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than by the usual carbonium ion structure

[ccrn—__>] ¢

+2H*

The rapid formation of the ether suggests that the
latter formulation is of considerable importance.

Experimental

The spectra were run on a Beckman model DU spectro-
photometer; l-cm. thick quartz cells were used.

Crystal Violet Preparation.—The carbinol was prepared
by dissolving the chloride salt of crystal violet (a product
of the National Aniline Division, Allied Chemical and Dye)
in water and precipitating the carbinol by addition of solid
sodium hydroxide pellets. After filtration, the solid car-
binol was blue in color. Attempts to purify the product
by recrystallization from ligroin and benzene were futile.
The method of purification was that followed by Heertjes,
et al.,® who also reported that simple recrystallization from
organic solvents failed. The carbinol was dissolved in ace-
tone and precipitated by the slow addition of an aqueous
sodium hydroxide solution. The carbinol, collected by
filtration, was much less colored than originally. Repeti-
tion of this process several times yielded a white solid. In
order to remove traces of sodium hydroxide from the car-
binol, it was dissolved in a small volume of anhydrous ether,
and the solution filtered. The carbinol, after evaporation
of the ether, was stored under vacuum since exposure to air
causes the compound to turn blue slowly. The compound
melted at 200° dec.; a melting point of 205° has been re-
ported.®

Anal. Caled. for CyH3ONs:
Found: C, 77.02; H, 8.11.

Methyl Ether Preparation.—A 3-g. sample of crystal vio-
let was dissolved in 10 ml. of concd. sulfuric acid, giving an
intense orange-brown solution. This solution was added
dropwise to 50 ml. of absolute methanol which was cooled in a

C, 77.08; H, 8.02.

(6) P. M. Heertjes, J. C. Van Kerkhof and K. A. De Vries, Rec.
tray. chim., 62, 737 (1943).
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Fig. 1.—Absorption spectra of triphenylcarbonium ions in
H,S04: —, tri-p-dimethylaminophenylcarbinol; . ..., tri-
p-nitrophenylearbinoll; - - - -, triphenylcarbinol.! Crystal
violet solution was 2.5 X 107% 3/, Spectrum for methyl
ether of crystal violet was identical with that for crystal
violet.

Dry lce-acetone-bath during the addition. The resulting
solution was immediately added to 200-300 ml. of an ice-
water mixture and sufficient sodium hydroxide solution
added to make the solution basic. The methyl ether was
extracted from this solution with two 100-ml. portions of
ether. Evaporation of this solution yielded a blue solid
which was purified in the same manner as that described
for the carbinol. The vield of crude material was ap-
proximatelv 509;. The purified ether melted with decom-
position at 145-150°.

Anal. Caled. for CyHgzpON;:
Found: C, 77.16; H, 8.19.
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C, 77.38; H, 8.24.
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TRACER STUDY OF THE OXYGEN IN PRECIPITATED
HgO AND Ag,0; O® ISOTOPE EFFECT IN THE RE-
ACTION OF OH~- WITH Hg** AND Ag*

Sir:

O experiments have been used to investigate
the source of the oxygen in HgO and Ag.O pre-
cipitated by OH~. Further, an O¥/08 effect
was found in the reactions of Hg** and Ag™ with
OH=—; O concentrates preferentially in the pre-
cipitated oxide.

Tracer experiments were as follows. One ml.
of a solution of M NaOH, enriched in O® (1.4
atom 9) was added to 100 ml. of ca. M Hg(NOs),
in normal water (0.20 atom 9, O); the precipi-
tated HgO was washed, dried and pyrolyzed.
The O%/0' ratio of the liberated oxygen was 19,
lower than the ratio for normal water. Thus the
oxygen in the HgO is derived exclusively from the
original aquo-cation, which apparently exchanges
only slowly with solvent water. Proton transfer
from hydrate water to OH~ is a satisfactory
explanation. However, in similar experiments with

AgNO; (1-9 M), the Ag:O was found to be sub-
stantially enriched in O, ranging from 0.67 atom
9% (no stirring, high [Ag*]) to 0.26 atom 9, (vigorous
stirring, low [Ag+]).! A reason for the difference
between Hg++ and Ag* may be the tighter binding
of the covrdinated water around the more polarizing
Hg++.?

The O¥/0% isotope effect was studied with
normal O abundance materials. Oxygen from
the pyrolysis of the oxides was compared mass
spectrometrically with reference oxygen which
differed by +2.3% in O¥/0% ratio from distilled

water. Fractionation factors with respect to
water were computed: a = (O¥/0) e/
(Ole/Om) watet

When a solution of Hg*+ was added to a solution
containing excess OH~, o was 1.018. For the

(1) Auxiliary experiments showed negligible exchange between water
and HgO or Ag201in 1 hr,

(2) H. Taube, e al. {discussed in J. Phys, Chem., 58, 528 (1854))
studied exchange between hydrated cations and solvent water and
found differences in lability for various (other) cations,
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reverse procedure (OH™ into Hg™ "), « was the
same. When Ag™ was added to excess OH™, «
was 1.016. For the reverse addition, a was signi-
ficantly smaller; all values were less than 1.013.
Thus, for a given sample to Ag:0, it appears possible
to deduce the order in which the reactants were
originally mixed by measurement of the O13/0
ratio.

These results are suggestive of a kinetic isotope
effect. For the Hg** aquo-ion, the preferential
rupture of O¥-H relative to O®¥-H would concen-
tate O in the HgO. For Ag™, the situation is
more complex. An alternative mechanism for the
fractionation involves the equilibrium isotopic
exchange between OH™ and H.O, favoring the
concentration of O®in the OH .3

Further work is in progress to extend the data
and examine other cations. We appreciate the
discussions with R. W. Parry, the assistance of
W. E. Barrett with the mass spectrometer, and the
financial support of the A E.C. and the MNichigan
Memorial-Phoenix Project.

(3) The ionic hydration fractionation effect of Feder and Taube
(J. Chem. Phys., 20, 1335 (1952)) wherein O concentrates in the
aquo-ion relative to the solvent water would probably be of negligible

importance since most of the experiments were carried out at low
concentrations.

DEPARTMENT OF CHEMISTRY
UNIVERSITY OF MICHIGAN
ANN ARBOR, MICHIGAN

REecCEIVED JUNE 14, 1953

RicHARD B. BERNSTEIN
Harry G. PaRrs

ON THE STEREOCHEMISTRY AND MECHANISM
OF THE DIELS-ALDER REACTION!
Sir:

We wish to report the first conclusive evidernce
that isomerization of a bicyclic Diels-Alder adduct
of endo-stereochemistry to the axo-isomer can occur
without dissociation into kinetically free addends.?
When the endo cyclopentadiene—maleic anhydride
adduct (N), radioactively labeled with C!* in the
carbonyl carbons, was heated with an equimolar
quantity of mnon-radioactive maleic anhydride
(MA) in boiling decalin (190°), rapid exchange of N
with MA occurred simultaneously with slower
conversion of N to the exo-isomer (X). {Exchange
of X with MA was small at short reaction times.)

N X

The variation of endo-activity with time was
determined by re-isolating N from quenched re-
action mixtures. Since isolation of X directly
from reaction mixtures at small concentrations of
X was not feasible, the activity and conecentration

(1) Sponsored by the Office of Ordnance Research, U. 8. Army.

(2) For previous discussion of the mechanism of such isomerizations
see (a) R. B. Woodward and H. Baer, THIS JOURNAL, 66, 615 (1944);
(h) K. Alder and W. Trimborn, Anxn., 566, 58 (1950); {(c) D. Craig,
THIS JOURNAL, 73, 4889 (1951); (d) D. Craig, J. J. Shipman, J. Kiehl,
F. Widmer, R. Fowler and A. Hawthorne, ibid., T6, 4573 (1954);
(e) J. A. Berson and R. Swidler, tbid., 75, 1721 (1953).
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of X were determined by an isotope dilution
technique.

The activities theoretically to be expected of X
arising exclusively by an “‘internal” path from N
(path A) and by an “external’’ path (path B)
were calculated by a graphical integration method.
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The data for activity of N vs. time and for moles
of X formed ws. time were plotted. A reaction
period of ¢t minutes was subdivided into arbitrarily
small time increments. If X, is the number of
moles of X formed during time increment 1, X,
during time increment 2, etc., and X during time
t, ap the original activity of N, a; the average
activity of N during time increment 1, etc., then
the activity of X to be expected by the “‘internal”
path (A.) is Olley/Xt + a?XQ/"’Xt + . CYiXi//Xt.
Since the only source of activity in the system is
N,? the activity of MA at any time i8 oy — g;
where «; is the average activity of N during any
given time increment. The activity of X to be
expected by the ‘‘external”’ path (B) is therefore
(g — a) X1/ Xy + (a0 — a)Xo/Xe + -+ - (a0 —
;1 X/ X Application of these calculations to the
data show that after three minutes and ten minutes
3140 and 45.49 respectively of the X present
has been formed by path A.*

Although epimerization of N to X wia enolic
species formallv satisfies the requirement that part
of the isomerization occur by path A, we consider
this an unlikely mechanism, since the isomerization
does not appear to be catalyzed by bases and does
not occur with the dihydro derivative of N.%¢
The results also do not formally exclude a mech-
anism involving intermediate formation of a di-
radical followed by hydrogen transfer, as proposed
by Craig, or a diffusion-controlled secondary
recombination of original partners.® However, we
consider the most probable detailed description
of path A to be conversion of N to a complex in
which MA and cyclopentadiene are relatively free
to rotate with respect to each other, followed by
recombination of the fragments in either stereo-
chemically possible sense. On the basis of the
present evidence, this is indistinguishable from
primary recombination in a Franck-Rabinowitch
solvent cage.

We are indebted to the Office of Ordnance Re-
search for financial support and to Professors A. W.
Adamson and 8. W. Benson for helpful discussion.
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(3) This is true if the exchange of X with MA is neglected. The
correction for this is small, Its omission leads to a slightly more
conservative estimate of the importance of the ‘internal” path (A).

(4) The ratio of the amounts of X formed by the two paths is (keIN —
2sX)/ (keM-CsHy — k£3X). This need not be time invariant if ks =
ks or if CsHs is being irreversibly removed from the system, e.g., by
polymerization,

(3) Cf.inter alia, R. M. Noyes, J. Chem. Phys., 22, 1349 (1954).



