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* Numbers refer to the relative specific activities of reactants and products.

from the mixture by paper chromatography, oxi-
dized to the diketone using the Jones method® and
equilibrated with base to give V. Compound V
was oxidized both with DDQ to give compound VA
(689, retention of tritium) and with B. sphaericus
to give compound VB (759, retention of tritium).
The remaining tritium was shown to be at C-1 by
oxidizing another sample of compound V to
androsta-1,4,6-triene-3,17-dione using chloranil!®
and then DDQ.* When this compound was treated
with acid it rearranged to 1-methylestrone acetate
which was inactive (specific activity<0.01%).
In this reaction, the methyl group originally at
C-10 displaces the remaining hydrogen at C-1
(dienone-phenol rearrangement!).

Because the oxidation with B. sphaericus is es-
sentially specific for the elimination of the le-hy-
drogen, this reaction shows that the previous reduc-
tion of androst-1-ene-3,17-dione with tritium to the
saturated compound gives 939, la-tritium and 79,
beta and the reduction of the Al compound gives
25% la-tritium and 759, beta. That androsta-
1,4-diene-3,17-dione is. reduced preferentially from
the beta side probably is due to the planarity of
ring A resulting from the dieneone structure. A
consideration of Dreiding models shows that the
planar ring A is tilted downward away from the
beta angular methyl group at C-10 and toward
the alpha axial hydrogen at C-9. Thus approach
of catalyst may be hindered more by the C-9
hydrogen on the alpha face than by the methyl
group on the beta face.

Reductions of Al4 compounds further substituted
on the beta face, e.g., Al-cortisol in which there is a
hydroxyl group at C-11 indicates that here the
alpha face may be attacked preferentially.’® Thus

(9) A. Bowers, T, G. Halsall, E, R, I, Jones and A. J. Lemin, J.
Chem. Soc., 2554 (1953).

(10) E. J. Agnello and G. D. Laubach, J. Am. Chem. Soc., 82, 4293
(1960).

(11) Ref. 1, p. 328.

(12) Inspection of a Dreiding model shows severe non-bonded inter-
action between the 118-hydroxzyl and the 108-methy! group which
may force the latter to bend closer over ring A, thereby preventing re-
duction of the C-1,2 double bond from the beta face.

for the reduction of AL4 compounds it is difficult,
a priori, to predict on which side of the molecule
reduction will occur to the greater extent. Ac-
cessibility to either face can be changed by slightly
modifying the molecule. A study of the effect
of various groupings on the steric course of the
reduction is being carried out.
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SIGNS OF PROTON COUPLING CONSTANTS
Sir:

The recent findings! of opposite relative signs of
Jvie—un and Jem—gmn in typical ethane derivatives
are in disagreement with the theoretical predic-
tions? that both constants should be positive.
Since the experimental and calculated coupling
constants are in numerical agreement, it is not
immediately obvious where the error lies.

The calculations, particularly of J,.,, involve
small differences between large terms, and therefore
may not be reliable. On the other hand, calcula-
tions?® of magnitudes and signs of the larger coupling
constants of directly bonded nuclei (e.g., C!3-H)
should be more secure. It was therefore of interest
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(2) M. Karplus and D, H, Anderson, ibid., 80, 6 (1959); H. S.
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Fig. 1.—Top: spectra of the C1¥satellite of the methylene
protons (60 Mc./sec.) of CH.DOH under conditions of rapid
exchange of the hydroxyl protons and with double-irradiation
at about 15.1 Mc./sec. The frequency of the second radio-
frequency field relative to the resonance frequency of the
center C13 resonance is shown under each spectrum. The
arrows correspond to the center of the satellite in the unper-
turbed spectrum. Bottom: diagrammatic representation
of the center triplet of the C!3 spectrum of CH.DOH at
canstant field.

to determine the relative signs of Jerg and Jem—un
{or Jye—um). This,* in effect, would allow an as-
signment of absolute signs to the experimentally
determined Jy., Jem and other proton-proton
coupling constants.

By using a meodified spin-decoupling technique,
we have now found that Jeum and J,p—up (and
hence Jyen—um) are of opposite signs in CH,DOH.
If the proton spectrum is to be observed, the double-
irradiation method® for the determination of rela-
tive signs would involve, in the present case (or in
simpler systems, e.g., RRC!* DH), “decoupling”
the C* for a particular deuterium spin state. This
is not possible, because of the relative magnitudes of
the coupling constants (e.g., Jei_1,140.6; Jeu_p,
22.5; Jup, 1.7 cps. for CH,DOH). However, the
desired result can be achieved if the C!? is merely
perturbed for a particular deuterium spin state, but
not for others. This can be done by irradiating the
C! with a relatively weak magnetic field H’’
(yesH" /271 << Jeu-p) ata frequency correspond-
ing to a single C!3 transition. The effect on the pro-
ton spectrum then can be calculated from the double-
irradiation theory of Bloom and Shoolery.¢

If the proton spectrum is observed by a frequency-
sweep method, the affected lines (e.g., the C!3 satel-
lites of CHCl;) are symmetrically split by about
ycuH''/2m, when the frequency of the C!® decou-
pling field is equal to either of the two C!8 transitions.
Alternatively, if the proton spectrum is observed
by a field-sweep method, and the frequency of the
C1 field is equal to either of the two C!? transitions
when the magnetic field corresponds to the proton
resonance of one of the C!? satellites, then that C13
satellite will be split” into a doublet. The other
C'3 satellite will not be affected if yoiu /27 <<
»Tcxs_ H ’yC;a/’yH.

(4) Dr. Martin Karplus (private communication) has reached similar
conclusions and has suggested experiments making use of the normals
double.irradiation method for relative sign determination.

(3) D. F. Evans and J. P. Maher, Proc. Chem. Soc., 208 (1961).

(6) A. L. Bloom and J. Shoolery, Pkys. Rev., 97, 1261 (1955). See
also R. Freeman and D. H. Whiffen, Proc. Phys. Soc., 79, 794 (1962);

J. D. Baldeschwieler, J. Chem. Phys., 86, 152 (1962).
(7) This has been confirmed experimentally.
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In the double-irradiation experiments on CHo,-
DOH the C!3 perturbing field was such that ycu-
H"” /27 = 3-4 cps., and the high-field C!? satellite
of the methylene protons was observed by the usual
field-sweep method with the magnetic field increas-
ing from left to right. The extent of the field-
sweep (about 4 cps.) in observing the spectrum cor-
responds to a shift of the C!? resonance of only 1
cps., and thus does not lead to complications. Be-
cause the frequency of the perturbing field is con-
stant to only £ 1 cps. in the present experiments,
the lines of the doublet are broadened and have
much less than their correct heights. It is, how-
ever, very easy to see which line of the original tri-
plet is being perturbed (i.e., split into a doublet),
as this line disappears from the spectrum. The
nine frequencies of the C!?® resonance were located
by such experiments and showed the correct spac-
ings. Figure 1 shows the effect when the frequency
of the decoupling field is in the neighborhood of the
center triplet of the C!® resonance. The three lines
of the proton spectrum, and likewise of the C1®
spectrum, arise from the three possible (41, 0,
—1) deuterium spin states. When the frequency
corresponds to the low-, middle- or high-frequency
lines of the C!* triplet, it is the low-, middle-,
or high-field lines, respectively, of the proton spec-
trum which are perturbed. Frequencies which are
different from these by more than 10 cps. are with-
out appreciable effect. Since a low-field line in a
sweep-field spectrum corresponds to a high-fre-
quency line in a frequency-sweep spectrum, and
vice versa, the coupling constants Jeun_mand Jeem—up
are of opposite signs. Since the magnetic moments
of H and D have the same signs, Jew—n and Jeem—unu
are also of opposite signs. If the positive sign of
Jeu_g is accepted, then J,.,—um is negative in
methanol, and probably in general, provided the
carbon atom concerned is sp® hybridized. Thus, the
calculated sign of the geminal coupling constant is
in disagreement with experiment.

The spectra were taken on a Varian V-4302 spec-
trometer equipped with a ‘‘spin-decoupler” made
by NMR Specialties. I wish to thank Dr. L. Leitch
for a sample of deuteriated methanol.
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THE DIRECT MEASUREMENT OF THE RATE OF A
HAPTEN-ANTIBODY REACTION
Sir:

We wish to report the direct measurement of
the rate of the bimmolecular reaction of a hapten
(Hp) and its specific antibody (Ab). Such re-
actions generally are so rapid that in an earlier
attempt to measure the rate by a spectrophoto-
metric stopped-flow method, we found that half
or more of the reaction was completed by the
time measurements could be started.! Recourse
recently has been had to equilibrium perturbation
methods of measurement,? and while such methods

(1) J. M. Sturtevant, T.. Wofsy and S. J. Singer, Science, 134, 1434
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