Anal. Caled for C,HsCINO: C, 59.51; Found:
C,59.72; H, 4.20.

cis-2-Methoxy-3-chloro-3-phenyl-4-methyl-1-azetine (12). A mix-
ture of 0.110 g (0.51 mmol) of 9a and 0.050 g (0.95 mmol) of sodium
methoxide in 7 ml of methanol was stirred at 25°. After 22 hr, tlc
showed no more starting material. The mixture was evaporated to
1 ml of liquid and placed on a silica gel preparative tlc plate. Elu-
tion with 10:85:5 chloroform-Skellysolve B~ethanol gave a band
at Ry 0.60 which yielded 30 mg (28 %) of 12 as a light yellow oil:
ir (neat) 1633 cm! (C==N); nmr (CClL,) r 2.7 (s, 5, aromatic),
5.99 (s, OCHj,), 6.02(q, J = 6.7 Hz, CH, total area of 5.99 and 6.02
peaks is 4), and 9.12(d, 3, J = 6.7 Hz, CH;); mass spectrum m/e
(rel intensity) 209, 211 (78, 46, M*), 208, 210 (41, 29, M* — 1),
194, 196 (64, 22, M+ — Me), 174 (100, M+ — CI), and 159 (43,
M+ — Me — CI).

Anal. Caled for CyH.CINO: C, 63.01; H, 5.77; Cl, 16.91.
Found: C,63.05; H,5.93; Cl, 16.84.

N-(Benzylidene)-a,3-dichloro-a-styrylamine (13). A solution of
2.0 g (6.4 mmol) of 6¢c was stirred in 40 ml of DMSO under a N,
atmosphere while 0.84 g (7.5 mmol) of potassium rers-butoxide in
25 ml of DMSO was added dropwise. Addition took 45 min and
stirring was continued for 6 hr. The resulting mixture was poured
into 100 m} of salt solution and extracted with 120 ml of chloroform
in two portions. The combined organic layers were dried over Mg-
S0,, decolorized with charcoal, and filtered, and the solvent removed
in vacuo. The resulting yellow solid was placed on a column of
30 g of silica gel and eluted with 1097 chloroform-petroleum ether.
A light yellow band separated and was collected. Removal of
solvent gave 13 as a yellow oil which crystallized at —20° and was

H, 4.41.
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very hygroscopic: ir (neat) 1605 cm~! (C=N); nmr (CCl)) =
2.2-2.9(m, aromatic) and 1.62 (s, CH).

Anal. Caled for CisHiCLN: C, 65.23; H, 4.02; N, 5.07;
Cl,25.68. Found: C,65.00; H,4.22; N,5.21; Cl,25.41.

Hydrolysis of 13. Using the same procedure as in the hydrolysis
of 6a to 11a, 13 was hydrolyzed in 20 hr to a 1:1 ratio of benzalde-
hyde and a-chlorophenylacetonitrile. The yield of the mixture was
20% with 509 of 13 remaining unchanged. Hydrolysis for 45 hr
at 25° gave a 527 yield of benzaldehyde but only a 1097 yield of the
nitrile. These components were separated on preparative silica gel
plates. Elution with 609 chloroform-petroleum ether gave the
benzaldehyde at R; 0.45, and the nitrile at R; 0.55. Benzaldehyde
was identified by comparing the ir with an authentic sample as
well as vpc comparison using a 3% XE-60 column at 75°. In
addition, the mass spectrum showed a parent peak at m/e of 106.
a-Chlorophenylacetonitrile was identified by its mass spectrum,
m/e (rel intensity) 151, 153 (19, 6.5, M%), 116 (100, M+ — Cb), 89
(19, M — Cl — HCN); a metastable peak at m/e 68 indicates that
the mj/e 89 peak is derived from the 116 peak by loss of 27 (HCN).
In addition the nmr spectrum (CCl,) shows = 2.53 (m, 5, aromatic)
and 4.5(s, 1, CH).
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Abstract:

The retardation of the Fe3* catalyzed decomposition of H.O; in HCIO. solution by a number of organic

substrates has been examined. Results with acetone, acetic acid, and rerr-butyl alcohol are consistent with the
redox chain mechanism of Barb, Baxendale, George, and Hargrave on the assumption that the substrates trap

hydroxyl radicals which otherwise react with H,O..

Data show the predicted form and yield ratios of rate con-
stants in fair agreement with those derived from radiation chemistry and Fe2*-H,0. experiments.

The treat-

ment also predicts the observed dependence on [H*], effect of Cu®*, and primary isotope effect with CD;COCD,
and indicates kinetic chains of 30, much shorter than those estimated by Barb, et al.

Athough the ferric ion catalyzed decomposition of
hydrogen peroxide in acid solution has long been
of interest and has received extensive study, two com-
pletely conflicting interpretations exist for its mecha-
nism. The older scheme, elaborated by Barb, Baxen-
dale, George, and Hargrave,? involves a redox radical
chain
k
Fe** 4 H,0; —> Fer* + HOy + H* o)
k2
Fe** 4+ H,0, —> Fe’* + HO~ + HO-

(2

(1) Support of this work by a grant from the National Science
Foundation and of one of us (A. G.) by the South African Council for
Scientific and Industrial Research is gratefully acknowledged.

(2) Visiting Professor on leave from the University of Port Elizabeth,
Republic of South Africa.

(3) W. G. Barb, J. H. Baxendale, P. George, and K. R. Hargrave,
Trans. Faraday Soc., 47, 591 (1951).

k
HO- + H,0; —> H:0 + HO,-

(3)
k
HOp + Fet* —> H* + Fe* + O, )
ks
HO;. + Fe?* —» HO,~ 4 Fe3* (5)

leading to an overall rate expression at high H,O,/Fe?t
ratios.

—d[H:0.)/dt = 2(kikoks/ks)/{H;O,)[Fe ] (6)

More recently, Kremer and Stein* have proposed an
alternative path not involving HO- or Fe?, but a
series of intermediate complexes.

H;0: 4+ Fe* === H* 4+ FeOOH?* —>

H.0:
HO~ + FeO3* —> O, + H.O + Fe3* (7)

(4) M. L. Kremer and G. Stein, ibid., 55, 595 (1959); M. L. Kremer,
ibid., 58, 702 (1962); 59, 2535 (1963).

Walling, Goosen | Fe’t-Catalyzed Decomposition of H,O.
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Figure 1. Effect of acetone on the Fe3*-catalyzed decomposition
of H;O0:: (®) H;0: consumption; (©) O. evolution; [H*], 1.92
X 1072 M, [Fe?**], 3.92 X 107¢ M, [H;0], 3.92 X 1071 M, tem-
perature 30°,

Although both schemes predict second-order kinetics
at high H,O,/Fe3+ ratios® and an inverse dependence on
[H*],® a recent review’ favors the Kremer and Stein
formulation,

Addition of organic substrates alters the rate of the
decomposition, and Kremer® has interpreted its re-
tardation by acetone as support for (7). How-
ever, our recent work®*!? on Fe**-H,0O,-organic
substrate systems has suggested to us that organic
substrates should act as HO - radical traps in the Barb
scheme, and alter the kinetics in a predictable manner.

Specifically, they introduce the step

ki
HO- 4+ RH —» H,0 + R- (8)

which (in light of the rates of O, evolution discussed
below) we propose is followed in O, saturated solutions
by

Fez*

R: 4+ O; —> RO;» —> ROOH + Fe?* &)

H+

If the reaction is strongly retarded, (8) replaces (9)
as the termination step, leading, with the usual steady-
state assumptions for transient intermediates, to the
rate expressions

—d[HzOz]/dt = 2k1[H202][F83+] X
(1 + (ks/ke)[H:O,)/[RH]) (10)
d[O.)ds = (kiks/ke)[H, O] Fe™][RH]  (11)

(5) Deviations from second-order kinetics at low HQOo/Fed* ratios
are at least partially accounted for by both schemes; in the chain
process by incursion of the step HO: -+ Fe?* — HO~ + Fe®t,

(6) In the chain process k1 and k4 are complex, and presumably
involve prior equilibria, e.g.

Fe** + H.0, > H* 4+ FeOOH?* —> Fe?* + HO,:
3+

F
HO,: < H* 4+ 0,-~ —e> 0. + Fe?*

and rates of both should be proportional to 1/[H*].

(7) S. B. Brown, P. Jones, and A. Suggett, Progr. Inorg. Chem., 13,
159 (1970).

(8) J. M, Flicstein and M. L. Kremer, J. Catal., 8, 145 (1967).

(9) C. Walling and S. Kato, J. Amer. Chem. Soc., 93, 4275 (1971).

(10) G. M. El-Taliawi, Ph.D. Dissertation, Columbia University,
1972.

(11) C. Walling and G. M. El-Taliawi, J. 4mer. Chem. Soc., 95,
844 (1973).

(12) C. Walling and G. M. El-Taliawi, ibid., 95, 848 (1973).
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From (10) and (11) plots of observed second-order rate
constants, kopsa, for HyO, disappearance or O, evolu-
tion vs. [H2O,]/[RH] should be linear with intercepts of
2k, and zero, respectively, and with slopes differing by a
factor of 2. Furthermore, while intercepts in plots of
(10) should be pH dependent, they should be indepen-
dent of RH; i.e., limiting rates at high substrate con-
centration should be independent of the substrate
involved.

In this paper, we show that the predicted behavior is
observed for several organic materials, that the data
yield values for k;/ks consistent with other measure-
ments, and that failure in some other systems is plausibly
accounted for on the basis of expected reactions not
included in the kinetic scheme just given.

Acetone was examined in greatest detail in view of
Kremer’s conclusions® and since we have recently in-
vestigated its reaction with hydroxyl radicals our-
selves. 1911 Typical results in which k.usq’s have been
calculated from initial reaction rates are shown in
Figure 1. Since kgusq for the unretarded reaction under
these conditions is 12 X 10-2l./(mol sec), our assump-
tion of strong retardation should be valid, and we see
that the data yield the predicted linear plots with zero
intercept for O, evolution and a ratio of slopes close to
2 (2.08).

Table I summarizes data for H;O. consumption

Table I. Fe?®*-Catalyzed Decomposition of H.O:
in the Presence of Acetone®
103k,

102[H*] 109[Fe**] 10[H;0:]; M~ !sec! kslks
1.96 3.92 3.92 2.03 0.26b
2.94 3.92 1.88 0.21%

1.96 3.92 2.24 0.24

3.92 3.92 2.15 0.26

3.92 3.92 2.10 0.26

3.92 1.96 1.90 0.34

3.92 0.118 1.60 0.33

36.5 0.472 2.60 0.26

18.3 0.944 1.96 0.28

7.81 1.56 1.85 0.28

0.491 3.92 3.92 5.75 0.23
0.392 3.92 3.92 4.52 0.21
7.16 3.92 3.92 0.575 0.24
1.96 3.65 4.68 11.7 0.20¢
3.65 4.68 0.45 0.174

36.5 4.57 0.134 0.20¢
3.92 3.92 3.26 0.517

3.92 3.92 2.22 0.19¢

¢ Unless indicated, all experiments at 30° with ClO;~ salts in
HCIO., ionic strength adjusted to 0.435 with NaClO,.  All units
in liters, moles, and seconds. °® Nitrate anion, ©39.5°. ¢20.5°.
¢13°, / CDsCOCD; in place of acetone. ¢1.09 X 1074 M
Cu?* added.

taken over a wider variety of conditions. Each value
was taken from a plot similar to Figure 1. All were
satisfactorily linear, and the data show consistent values
of k; and kj/ke for a 100-fold change in initial ratios of
H,O, to iron with other variables held constant (stan-
dard deviations for both k; and k;/ks are 4-5 %7 of mea-
sured values). Experiments at varying acidities show
ki ~ 1/[H*], but k;/ks independent of [H*] as predicted.
Similarly, changes in temperature affect chiefly ki,
the slow step, and have little effect on ks/ks which mea-
sures the ratio of rates of two fast, low-activation energy
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Figure 2. Effect of fert-butyl alcohol on Fe?*-catalyzed decomposi-
tion of HyOs: (@) H;0, consumption; (O) O, evolution. Condi-
tions the same as Figure 1.

processes. From our data over a 27° temperature
range, E; = 30 kcal/mol and 4, = 8.43 X 108 sec!.

Experiments with perdeuterioacetone and added
Cu? also give results consistent with our scheme.
The former show an isotope effect ku/kp =2 2 on k;/ks
and little effect on k;. In the case of added copper, it
should be pointed out? that Cu?*+ alone is only a weak
catalyst for peroxide decomposition, but has a strong
synergistic effect on the Fe®+ catalyzed reaction in the
absence of organic substrate. In the radical chain
formulation this is accounted for? by the replacement of
(4) by a more rapid sequence

Fet*
HO; + Cu* —> H* + 0y + Cu* —> Cut* + Fer* (12)

However, in the rate expression for the retarded re-
action (eq 10), k, no longer appears, so copper should
have no effect. This is precisely what we observe,
although the amount employed increases kousa for the
unretarded reaction severalfold.

Finally, our average value of k3/ks (0.24) may be com-
pared with quite independent measurements derived
from radiation chemistry. Here the agreement is quite
satisfactory, but discussion is deferred to a later section,
where data on several substrates are compared.

We have also examined the products formed in the
retarded reaction, Contrary to Kremer’s inference,?
acetone is oxidized, and we have identified hydroxy-
acetone and acetic acid among the products. The
presumed initial product, hydroperoxyacetone, evi-
dently reacts further, which is not surprising since it
should be more readily attacked by hydroxyl radicals
than acetone itself, and could also undergo both Fe?+
initiated decomposition and an acid-catalyzed cleavage
to acetic acid analogous to the known base-catalyzed
reactions of similar compounds.!?

RCOCH;O0H —» RCOOH + CH.0O (13)

tert-Butyl Alcohol. From our measurements,!! rerz-
butyl alcohol is 5.5 times as redctive as acetone toward
hydroxyl radicals generated from Fe*-H,0, It
should thus be a stronger retarder of H,O, decomposi-

(13) R. van Helden and E. C. Kooyman, Recl. Trav. Chim. Pays-Bas,
80, 57 (1961).
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Figure 3. Effect of acetic acid on the Fe?**-catalyzed decomposition
of H:0,: (®) H:O. consumption; (O) O, evolution. Conditions
the same as Figure 1,

tion at low concentration, but should yield the same
limiting rate as the ratio [H,O,J/[RH] is increased.
Typical results are shown in Figure 2, and averaged
results of two sets of measurements give k; = 1.34 X
10-2and kiks/ke = 9.7 X 105, Again added Cu?t+ had
no effect on the retarded rates. Product studies show
extensive substrate oxidation. Acetone and 2-methyl-
propane-1,2-diol were identified as products, and an
organic peroxide (presumably 1-hydroperoxy-2-methyl-
2-propanol) detected by thin layer chromatography.

Acetic Acid. From our analysis, acetic acid should
be a relatively weak retarder of H,O., decomposition
since its reactivity toward hydroxyl radicals is only
0.275 that of acetone.!' Results, Figure 3, show this
to be the case and give k; = 1.5 X 102 and kiks/ks =
1.8 X 10-3 Product studies indicated almost com-
plete degradation to CO,, since no methanol, formalde-
hyde, formic acid, oxalic acid, or glycolic acid could
be detected among the products.

Other Substrates. Although we find that all organic
substrates which we have investigated retard the Fe3t
catalyzed decomposition of H;O., all do not obey the
simple scheme which we have applied to the cases dis-
cussed so far. Indeed it would be surprising if they
did in view of the great number of possible reactions
we have excluded from our analysis. Methanol (and
other alcohols with available o hydrogens) provides an
example. Here two complications could, a priori,
arise: competition with (9) by the fast oxidation of
a-hydroxy radicals by Fest ®

R.CHOH + Fe** —» R,CO + Fez+ (14

and (for those radicals which do react with O;) re-
generation of H,O, via the facile equilibrium

OH

/
R.C =— R,CO 4+ H;0, (15)

\OOH

Reaction 14, since it introduces an alternative chain
propagation step, should increase k.nsa above its pre-
dicted value, while (15) by regenerating starting ma-
terial should decrease kopa. Some actual methanol
results are shown in Figure 4. The plots are linear and

Walling, Goosen | Fe*t-Catalyzed Decomposition of H;O,
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Figure 4, Effect of methanol on the Fe3*-catalyzed decomposition
of H,O:: (®) H,O, consumption; (O) O, evolution. Conditions
the same as Figure 1.

show approximately the correct intercepts and 2:1
ratio of slopes, but slopes are considerable larger than
calculated,!* methanol is a poorer retarder than ex-
pected, presumably because of the importance of (14),
and isopropyl alcohol gives qualitatively similar results,

Discussion

We have seen that the retardation of H,O,; decompo-
sition by several organic substrates shows a dependence
on H,O./substrate ratios consistent with our kinetic
scheme, and that, in the case of acetone, results vary as
predicted over considerable changes in concentration,
pH, and temperature. A further test of our model is in
the consistency of results obtained with different sub-
strates for which our model is obeyed. Our results are
summarized in Table IT where we see that, in spite of a

Table II. Summary of Rate Constants

ke Fe2t—
Substrate 103k, kifks Lit.e rel Lite H,02
Acetone 2.0 0.27 0.53 (.00 (1.00 (1.0)
tert-Butyl 1.3 0.048 0.096 5.6 5.5 5.5
alcohol

Acetic acid 1.5 0.9 0.38 0.30 0.72

@ Calculated from ref 16, * From ref 9 and 11.

0.275

20-fold change in ks/ks, ki remains substantially
constant as it must for the scheme to be valid.!s
Our values of k;/ks may next be compared with the
extensive, if scattered, values available from radiation
chemistry. Here a recent critical summary has been
prepared by Dorfman and Adams,!® updating and
revising an earlier compilation by Anbar and Netta."

(14) Since, from our data,!! methanol is 12.4 times as reactive as
acetone toward HO-, k;/ke should be 0.022, but Figure 4 gives 0.08.

(15) Our average value of ki, 2 X 107% was used in calculating
kis/ke’s in Table II, since (¢f. Table I) individual values scatter con-
siderably.

(16) L. M. Dorfman and G. E. Adams, Report No. NSRDS-NBS-46,
U. S. Government Printing Office, Washington, D. C,, in press,. We
thank Professor Dorfman for making these data available.

(17) M. Anbar and P. Netta, Int. J. Appl. Radiat. Isotop., 18, 493
(1967).
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Dorfman and Adams give k3(H,O;) = 4.5 X 107;
ke(acetone) = 6.6-12 X 107, av 8.5 X 107; ke(tert-
butyl alcohol) = 4.2-5.2 X 108, av 4.7 X 108; ke(acetic
acid) = 0.9-2.3 X 107, av 1.7 X 107, Ratios of k;/k;
using average values are listed in Table II, and are in
the correct order but differ by as much as a factor of 2.
A somewhat better check is obtained by comparing
relative values of ks, and better still using relative values
of ke derived from our own experiments on Fe?*-H,0,
systems, all of which have been determined relative to
the same process, the Fe>*~HO - reaction

Fe** + HO- —> Fe’t 4+ HO™ (16)

In view of the spread in radiation results, we feel that
the agreements shown in the table are adequate to
support our general model. To accommodate our
results to a “complex” mechanism would require that
all our correlations were simply coincidence, and further
it would be remarkable if a variety of organic substrates
all led to the same extrapolated rates (our k,’s) when the
intermediates became completely “complexed.”!®

If our scheme is accepted, we obtain an average
value of kK, = 2 X 10—? 1./(mol sec) in 0.02 N per-
chloric acid at 30°. However, this value is actually
inversely proportional to [H+], most plausibly because
it involves the sequence

K

H,0; + Fei* === FeOOH?* + H* an
kg

FeOOH?* —> Fe?* + HOp: (18)

The value of X has been reported by Evans, George,
and Uri as 3.65 X 10~% at 20°.1* Ignoring the effect
of a 10° change in temperature on K, kis = 1.1 X 10-2
sec™ L.

Although our results support the scheme of Barb,
et al., for the Fe3-H,0O, reaction, our value of k
indicates that some of their numerical values for rate
constants must be in error. They calculated k./k;
(their k./k;) from measurements on the Fe*-H,O.
system on the basis of small deviations from pseudo-
first-order kinetics at high H,O./Fe2* ratios, obtaining
0.26 in 0.02 M acid.?® From this k, may be calculated
via eq 6 as 4.5 X 1075, We reverse the procedure and
taking kopea = 1.2 X 10~! for the unretarded reaction,
ki =2 X 10~%and k, = 76.5%! obtain, via eq 6, ks/k; =
0.024, As Barb, et al., point out, their values indicate
that the decomposition occurs via very long chains,
with chain lengths of ~10% On the other hand, our
value of k; gives a chain length of 30 (the ratio of rates
for the unretarded and completely retarded reaction),
a result much more consistent with the much shorter
chains reported by Behar and Stein?? for the photo-
induced process. This conclusion provides further
support to our formulation since it removes an in-
consistency which has been used as an argument against
the Barb, e al., scheme.”-22  OQur value of ky/k; is also
in better agreement with values (0.3 at pH 2.7 and 0.11

(18) Flicstein and Kremer's equations® are quite different from ours’:
but their acetone concentrations were too low to lead to '‘strong
retardation, so the data are not comparable.

(19) M. G. Evans, P. George, and N. Uri, Trans. Faraday Soc., 45,
230 (1949).

(20) W. G. Barb, J. H. Baxendale, P. George, and K. R. Hargrave,
ibid., 47, 462 (1951).

(21) T. J. Hardwick, Can. J. Chem., 35, 428 (1957).

(22) B. Behar and G. Stein, Science, 154, 1012 (1966).



at pH 2.0) reported by Allen, Hogan, and Rothschild
from radiation results. ??

Finally, we should emphasize that our conclusions as
to a redox chain process apply only to aquo Fe(IIl) in
acid solution. Complexed Fe(IIl) in less acid media
catalyzes H;O, decomposition with rates which vary
enormously with the ligands present, and often leads to
concurrent oxidation of organic substrates.’-2¢ While
these reactions have usually been interpreted in terms of
“‘complex” mechanisms, redox chains remain a possi-
bility,2¢ and we hope to extend our techniques to such
systems in the future.

Experimental Section

Materials. Stock solutions of reagents were prepared from
analytical grade perchlorate and nitrate salts, perchloric and
nitric acid, 30% H0., distilled under reduced pressure, and com-
mercial organic reagents. All reaction mixtures were adjusted to
an ionic strength of 0.435.

(23) A. O. Allen, V. D. Hogan, and W. G. Rothschild, Radiat. Res.,
7, 603 (1957).

(24) C. Walling, M. Kurz, and H. T. Schugar, Inorg. Chem., 9, 931
(1970).
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Kinetic Measurements. Reactions were carried out in magneti-
cally stirred vessels thermostated at 30° or other temperatures, and
followed by withdrawing aliquots at intervals, and quenching in di-
lute HoSO, and titrating H.O», usually with KMnO.. Preliminary
experiments without retarders gave decomposition rates in good
agreement with literature results. Gas evolution experiments were
carried out in similar vessels, previously saturated with O, con-
nected to a gas-buret. After equilibration of the other components,
H:0: was injected into the system through a rubber septum. Ratios
of rate constants cited were all obtained from least-squares fits to
linear plots such as those shown, using initial values for peroxide
decomposition. 2

Product analyses were generally carried out on systems at sub-
strate/H;Os ratios of 4. After reaction Fe3* was removed either by
treatment with Dowex 50 W-X8 (H* form) ion exchange resin, or
neutralized with NaOH and filtered. Solutions were analyzed by
flame ionization glc and products determined by isolation or re-
tention times in comparison with known standards. Hydroxy-
acetone was further identified by tlc comparison of its 2,4-dinitro-
phenylhydrazone with authentic materials; organic peroxides were
detected by tlc as described by Cartilidge and Tipper.2®

(25) We thank Dr. Edward Schulman for help with computer
programs for data analysis and for nmr analyses.

(26) J. Cartlidge and C. F. H. Tipper, 4nal. Chem. Acta, 22, 106
(1960).
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Abstract:

Tritium-labeled apomorphine was synthesized from morphine and apomorphine with specific activities

of 3.62 X 103-1.88 X 10° dpm/ug with labeling occurring predominantly on the aromatic rings as demonstrated by

pmr and mass spectroscopy studies of apomorphine deuterated under identical conditions.

By taking advantage

of the large differences in exchange rates of various aromatic hydrogens as shown by pmr studies, one may label ex-
clusively the catechol ring of apomorphine by controlling the reaction conditions.

he action of apomorphine (I} in alleviating the

symptoms of parkinsonism? may be due to its
structural analogy with 3,4-dihydroxyphenylethylamine
(II)® and phenylethylamine (III). II acts as a do-
paminergic neurotransmitter while phenylethylamine
displaces neurotransmitters from cellular sites.* Some
of the beneficial effects of 3,4-dihydroxyphenylalanine,

(1) (a) This work was supported by the National Institutes of Health
(Project No. NS 09492-03) and the U. S. Atomic Energy Commission.
(b) University of the State of New York at Stony Brook; (c) Stevens
Institute of Technology.

(2) R. S. Schwab, L. V. Amador, and J. Y. Lettvin, Trans. Amer.
Neurol. Ass., 76, 251 (1951); G. C, Cotzias, P. S. Papavasiliou, C. Feh-
ling, B. Kaufman, and I. Mena, N. Engl. J. Med., 282, 31 (1970); S. E.
Diiby, G. C. Cotzias, P. S. Papavasiliou, and W, H, Lawrence, Arch.
Neurol. (Chicago), 27, 474 (1972); G. C. Cotzias, W. H. Lawrence,
P. S. Papavasiliou, S. E. Diiby, J. Z. Ginos, and I. Mena, Trans.
Amer, Neurol. Ass.,97, 156 (1972).

(3) A. M. Ernst, Psychopharmacologia, 7, 391 (1965); N.-E. Anden,
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