is appreciable.

Extrapolation of the plots of ko.a vs. buffer concen-
tration to zero buffer concentration gives values of the
rate constants for spontaneous cyclization. The spon-
taneous reaction is subject to hydroxide and hydronium
ion catalysis with kog = 10* M~! sec™! and kuy+ =
3.35 X 10-% M—! sec™!. Thus, the spontaneous reac-
tion itself is a relatively facile process. In comparison,
ethyl esters normally require high pH and elevated tem-
peratures for rapid hydrolysis. In the case of ethyl
benzoate, kon is 3.0 X 10-2 M-1sec~! at 25° in H,0.?
Therefore, kox for 1 is approximately 10° greater.

It can be concluded that a neighboring hydroxy-
methyl group is a powerful intramolecular nucleophile
in transesterification reactions even when proton trans-
fer is only partial. The reaction of eq 1 is very likely
closely analogous to the reaction of a-chymotrypsin
with ethyl esters. Belke, et al.,* concluded that im-
idazole-catalyzed cyclization of 2-hydroxymethylbenz-
amide to phthalide is a good model for acylation of a-
chymotrypsin by amide substrates. The present find-
ings with ethyl 2-hydroxymethylbenzoate now make
derivatives of 2-hydroxymethylbenzoic acid reasonable
models for reaction of a-chymotrypsin with both ester
and amide substrates.
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Hyperfine Interactions in Perturbed Nitroxides
Sir:

The stability of aliphatic nitroxides, the simplicity of
their epr spectra, and, in particular, the sensitivity of
their epr spectra to environmental perturbations have
made them objects of considerable interest and wide
application.! In this work we have measured the spin-
Hamiltonian parameters for di-zers-butyl nitroxide
(DTBN) and  2,2,6,6-tetramethylpiperidine-N-oxyl
(TMPN) perturbed by molecular complex formation,
by H bonding, and by solvent effects in aprotic solvents.
These perturbations cause a rearrangement of the -
electron charge and spin density, increasing spin density
in the 2pm orbital of nitrogen (px™) and altering the

(1) For some recent reviews, see: (a) E. G. Rozantsev, “‘Free
Nitroxyl Radicals,’”” Plenum Press, New York, N. Y., 1970; (b) P. Jost
and O. H. Griffith, Methods Pharmacol., 2, 223 (1972).
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spin-Hamiltonian parameters.? From these measure-
ments we obtain the Karplus-Fraenkel parameters,?
O~ and QoxY, which relate the nitroxide *N isotropic
splitting constant to px™ and po™, respectively (eq 1).

ax = Oxpn™ + QoxNpo™ e8]

We have also prepared a new series of free-radical
molecular complexes,? between DTBN or TMPN and
the Lewis acids MCl, (M = Si, Ge, Sn, or Ti) and Ti-
(OPh)..¢ Although TMPN is oxidized by SnCl, at
rocm temperature,® complexation is observed at low
temperature.

In fluid solutions, isotropic splitting constants are
observed for !*N, as well as for nitroxide !3C and for
1158n-117Sn in the SnCl, complex.* In frozen nitroxide
solutions the epr spectra are dominated by the aniso-
tropic *N hyperfine splitting. These powder spectra
were interpreted on the basis of the spin Hamiltonian®

= BSgH + ANSzIz -+ BN(S:Iz -+ SVIU) (2)

using appropriate spectral features in conjunction with
computer simulations.* Ay gives rise to well-resolved
splittings and is obtained with good accuracy, but the
splittings due to Bx are not resolved. We are inter-
ested in T, the anisotropic (dipolar) hyperfine splitting
(hfs) constant; since Ay = an + Tx and By = ax —
Tx/2,” Tx was obtained from values of ax and Ax mea-
sured from fluid and frozen solutions, respectively.
This procedure was verified by simulating the powder
spectra with the measured 4x and a calculated value of
Bx

Figure 1 gives a plot of Tx vs. ax for DTBN and
TMPN perturbed by a variety of interactions. In-
cluded are the results for the newly prepared free-radical
molecular complexes.* With the exclusion of pro-
tonated DTBN (G and H), there is a linear relationship
between Tx and ax. This linear variation includes
perturbation by “simple’” solvent effects involving non-
hydrogen-bonding solvents, points a-c, perturbation by
hydrogen-bond formation, points 1-7, and also by
actual molecular complex formation, points A-~F.
These results are similar to previous observations that
variations of hfs constants are linearly related for a
radical whose spin density distribution is perturbed by
intermolecular interactions without structural changes
in the radical. 1

A linear least-squares fit of data for both radicals
gives the straight line in Figure 1

ax(G) = (0.61 = 0.02)Tx + (3.6 = 0.4)  (3)

where the errors given are the probable errors in the
slope and intercept. Because we include results from

(2) T. B. Eames and B. M. Hoffman, J, Amer. Chem. Soc., 93, 3141
(1971).

(3) M. Karplus and G. K. Fraenkel, J. Chem, Phys., 35, 1312 (1961).

(4) A. H. Cohen and B. M. Hoffman, manuscript in preparation.

(5) Y. Takaya, G. Matsubayashi, and T, Tanaka, Inorg. Chim. Acta,
6, 339 (1972).

(6) L. J. Libertini and D. H. Griffith, J. Chem. Phys., §5, 1359
(1970).

(7) These equations do not include the dipolar interaction between
spin density on oxygen and the 14N nucleus. This quantity, which can
be calculated from the equations of McConnell and Strathdee? as modi-
fied by Barfield® using a self-consistently calculated value of po™, is
small (0.66p0™ G) for our perturbed nitroxides and is included in the
data in Figure 1.

(8) H. M. McConnell and J. Strathdee, Mol. Phys., 2, 129 (1959).

(9) M. Barfield, J. Chem. Phys., 53, 3836 (1970).

(10) A. H. Reddoch, ibid., 43, 225 (1965).
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Figure 1. Plot of ax vs. Tx for perturbed DTBN (@) and TMPN
(O) in the aprotic solvents (a) n-hexane, (b) toluene, and (c) nitro-
methane; in the hydrogen-bonding solvents (1) decyl alcohol, (2)
methanol, (3) phenol, (4) 4-fluorophenol, (5) 3-fluorophenol, (6)
1,1,1,3,3,3-hexafluoro-2-propanol, and (7) pentafluorophenol; com-
plexed with (A) Ti(OPh),, (B) GeCl,, (C) SiCl,, (D) SnCl,, (E)
TiCly, and (F) AICl, (G. Lozos and T. B. Eames, unpublished);
protonated by (G) H,O- TiCls and (H) H.O - TiBr,.

the molecular complexes, this relationship covers a
much wider range of splitting constants than is ordi-
narily accessible. We note that the results for a series
of nitroxides oriented in host single crystals!! are in
agreement with eq 3. The values for the protonated
DTBN clearly lie off the line in Figure 1. A plausible
explanation for deviations at large ax is that the per-
turbation of the nitroxide no longer merely causes a
redistribution of charge and spin density but also causes
a change in the geometry and, therefore, hybridization
of the nitrogen atom.

Equation 1 can be cast in the form of eq 3 and our
results used to derive the Karplus—-Fraenkel param-
eters for the nitroxide N-O m-electron system. Ob-
taining px™ from Tx (ox™ = Tn/Tx®), where Tx° is the
anisotropic (dipolar) *N hfs constant for a single elec-
tron in a nitrogen 2pw orbital, and using the spin density
normalization (px™ + po™ =< 1), eq | becomes

_ N
Ay = (@2 = Qox)p 4 g @
Tx®

Equating eq 3 and 4, we find Qox™ = 3.6 = 0.4 G, in-
dependent of Tw° Qn is evaluated by using Tx® =
33.5 G, calculated from an unrestricted Hartree-Fock
nitrogen 2p orbital:'%21* Oy = 242 = 1.1. The
values reported here, based on more extensive results
and corrected for the oxygen dipolar interaction,” are
to be preferred over our preliminary estimates reported
in ref 2.

The value of Qx, for a trigonal nitrogen bonded to
oxygen and to two aliphatic carbons, depends on a cal-

(11) P.C. Jost, L. J. Libertini, V. Herbert, and O. H. Griffith, /. Mol.
Biol., 59, 77 (1971), and references therein.

(12) B. A. Goodman and J. B, Raynor, Advan. Inorg. Chem. Radio-
chem., 13, 135 (1970).

(13) Using this value for Tx° we find px™ for DTBN or TMPN in non-
polar solvents to be about 0.5, whereas previous estimates have ranged
from 0.8-0.9 down to 0.3-0.4.14

(14) E. G. Rozantsev and V. D, Sholle, Russ. Chem. Rev., 40, 233
(1971).

culated value for Tx° The value of Qox™ for trigonal
nitrogen bonded to oxygen is obtained without assump-
tions about the magnitudes of ¢-m parameters and
without using valence-theory calculations of m-electron
wave functions. Only once previously has a similar
parameter been obtained without recourse to calcula-
tions: QonN = 2.62 for protonated diazines.'* Both
QOox™ and Qox™ are positive, contrary to simple con-
siderations of spin polarization which take into account
only L-shell orbitals on N and O.

We note that Qox~ is of appreciable magnitude, al-
though some earlier studies suggested that it could be
neglected.’®! It is conceivable that Qon™ is also
significant for nitro and nitroso aromatic anions, and
that the value of QonY is transferable.
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Synthetic Studies by the Use of Carbonates. IV.!
A New Method for the Synthesis of Glycosyl
Compounds by the Use of 1-O-Aryloxycarbonyl
Sugar Derivatives

Sir:

Acyclic alkyl aryl carbonates have been shown to
undergo pyrolysis at high temperatures above 200° to
give the corresponding alkyl aryl ether.? These facts
were considered to suggest that the replacement of the
alkoxy moiety of the alkyl aryl carbonates with a hemi-
acetal moiety such as the glycosyloxy substituents might
bring about a considerable enhancement of their reactiv-
ity. The expectation was substantiated by the fact that
the pyrolysis of 2,3,4,6-tetra-O-acetyl-1-O-phenoxy-
carbonyl-g3-D-glucopyranose (1)%* at 170° followed by
chromatography on a column of silica gel afforded
phenyl 2,3,4,6-tetra-O-acetyl-3-D-glucopyranoside (2)°
in 46 %7, diphenyl carbonate (3) in 11 %, and bis(2,3,4,6-
tetra-O-acetyl-8-D-glucopyranose) 1,1’-carbonate (4)

(1) T. Yoshino, S. Inaba, and Y. Ishido, Bull. Chem. Soc. Jap., 46,
in press.

(2) (a) A. Einhorn and L. Rothlauf, Justus Liebigs Ann. Chem., 382,
237(1911); (b) K. Tsou, J. Amer. Chem. Soc., 76, 6108 (1954), ete.

(3) 1 was prepared from 2,3,4,6-tetra-O-acetyl-p-glucopyranose
(P. Z. Allen in “Method in Carbohydrate Chemistry,” Vol. 1, R. L.
Whistler, Ed., Academic Press, New York, N. Y., 1962, p 372) by
treating with phenyl chloroformate in pyridine, mp 114-115°, [a]*’D
—11° (¢ 1.0, CHCIl3), and the analytical data were consistent with the
expected structure.

(4) 1 was found to be pyrolyzed even at 160° in contrast with the
usual alkyl aryl carbonates.

(5) Mp 126-126.5° [a)??D —20° (¢ 1.0, CHCls) [B. Helferich und
E. Schmitz-Hillebrecht, Ber., 66, 378 (1933); mp 124-125°, [alD —22°
(CHCly)).

Journal of the American Chemical Society | 95:6 | March 21, 1973



