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The oxidation of tris(2-1iiethyl-4-diethyla1ni1iophenyl)iiietha~~e by photogenerated 2-(o-chlorophenyl)-4,5- 
dipheiiylimidaxolS1 radical (L . ) was studied by flash photolysis. 
occurs a t  an  unprotonnted amino nitrogen of the leuco dye and is responsible for the first oxidation step. Sub- 
sequent reactions do not involve the L .  radical and depend only on the structure of the leuco dye and environ- 
mental effects. 

An electron-exchange reaction involving L 

The influence of pH on both the course and rate of the dye-forming reaction is discussed. 

Several investigators have studied the nature of the 
interlnediates formed and the reactions iyl1ich occur 

radicals and radical ions i11 the photoreduction Of 
methylene blue has long been re~ognized.'-~ Except 
for the ~\-ork of Le~is4-7 and Linschitz*>g arid pre- 
vious publicationio froln this laboratory, little direct 

mediates formed in the oxidation of triphenylmethnne 
leuco dyes or the kinetics of the reactions which they 
undergo. 

combination of 0-52 plus 7-60 Corniiig filters to provide light of 
(3700 f 200 Ak). The analysis light was appropriately filtered 

The absorption spectrum of the leuco dye radical-ion inter- 
niediate was obtained using a11 appratus designed by Dr. D. C. 
Reitz. The methanol solution containing leuco dye and CCl4 was 
placed in a rectaiigiilar quartz cell and suspended in a cold stream 
of nitrogen within R niultiwalled dewar flask constructed to fit 
iiifiide the sample compartment of a Cary Model 14 uv-visible 

the dewar flask for analysis. Photolysis was accomplished through 
a hole in the sample compartment on a direct line with the sample 
cell. The photolysis light was filtered with a Corning 7-39 filter 

~yhen dyes are photoreduced, 1-3 The participatioI1 of to preclude photol$sis of solutiolls* 

evidence been reported On the nature Of the inter- Optically flat quartz windows were provided on 

The halocarbon-sensitized Dhotooxidation of tris (4- to Prevellt Photolysis of the illtermediate. 

diethylaminopheny1) methane, referred to as leuco 
ethyl crystal violet (LECV) was recently described and 
a mechanism presented.l0 Previous papers in this 
series1' discussed the reactions of the 2-(o-chloro- 
phenyl)-4,5-triphenylimidazolyl radicals (L. ), formed 
from the corresponding dimer (Lz), with reducing 
agents. The present paper is a study of Le induced 
oxidation of triphenylmethane dyes and their trihydro- 
chloride salts. 

Experimental Section 

Results and Conclusions 
Structure of o-MLECV.3HCl and L2 in Various 

Solutions. -Ultraviolet absorption spectra of the 
o-MLECV 3HC1 + Lz mixture in methanol revealed 
no complexing between initiator and leuco dye. (Un- 
less specified otherwise,,all work was performed with 
o-NLECV at  6.6 X 10-5'M-and Lz at  4 X M.) 
The equilibrium constant K a t  25" for the reaction 

o-MLECV*3(HeC1-) 
o-MLECV.2(HfCI-) + H +  + C1- e etc. 

determiIled in metllanol, glycerol, acetonitrile, and 
Tris[2-methyl-4-(diethylaminophenyl)]methane (o-MLECV), 

pared by Cescon.lla The solvent CHlOH was Matheson reagent 
grade. Linde argon (dry 99.99% pure) was used to  deoxygenate I). These were Ob- 
all solutions. Spectra were recorded on Cary Model 14 and 15 

LECV, and their trihydrochloride salts as well as LZ were pre- 

instruments. 
The flash photolysis apparatus was of conventional design and 

has been described previously.1° The flash was filtered with a 

TABLE I 
DIGGREIG OF PROTONATION AT 25"' 

(1) C. A. Parker, Photochem. Liguid Solid States, P a p .  Symp., 38 (1957). 
(2) 8. Matsumoto, Bull. Chem. SOC. Jap . ,  37, 491 (1964). 
(3) M. Kaaumi, S. Kato, Y .  Usui, 8. Hayashi, and M. Morita, Interna- 

tional Symposium of Photochemistry, Rochester, N. Y., 1963, Report 
AD 436086. Methanol 4 x 10-6 DH.2.5HCl 

D H  - 3HC1 DH.2HC1 + HC1 e etc. 
Degree of protonation 

k, mol L - 1  (statistical structure) 

(4) G. N. Lewis, D .  Lipkin, and T. T. Magel, J .  Amer .  Chem. Soc., 63, 

(5) G. N. Lewis and M. Kasha, ibid., 66, 2100 (1944). 
(6) G. N. Lewis and D. Lipkin, ibid., 62, 2801 (1942). 
(7) G. N. Lewis and J. Bigeleisen, ibid., 65, 2414 (1963). 
(8) (a) H. Linsohitz, M. L. Berry, and D .  Sohweitaer, ibid., 76, 5833 

(1954); (b) J. Eloranta and H .  Linschitz, J .  Chem. Phys. ,  38, 2214 (1963). 
(9) H. Linschitz, J. Rennert, and T. M. Korn, J .  A m e r .  Chem. Soc., 76, 

5839 (1954). 
(10) A. MaoLachlan, J .  Phys .  Chem., 718 (1967). 
(11) (a) L. 9. Cescon, G. R. Coraor, R. Dessauer, A. 8. Deutsch, H. L. 

Jackson, A. MacLachlan, K .  Mareali, E .  M. Potrakfe, R.  E. Read, 
E. F. Silversmith, and E. J. Urgan, J. Org. Cham., 96, 2267 (1971); (b) 
R. H.  Riem, A.  MacLaohlan, G. R. Coraor, and E. J. Urban, ibid., 36, 2272 
(1971). 

3005 (1941). 
Glycerol-methanol 7 x 10-6 DH.2.4HC1 

Dimethylf ormamide DH.OHC1 
Acetonitrile -10-7 DH.2.9HCl 

60: 40 

a DH.3HC1 = 6.6 x 10-6 M and Lz = 4 X 10-4 M .  

tained by comparing the extinction coefficient a t  2650 
of o-MLECV.3HCl dissolved in the various solvents 
with that of the o-MLECV free base and of o-MLECV. 
3HC1 dissolved in methanolic 0.1 M HC1 (Figure 1). 
It is assumed that the free base extinction coefficient a t  
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Figure 1.-Effect of acid on the o-MLECV (6.65 X 10-6 M )  
spectrum in methanol. 

2600 8 is equal to three times the extinction coefficient 
for an individual 4-diethylaminophenyl structure. The 
free or available amino group concentration for th,e salt 
is calculated from the optical density a t  2600 A, as- 
suming Beers law is obeyed. These data allow a calcu- 
lation of the statistical degree of protonation and, as 
will be shown later, have an important effect on the 
ease of oxidation of the leuco dye. The results may be 
summarized by noting that in methanol and 6001, glyc- 
erol-40% methanol only the first of the three depro- 
tonating steps is important with the trihydrochloric 
salts. In  the two hydroxyl-containing solvents the 
equilibrium is such that an equimolar mixture of di- 
and triprotonated species is present. In  acetonitrile 
very little dissociation occurs, while in DMF the free 
base is the major species, quite likely due to the basic 
character of this solvent. 

Quantum Yield of Color Formation vs. Wavelength 
a s  a Function of the Absorbing Species.-Table I1 

TABLE I1 
COLOR QUANTUM YIELD (ac) vs. IRRADIATING WAVELENTH~ 

Irradiating 
wavelength, A *ob 

2537 0.66 
3130 0.49 
3660 0.55 

Q o-MLECV. 3HC1 was 6.6 X M in methanol; LZ was 4 x 
10-4 M .  b Quantum yield was obtained by correcting for screen- 
ing by o-MLECV.nHC1. 

contains the experimentally determined color quantum 
yield (a,) as a function of exciting wavelength. All 
the yields are identical within experimental error. N? 
effect of LZ concentration on aC in methanol with 3660-A 
irradiation was found (Table 111). The @c values in 
Tables I1 and 111 were all corrected for screening due to 
o-MLECV-nHCI, implying that only light absorbed by 
LZ was effective in producing color. Justification for 
this was obtained by varying the relative concentra- 
tions of o-MLECV.3HC1 and I d 2  such that in one case 
most of the incident light was absorbed by LZ and in 

TIME(mi1lisec )I tt-tll 

Figure 2.-o-Chlorolophine radical decay at  3900 in the pres- 
ence of o-MLECV. 

TABLE I11 
vs.  REACTANT CONCENTRATIONS IN METHANOL~ 

o-MLECV. 3HCl Concn, M, Lz Qcb 
Concn, M ,  

6.6  x 10-6 8 x 0.61 
6.6 x 10-6 2 x 10-4 0.50 
6.6 x 10-6 4 x 10-4 0.52 

a Photolyzing wavelength was 3660 1. * Corrections for screen- 
ing by o-MLECV.nHC1 were always applied. 

the other most of the light was absorbed by o-MLECV. 
3HC1. 

The extinction coefficient of o-MLECV cationic dye, 
which is necessary for Cbc determinations, was obtained 
by photolyzing a deoxygenated mixture of a known 
concentration of o-MLECV. 3HC1 with excess La to 
the point where no more color was formed. The value 
for €6200 obtained in this manner is 11.5 X lo4 I./(mol 
cm), and in the event that some dye was photolyzed i t  
represents a minimum value. However, under the 
condition of the experiment the quantum yield for dye 
degradation was determined as less than 0.02 com- 
pared to aC = 0.55. 

Flash Photolysis.-Flash photolysis of LECV-CC14 
mixtures in methanol and ethanol yi$ded one obsery- 
able intermediate.1° At 4500-4900 A (called 4600-A 
species from now on) an absorption was detected which 
decayed in about 20 msec to produce the final color 
(5900 8). The rate of color formation coincided in 
both kinetic order and lifetime with the 4600-A decay. 
In  the present system, initiator fragments should pre- 
sent an additional complication; therefore, the initia- 
tion was investigated separately. 

LZ Photolysis.-When Lp is flash photolyzed ig 
methanol, transient absorptions at  5450 and 3900 A 
are detected. Both decay with approximately second- 
order kinetics, and correcting for differences in ex- 
tinction coefficient of the lophine radical a t  5450 and 
3900 8 leads to the conclusion that both absorptions 
correspond to the same radical species. Whether L2 
is re-formed or whether different products result is not 
known. 

o-MLECV Free Base plus Lz.-Filters were adjusted 
to allow only photolysis of LZ. A transient was ob- 
served at  3900 A, whose decay rate was much faster 
than the normal lophine radical disappearape rate 
and, in addition, was first order. At 4660 A an ab- 
sorption appeared at  a rate and order corresponding to 
the 3900-8 decay (Figures 2 and 3) thus suggesting 

Color was produced only in the former case. 
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Figure 4.-Decay of “4600 k’ (first order). 
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Figure 4.-Decay of “4600 k’ (first order). 
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Figure 5.-Reaction of lophine radicals (3900 A) (first order). 

that the 3900 reacts to paroduce the 4600-i transient. 
That  the observed 3900-A decay was in reality only 
pseudo first order was shown by decreasing the 
o-MLECV free base concentration to a point where it 
was no longer in excess over the concentration of lo- 
phine radicals (L.). Under these conditions second- 
order kinetics was observed. The reaction 

Lv + DH -+ 4600-19 absorbing species 

is in agreement with the rtsults. The true second- 
order rate constant for 3900-A (L.) decay was obtained 
by dividing the observed pseudo-first-order rate con- 
stant by the concentration of “free amino groups.” 
The significance of this latter normalization becomes 
apparent when the data are analyzed with acid in the 
system. No color is formed when the system 
o-MLECV free base reacts with lophine radicals. The 
possible reason: for this will be discussed later. The 
decay at  4600 A is shown in Figure 4. 
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Figure 6.-Formation of “4600 k’ by lophine radicals (first- 
order kinetics). 
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Figure 7.--“4600-k1 decay. 

Flash Photolysis of o-MLECV.3HC1 plus Lz in 
Methanol. -When o-MLECV - 3HC1 plus L2 is flash 
photolyzed, using light absorbed only by L2, the 
foollowing transient reactions are observed. (a) 3900 
A (L . )  decays by pseudo-first-order kinetics in a time 
short compared to the disappearance rate (Figure 5). 
(b) 4600 8 is forgned with a rate and order correspond- 
ing to the 3900-A decay (Figure 6). (c) 6200 A (color) 
is forped with a rate and order corresponding to  the 
4600-A decay (Figures 7 and 8). 

As mentioned earlier, when the trihydrochloride is 
dissolved in methanol, equilibrium between di- and 
triprotonated leuco base is established and it is possible 
to determine the number of protonated and nonpro- 
tonated amine functions available for L. reaction by 
ultraviolet spectroscopy. When the pseudo-first-order 
rate constant obtained in this system is divided by the 
concentration of free aromatic amine groups, the true 
second-order rate constant obtained is identical with 
that measured for the free base. This quite conclu- 
sively points to the amine function as the primary point 
of attack. 
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Since the rate of attack of L. on o-MLECV depends 
on the number of free amine functions, the first inter- 
mediate formed would be the radical ion 

I 

Et. 6 

/ \  
Et Et 

DH( HCI),, 
where n = 1 

Such radical ions have analogy both in the formation of 
Wiirster-type radicals with aromatic diamines and as 
postulated intermediates in the Hofmann-Loffler reac- 
tion 

hu 
RzNH. +C1+ R2N +H + C1. 

The rapid rate of L. disappearance and its kinetic 
order, when gompared to  the slow rate of disappearance 
of the 4600-A transient, show the only purpose of L -  is 
to initiate the reaction. Once the electron exchange 
reaction has occurrred, the final dye formation rate de- 
pends only on the dye structure and any environmental 
effects on the 4600-8 intermediate. 

Evidence for Identification of the Reacgion Inter- 
mediates. -Strong evidence that the 4600-A transient 
is a radical was obtained by electron spin resonance 
techniques Two different means of generating the 
radical were used. 

o-MLECV.3HCl and Lz were dissolved in methanol 
and deoxygenated. This solution was circulated 
through the esr cavity (25') and irradiated directly. 
A single line was obtained and could not be resolved. 
Lophine radicals cannot be responsible, since their 
rate of disappearance as obtained from the flash photol- 
ysis experiments renders their concentration much too 

I .o BEFORE PHOTOLYSIS t L SPECTRUM OF D'H'CI- 

1 I 8 I I 

XI00 4000 5000 6000 7000 
WAVELENGTH a 

Figure 9.-Absorption spectrum of D .H+ C1- in methanol a t  
-goo. 

low. A second method relied on the sensitized decom- 
position of the o-XLECV free base. Free base was 
dissolved in a 10% carbon tetrachloride-90% methanol 
solution, cooled to -SO", and irradiated directly in the 
esr cavity. Again, a single-line spectrum was obtained 
which could not be resolved. These spectra do not 
allow a structure to be assigned the radical and do not 
even prove that the same radical is obtained by either 
route but they clearly show a radical intermediate tha$ 
corresponds in lifetime to the optically observed 4600-A 
transient intermediate described below. 

The optical absorption spectrum of the radical inter- 
mediate was also obtained. Figure 9 shows the results 
of photolysis of o--1ILECV free base in 10% carbon 
tetrachloride-90% methanol at - 90". The radicaj 
intermediate has two peal<% in the vicinity of 4800 A 
and apparently one at  6300 A. On warming the normal 
6200-A absorption of the dye cation forms. Mixing 
was not possible in the low-temperature cell used in 
this experiment, and thus extinction coefficient rela- 
tionships cannot be obtained froom Figure 9. 

The possibility that the 4800-A species might be sim- 
ply a protonated form of the final dye was eliminated 
by examining the behavior of the dye spectrum as a 
function of added sulfuric acid. The major change is a 
shift to  longer wavelengths (6700 A) and then an al- 
most complete loss of the 6700-8 absorption. No ab- 
sorption at 4800-4900 8 is ever formed by protonation. 

The optical spectral Gata make it apparent why the 
formation of the 4800-A transient and the loss of the 
3900 A (lophine radical) could not be followed over 
their entire range. The marked spectral overlap of the 
two species at 3900 8 is easily seen in Figure 9. 

The Role of Protons in Promoting Color Formation. - 
Reactions 1, 2 ,  3, and 4 have been discussed. 

hu 
L-L ---f + L-L* (1) 

( 2 )  L-L* ----f L-L 

@dissaoiation = 0.55 

L-L* + 2L. (3) 

(4) I,. + D H ~ H +  -+ L- + D H ~ H +  

O < n < 3  
k = 0.83 x 107 I./(mol sec) in methanol a t  23' 
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Et 

Et 

Et /N\E( 

I CCl, + A” 

SCHEME I 

Et‘ 

0-MLECV 1. D+ 2c 
c- 

Et 

The question of the degree of protonation of the 4600- 
8 intermediate and its effect on the rate of color forma- 
tion will now be explored. 

In  methanol, the $-,1ILECV.3HCl plus L2 compo- 
sition yields a 4600-A transient that decays by good 
second-order kinetics with a lifetime of approximately 
0.2 sec (Figure 6). When o-lILECV free base is photo- 
lyzed with carbon tetrachloride as sensitizer, the 4600- 

absorption is formed but decays with a lifetime of ap- 
proximately 4 sec (first order).12 However, when o- 
MLEsV.3HC1 is sensitized with CCh, the lifetime of 
4600-A decay again becomes second order with a life- 
time of 0.2 sec. These three experiments illustrate the 
influence of [H+] on the observed kinetics as well as the 
independence of the 4600-8 intermediate from the ini- 
tiator. They also show that no long-lived cgmplex 
with lophine radicals is responsible for the 4600-A tran- 
sient absorption and its decay rate. 

The effect of HC1 on this disproportionation is un- 
doubtedly due to the degree of protonation of the inter- 
mediate and must be included in the mechanism. With 
no initial concentration of HC1, the concentration of 
HC1 generated photochemically cannot exceed the final 
concentration of dye formed, and therefore the 
minimum degree of protonation would be present. 
This is the case for CCksensitized decomposition of the 
free leuco base. l2 

As hydrochloric acid is added to the system (in the 
form of the leuco trihydrochloride), the rate of attack of 
(12) For reference the soheme for CCle photosensitized oxidation of o- 

MLECV’O is 
o-MLECV + hu + S* (singlet state) 
S* ---f T (triplet state) 
S * o r T *  + CCh+ D H . +  + CCla 
DH. ’  CClr,-----f D +  C1- + CHCh 
DH 4- CCla.-----f DH + C1- + CCls- 
D H . + # D .  + H +  

- 

DH + + D  +DH+D+ 

$. 

Et 

2A 
(A) - degradation 

products 

2B 
(B) - DC + 0-MLECV 

lophine radicals on the dye is desreased, and the rate of 
disproportionation of the 4600-A transient is increased. 
S o  significant change in color quantum yield occurs ; 
thus, the change in half-life is not a concentr a t‘ ion 
effect. However, when lophine radicals react with 0,- 
IILECV free base, no color is formed, and its 4600-A 
transient disappears with the highest rate. End prod- 
uct analysis showed that the oxidized form of the dye 
is not present under these conditions. Thus, the effect 
of acid is twofold: (1) if increases the rate of dispro- 
portionation of the 4600-A transient, and ( 2 )  it actually 
controls the chemical course of the reaction. 

T o  understand these results we need to  examine 
LECV oxidation by L. under neutral conditions. 
Photolysis of a methanolic solution of Lz plus LECV 
gives color (D+) with aquantum yield equivalent to the 
o-RILECV.3HCl yield (-0.5). The only difference in 
structure between the leuco bases is the presence of the 
three ortho methyl groups in o-MLECV. Thus, the 
most reasonable effect is a steric one that interferes 
with reaction at the centrd C-H bond. Since i t  has 
already been shown that the 4600-A transient is a free 
radical and does disproportionate to form the final prod- 
ucts, this too must be considered in the mechanism. 
Schematically, we can represent the experimental facts 
as follows. 

o-MLECV + L. + 4600 A (basic) (A) 
o-MLECV.3HCl + L. + 46000 A+nH+ (acidic) (B) 
o-MLECV* + CCla 4600 A (neutral) (C) 
LECV -k L.  --t 4600 A (basic) (DLECV) 
LECV* + CCla --f 4600 A (neutral) (ELECV) 
2A --f degradation products 
2B + D +  
2C + D +  
~ D L E C V  + D +LECV 

~ELECV ---f D’LECV 

till = -0.10 8ec 
t,,2 = -0.4 see 
tL lz  = -3 see 
t,,$ = 0.010 see 
tl,z = 0.036 see 
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The ortho methyl group steric effect is exhibited in 
the reduced reactivity of all the species derived from 
o-JIILECV us. LECV. Under basic conditions, LECV 
yields the final dye. Reactivity of the ortho methyl 
groups of o-MLECV might explain the results if dispro- 
portionation occurred at  these groups to give degrada- 
tion products. However, the methyl groups are meta 
to  the amino function and should not yield a highly 
resonance-stabilized benzyl radical; in fact, reactivity 
little greater than that of toluene might be expected. 
Furthermore, the effect of acid could not be explained 
by reaction at the methyl groups, because protonation 
would reduce the reactivity of the triphenylmethane 
carbon-hydrogen bond to the same extent as the meta 
methyl group, and thus no change in chemistry would 
be expected. 

Assuming that 0.036 sec is the normal “unhindoered” 
rate of disproportionation of unprotonated 4600-11 spe- 
cies, it is seen that with the ortho methyl groups present 
in o-MLECV the rate is significantly slower (0.10 sec). 
In the normal “unhindered” reaction we know oxida- 
tion a t  the triphenyl methane carbon-hydrogen bond 
occurred since color is formed. In  the hindered case 
reaction at  some other point must occur since no color 
will form on acidification. A reasonable suggestion is 
either oxidation at  the N-ethyl function or ring addition 
products. Reaction at  the a-C-H bond of the N-  
ethyl group yields a relatively stable amidinium com- 
pound. Further reaction with solvent leads to ethers, 
etc. Acid or even chloride ion might interfere with 

this reaction, since they tie up the nonbonding nitrogen 
electrons and make the a! hydrogens less reactive. In 
this case the color forming reaction has time to occur. 

To check to see if it is possible to bring about the 
destructive reaction with LECV by adding base to the 
solution, the photooxidation with lophine was carried 
out in the presence of methanolic sodium methoxide. 
Even 0.1 116 alkoxide ion in methanol is not sufficient to 
interfere with the color reaction with LECV. This 
must mean that, even if the equilibrium 

is completely to the right, the triphenylmethyl radicals 
mill disproportionate with LECV to produce the cation. 
Using these same arguments for o-JILECV, it is inter- 
esting to speculate how an apparently small change in 
acidity can have a dramatic effect on both the rate and 
course of the disproportionation reaction. h tentative 
set of intermediates that explain these results are shown 
in Scheme I, p 2279. 

Registry No. -L . , 29597-74-3 ; Lz, 1707-68-2; 

D H . * e  D .  + Hf 

0-AILECV, 4482-70-6; o-L\ILECV* 3HC1, 4482-56-8; 
LECV, 4865-00-3. 
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The effect of aryl subrtituents on the reactivity of substituted triarylimidazolyl free radicals, photolytically 
generated from their corresponding dimers, in an electron-exchange reaction with an aminotriphenylmethane 
substrate was studied by flash photolysis. The reaction rate was retarded by electron-donating substituents and 
enhanced by eIectron-withdrawing groups on the imidazolyl radical. Bulky substituents, ortho to the imidazole 
ring, also increased the reactivity. These results are consistent with the previously proposed mechanism for 
the reaction. 

The preparation of 2,4,5-triphenylimidazole (lophine) 
was first reported in 1882.l In  1960, Hayashi and 
Maeda reported that oxidation of lophine 1 and its de- 
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rivatives yields dimeric products which are photo-, 
piezo-, and thermochromic due to the reversible forma- 
tion of a colored 2,4,5-triarylimidazolyl free radical. 
They proposed a hydrazine-type structure 2 to account 

(1) (a) F. R. Japp and H. H. Robinson, Ber., 15, 1268 (1882); (b) B. 
Radziswewski, ibid., 15, 1493 (1882). 

for the dimer’s properties.2 The same structure was 
suggested by Zimmermann and coworkers3 who pre- 
pared a series of these compounds. On the basis of 
infrared spectral data, White and Sonnenberg4 proposed 
that the thermally unstable dimer originally formed in 
the oxidation of unsubstituted lophine is the 4,4‘ 
isomer 3 which isomerizes in solution to the thermally 
stable 1,2’ dimer 4 through the intermediacy of the free 
radical 5. The stable 1,2’ isomer is the only dimer 
readiIy obtained on oxidation of lophines containing an 

(2) (a) T. Hayashi and K. Maeda, BULL. Chem. Soe. Jap. ,  33, 565 (lg60); 
(b) ibid., 36, 2057 (1962); ( c )  T. Hayashi, K. Maeda, 6 .  Shida, and K. 
Nakeda, J .  Chem. Phys. ,  32, 1568 (1960). 

(3) (a) H. Zimmermann, H. Baumgartei, and F. Bakke, Bngew. Chem., 78, 
808 (1961); (b) H. Baumgartel and H. Zimmerman, 2. Naturjorsch., 186, 
406 (1963). 

(4) D. M. White and ,J, Sonnenberg, J. Amer .  Chem. Soc., 88, 3825 
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