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The eliminations of H;0, HDO, and D:0 from the molecular ions of O-di-, 1-di-, 2,2,6,6-ds, 3,3,5,5-ds, and
4,4-d;-cyclohexanols have been studied in daughter ions generated in 70-, 12-, and 10-eV spectra, and in meta-
stable transitions occurring in the first and second field-free regions of a double-focusing mass spectrometer.

It is concluded that cis 1,4 elimination of water does occur in the mass spectrum of cyclohexanol.

Although 1,2

and 1,3 elimination apparently occur as competing unimolecular reactions, no definite conclusions as to their

oceurrence are possible, since H/H rearrangements probably occur prior to water elimination.

In particular, a

case can be made to support exchange between the hydroxyl hydrogen and hydrogen attached to C-3(C-5).

The M+ — H,0 ion from cyclohexanol loses a methyl radical.

In the spectra of the deuterated derivatives,

this further loss of a methyl radical, occurring either in the source or the field-free regions, appears to be preceded

by almost complete randomization of H and D.

Several workers have studied the elimination of water
from the molecular ion of cyclohexanol.’-* From
comparison of daughter ion intensities in the mass
spectra of deuterated cyclohexanols, they concluded
that two major specific processes were involved, 1,3 and
1,4 elimination.

For example, it was found? that of the CgHj?
daughter ions formed, 429, had lost the hydroxyl group
and a hydrogen atom from the 4 position, and 42%, had
lost the hydroxyl group and a hydrogen atom from the
3 or 5 positions. After correcting for the statistical ex-
cess of 3 and 5 hydrogens, this implies that the probabil-
ity of abstracting a C-4 hydrogen atom is twice that of
abstracting a C-3 or C-5 hydrogen atom. In order to
aceount for the remaining (169,) C¢Hjo? daughter ions,
whose formation did not involve loss of the hydroxyl

“hydrogen but only loss of hydrogens from the 3 and 5
positions, a third minor process was suggested.?
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Green, et al.,® have produced evidence to support the
proposed mechanism of 1,4 elimination by demon-
strating that the 1,4 loss is largely stereospecific (809
cts). This result implies that the six-membered ring is
“substantially intact.””* Further support for the pro-
posed 1,4 elimination has been drawn from the be-

CHy'
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havior of cyclohexane-1,4-diols.! Thus, the trans-diol
eliminates water to a greater extent that the cis isomer,
and almost completely (909) by necessarily cis 1,4
elimination.!

Similarly, both trans-4- and {rans-3-t-butyleyclo-
hexanols lose water to a greater extent than their cis
isomers,*® although the ease of cleavage of the tertiary
C-H bond is here recognized as being a significant
factor.?

The electron impact induced loss of water from cy-
clohexanol (m/e 100 — m/e 82) is accompanied by a
“metastable peak” (m/e 67.2). For two reasons, we
considered it desirable to study the ‘“‘metastable peaks”
for loss of H,O, HDO, and D.O from the molecular ions
of deuterated cyclohexanols. First, there is a peak at
m/e 81 in the mass spectrum of cyclohexanol, 109, of the
abundance of m/e 82 at 70 eV. Conclusions based on
daughter-ion intensities at 70 eV are obviously re-
stricted by the presence of ions, analogous to m/e 81, in
the spectra of the deuterated cyclohexanols. Examina-
tion of the metastable transitions in the first field-free
region® shows that the sole process for formation of m/e
82 is loss of water from the cyclohexanol molecular ion,
and that the major process for formation of m/e 81 is loss
of water from the (M+ — 1) ion. Although it is known?
that the (M * — 1) ion is formed in the source by loss of
the C-1 hydrogen atom, it is impossible to correct for
the (M+ — H30) and (M+ — H,OD) ions in the spectra
of all but the simplest deuterated cyclohexanols. At
nominal 10~12-eV beam energies, the abundance of m/e
81 in the spectrum of cyclohexanol is negligible.
Second, by looking at the reactions of molecular ions of
long lifetime and low internal energy, it was hoped to
evaluate the importance of internal hydrogen re-
arrangement prior to fragmentation. Since hydrogen-
scrambling processes in aliphatic compounds frequently
have low activation energies and low frequency factors,
they compete most effectively with fragmentation reac-
tions having similar k vs. E curves.” The loss of water
from the cyclohexanol molecular ion seems to oceur
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Figure 1.—Percentages of HDO and D;O lost by 1 and 3-5 as a
function of parent ion ‘“‘energies.”

TaBLe I

IONIZATION AND APPEARANCE POTENTIALS OF
SoME Ions IN THE Mass SPECTRUM OF CYCLOHEXANOL

Quantity Ion, m/ [ Assignment Value, eV AP of m*
P 100 M+ 10.0 e
AP 82 M+ - H,0 10.1 10.05
AP 67 M+ — H,0O — CH; 10.9 10.6
AP 57 C:H;O* 11.5

with a relatively low activation energy (see Table I)
and low frequency factor. Further, hydrogen/deu-
terium scrambling will probably be most advanced in
ions of long lifetime and might therefore be most evi-
dent in ions formed in the first and second field-free re-
gions. An additional important advantage of using a
metastable defocuser is that metastable transitions can
be detected with a very high sensitivity, and, since the
precursor and daughter ions are unambiguously iden-
tified in each case, no complications arise because of the
presence of isotopic impurities.

Discussion

The ionization potential (IP) of eyclohexanol and the
appearance potentials (AP) of some of its fragment ions
are given in Table I.  Also shown in Table I are the ap-
pearance potentials of the first field-free region ‘“‘meta-
stable peaks” (m*) for formation of m/e 82 and 67.
As expected, these values are somewhat less than the
appearance potentials of the corresponding daughter
ions, due to the extra energy needed to raise the rate
constants slightly in the region of 10°—10% sec—1.
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Figure 2.—“Metastable peaks” for loss of H;0, HDO, and DO
from 3,3,5,5-d-cyclohexanol.

Deuterated, cyclohexanols 1-5 were synthesized and

studied.
DOH HO D HO H HO H HO H
D D
D D
DD
1 2 3 4 5

Loss of Water from the Cyclohexanol Molecular Ton.
—Table II gives the percentages of HDO and D,0 lost
by 1-5 as measured from daughter ion intensities at
nominal 70-, 12-, and 10-eV beam energies (after cor-
rection for *C-containing ions and incompletely deu-
terated species) and metastable ion intensities (first
and second field-free regions) at 70 eV.

TasLe II
PeRrcENTAGE COMPOSITION OF
(M* — WaTER) IoNs FROM 1-5¢

~Daughter jons—  ——Metastable iongb——r

Compd Loss 70 eV 12 eV 10 eV In* 2 *
1 HOD 82 82 85 64 62
2 HOD 6 3 3 b b

3 HOD 15¢ 11 14 20 22
DO 3¢ 1 b b b

4 HOD 34¢ 30 26 49 45
D;0 14¢ 11 10 18 18

5 HOD 49¢ 48 47 16 14
DO 5¢ 4 3 2 b

¢ The estimated accuracy for the daughter ion data at 12 and
70 eV is £1%,; at 10 ev, and for metastable transitions, it is
+29%,. ?Too small to measure (<29). °¢TUncorrected for
contributions from (M + — H;O0)and (M * — H,OD) ions.

The data for daughter ions accord well with previous
figures,? except that we find a significant loss (11-15%,)
of HDO from the 2,2,6,6-d; derivative 3; this loss of
HDO becomes more pronounced (20-2297) in the field-
free regions (Table II). The major significant pro-
cesses (>10%) at all energies are loss of HDO from 1, 3,
4, and 5 and of D,O from 4, and the results for these
processes are summarized graphieally in Figure 1 (the
energy scale is of course arbitrary, but it is convenient
for clarity of exposition). Perhaps the most important
point to emphasize is that the 3,3,5,5-ds derivative (4)
undergoes competing metastable transitions in both
field-free regions for loss of H,O, HDO, and D;0 (Figure
2; the additional “metastable peaks’” at m/e 70.1 and
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68.5 correspond to loss of H.0 and HDO from M+ — 1
and from the d; — M+ impurity). Since competing
metastable transitions are to be expected only if the
processes have very similar activation energies (within
ca. 50%),% and since the activation energies in question
are very low (Table I), it may reasonably be concluded
that some measure of H/D rearrangement precedes the
loss of DO from 4; such H/D rearrangement is by no
means unexpected® (see also ref 7 and references cited
therein).

If it is accepted that H/D rearrangement can occur
in the specifically deuterated derivatives prior to water
loss, then the earlier conclusions that competitive 1,3
and 1,4 eliminations are involved in the water loss!—3
may or may not be correct. For example, it is con-
ceivable that exchange of H and D could oceur to some
extent between C-3 (C-5) and C-4 prior to the water
elimination. In any event, an interpretation of the
data (Table II and Figure 1), which (probably incor-
rectly) ignores H/D exchange reactions, would now
have to include a significant competing 1,2 elimination
(especially important in ions of low internal energy—
see dotted line in Figure 1). It isnoteworthy that, ifit
is assumed that there is no H/D scrambling, the neces-
sary 1,2 elimination cannot be thermally induced, since
it is most important in metastable transitions, i.e.
oceurs from the molecular ion and not the neutral mole-
cule. Thus, it is possible to interpret the results in
terms of competing 1,2, 1,3, and 1,4 eliminations of water
(involving four-, five-, and six-membered transitions
states), assuming H/D exchange reactions to be very
minor, or to assume at the other extreme that H/D ex-
change is extensive and that the actual elimination pro-
cess may even involve only a single transition state
(e.g., cis 1,4 elimination in the boat form). Some pic-
ture inbetween these extremes is also possible.

It is difficult to reach reliable conclusions. Cer-
tainly, if competing 1,2, 1,3, and 1,4 eliminations are in-
volved, they must have similar activation energies, since
all give competing metastable transitions. While such
a situation is not inconceivable, it seems somewhat un-
likely. The evidence in favor of hydrogen exchange
between the hydroxyl hydrogen and those attached to
C-3 (C-5) is strong. Thus, if the reaction 4 — 7 via
the transition state 6 has a lower activation energy and
lower frequency factor than water loss, then, for ions

OH Devmmme 0 0D
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(8) H. M, Rosenstock and M. Krauss in ‘‘Mass Spectrometry of Organic
Ions,” F. W, McLafferty, Ed., Academic Press Inc., New York, N. Y., 1963,
p 36.
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cal Methods,” Vol. 2, F. C. Nachod and W. D. Phillips, Ed., Academic Press
Inc., New York, N. Y., 1962, Chapter 2, p 131.
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losing water in the field-free regions, the concentration
of 7 in relation to 4 will be higher than for ions losing
water in the source.

It follows that in the field-free regions (a) the OD
derivative 1 will lose more H;O (via 8) than when react-
ing in the source; (b) 4 will lose more D;O (via 7) than
when reacting in the source; and (¢) HDO loss from 4
(via 7) will increase relative to reaction in the source,
since 7 cannot lose H;O. These are the experimental
observations (Figure 1).

It is also true that a good case can be made to support
the occurrence of a direct 1,4 elimination, since this
occurs with a high cis stereospecificity (80%) in 70-eV
spectra.® In addition, if it were assumed that only a
1,3 elimination were involved following randomization
of the 4,4 deuteriums of 5 among C-3, C-4, and C-5
prior to the formation of the majority of the M+ —
water daughter ions at 70 eV, then it becomes impos-
sible to explain the large loss (499, larger than the sta~
tistical value of 339;) of HDO from the 4,4-d; derivative
5 at 70 €V and the smaller loss (34%) of HDO from the
3,3,5,5-d, derivative 4 at 70 eV. Thus, the case for a
direct ¢is 1,4 elimination in ions of relatively high in-
ternal energy seems established beyond reasonable
doubt.

A concrete case for a competing direct 1,2 and 1,3
elimination is less easy to make. Indeed, the data
(Table II and Figure 1) are also perfectly consistent
with solely a direct cis 1,4 elimination with C-3 (C-5)
and C-2 (C-4) deuteriums (of 4 and 3, respectively),
scrambling into the hydroxyl and cts C-4 positions,
and increasingly so in ions of longer lifetime (Figure 1).

In summary, direct czs 1,4 elimination of water
from the molecular ion of eyclohexanol seems to be
established. A reasonable case can be made in sup-
port of H/H exchange between the hydroxyl hydrogen
and those attached to C-3 (C-5). Direct 1,2 and 1,3
eliminations of water may occur as competing uni-
molecular decompositions, but owing to the possibility
of H/H scrambling, their occurrence is not proved in
the present case.

Formation of m/e 57.—The ion at m/e 57 gives rise
to the base peak in the mass spectrum of cyclohexanol at
70 eV, but at 12 eV m/e 82 (M+ — H,0) is the base
peak. This fact, along with the observation that
formation of m/e 57 is not accompanied by an abundant
“metastable peak,” establishes that the reaction
leading to m/e 57 is one of higher activation energy
and higher frequency factor than that leading to m/e
82 (assuming that the reactions are truly competing).
The measured appearance potentials (Table I) of m/e
82 and 57 confirm the former conclusion. The m/e 57
peak is formed in the source without any significant
hydrogen scrambling even at low electron-volt values.
The shift in m/e 57 in 1-5 indicates cleavage as shown,
as previously deseribed.»? Since m/e 57 is formed

HO H /

H

m/e 57

(10) D. H. Williams and R. G. Cooks, Chem. Commun., 663 (1968); F. W,
MecLafferty and R. B. Fairweather, J. Amer. Chem. Soc., 90, 5915 (1968).
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Figure 3.—Routes by which m/e 67-71 may arise in the spectra
of 2,2,6,6-d,~ and 3,3,5,5-d-cyclohexanol.

from ions of relatively high internal energy and short
lifetime, it is not surprising that H/D exchange does
not precede its formation.’

There are very weak 1+ peaks of decreasing intensity
for formation of m/e 57 from m/e 58, 72, and 99 and/or
100. The ion at m/e 58 is formed from m/e 99 or 100,
as again indicated by very weak “metastable peaks.”

Formation of m/e 67 M+ — H,O0 — CH;-).—Ex-
amination of the metastable transitions in the first
field-free region shows that m/e 67 is formed solely
from m/e 82 (M+ — H,;0) by loss of a methyl radical.
Intensities of ‘‘metastable peaks” (in the first field-
free region) for corresponding processes from abundant
M+ — water daughter ions from 3, 4, and 5 are given
in Table III. Also shown are the calculated intensities

TaBur 111

INTENSITIES OF “METASTABLE PEAXS” FOR THE PROCESS
M+ — Warer = M+ — Warer — CH;-

““Metastable Calculated
peak’’ intensity for
intensity, random loss,
Compd M+ — water Loss b/ %%
3 M -~ H,O CH; 18 16.7
CH,D 45 50.0
CHD, 27 30.0
CD; 10 3.3
4 M - H;O0 CH; 24 16.7
CH.D 49 50.0
CHD, 25 30.0
CD; 2 3.3
M - HOD CH; 38 29.2
CH.D 48 52.5
CHD, 13 17.5
CD; 1 0.8
5 M - H;0 CH;, 51 46.7
CH.D 44 46.7
CHD, 5 6.6
M - HOD CH; 75 70.0
CH,D 25 30.0

o Estimated accuracies of 29,

assuming complete randomization of the hydrogens
and deuteriums prior to loss of methyl.

The results in Table III demonstrate that in M+ —
water ions of long lifetime the hydrogens and deu-
teriums are almost completely randomized prior to
expulsion of a methyl radical. The “metastable peaks”
in the second field-free region show a similar distribu-~
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tion, but their accurate comparison is precluded by
the presence of normal peaks in the spectra.

The various routes by which m/e 67, 68, 69, 70, and
71 daughter ions may arise in the spectrum of a d
cyclohexanol are given in Figure 3. By weighting
each M+ — water daughter ion according to its con-
centration at the collector, it is possible to calculate
what the relative intensities of the M+ — water —
methyl daughter ions in the spectra of 1-5 would be
if the hydrogens of the M+ — water ions formed in
the source are randomized. These figures are com-
pared with observed values in Table IV. The com-
parison suggests that there is extensive randomization
prior to this reaction even in ions of shorter lifetimes
(210—% sec) than those giving rise to metastable
transitions.

TasLe IV
OBSERVED AND CALCULATED INTENSITIES OF
M+ — Warer — MerayL DaveaTeR ToNs IN THE Mass
SpEcTRA OF DEUTERATED CYCLOHEXANOLS 2-5

~—Obsd intensity®———~ ——Caled intensity?——

Compd m/e 70 eV 12 eV 70 eVe 12 eV
2 68 66 68 64 69
67 34 32 36 31
3 71 17 18 13 15
70 39 38 45 46
69 29 29 34 33
68 14 14 7 6
67 1 1 1 1
4 71 22 25 10 10
70 35 31 36 35
69 31 33 38 39
68 10 10 14 13
67 2 1 2 1
5 69 30 32 20 21
68 52 53 55 55
67 18 15 25 24

& Corrected for ¥*C abundance; estimated accuracy of +=1%,.
¢ Calculated intensity = M™* — water daughter ion intensity
corrected for *C only X probability of loss of methyl fragment
assuming complete randomization of the hydrogens. ¢ Ignores
M+ — H;O and M+ — H,0D contributions to M+ — water ion
intensities.

Experimental Section

All mass spectra were determined on an AEI MS 9 double-
focusing instrument operating at a source temperature of 180-
200°. Samples were introduced through a heated inlet system.
Ionization and appearance potentials were determined by the
semilogarithmic plot method.}! Metastable transitions in the
first field-free region of the mass spectrometer were examined by
means of a defocusing device.®

Preparation of Deuterated Cyclohexanols.—1-d;-Cyclohexanol
(2, 989, di, 29, dy) was prepared by lithium aluminum deuteride
reduction of cyclohexanone. 2,2,6,6-di-Cyclohexanol (3) was
prepared by lithium aluminium hydride reduction of 2,2,6,6-d-
cyclohexanone, which in turn was obtained from cyclohexanone
by repeated base-catalyzed equilibration with deuterium oxide.
Cyclohexanone was refluxed with deuterium oxide in the presence
of anhydrous potassium carbonate for 48 hr and the cyclohex-
anone was reisolated by ether extraction. Five such exchanges
gave 2,2,6,6-d,-cyclobhexanone (979, di, 3% ds). 3,3,5,5-ds-
and 4,4-d:-cyclohexanols (4 and 5) were obtained by reduction
of the p-toluenesulfonylhydrazones of 2,2,6,6-d-4-hydroxycyclo-
hexanone and 4-hydroxycyclohexanone with lithium aluminum
hydride and deuteride, respectively. The conditions employed
wereidentical with those previously described for the preparation of

(11) See, for example, C. Lifschitz, E. D. Bergmann, and B. Pullmann,
Tetrahedron Lett., 4583 (1967).
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4,12 except that the preparation of 5 was completed by work-up
with deuterium oxide containing a small amount of deuterium
chloride.

The samples of 2, 3, 4, and 5 were purified by preparative
vapor phase chromatography on a 2-ft Apiezon column at 80°.
Their percentage isotopic purity was calculated from low-voltage
spectra. The low-voltage spectra of the corresponding cyclo-
hexanones were much more amenable to analysis than the low-
voltage spectra of the cyclohexanols themselves, owing to the low
appearance potential of the M+ — 1 ion of cyclohexanol. Con-
sequently, small amounts of 4 and 5 were oxidized to the corre-
sponding ketones,? 3,3,5,5-ds-cyclohexanone (899, di, 119, ds)
and 4,4-d,-cyclohexanone (869, dz, 139 dy, and 19, ds), respec-
tively.

The mass spectrum of O-di-cyclobexanol (1, 869, di, 149, dv)
was obtained as follows. Cyclohexanol was heated in deuterium
oxide to 100° for 1 hr; the resulting cyclohexanol was isolated
by ether extraction and introduced into the mass spectrometer

(12) D. H. Williams, H. Budzikiewicz, Z. Pelah, and C. Djerassi, Monatsh.,
96, 166 (1964).
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after previous exchange of the inlet system with several samples
of deuterium oxide.
The isotopic purities of 1-5 are summarized in Table V.

TaBLE V
Isoropic PURITIES OF DEUTERATED CYCLOHEXANOLS

o7,
©

Compd do di d2 ds di
1 14 86
2 2 98 N Ces
3 3 97
4 e ces . 11 89
5 1 13 86

Registry No.—Cyclohexanol, 108-93-0;  water,
7732-18-5; 1, 14848-87-4; 2, 21273-02-9; 3, 21273-03-0;
4, 21273-04-1; 5, 21273-05-2.
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Lithium borohydride reacted with ethyl 5,5-bis(difluoramino)hexanoate to give 5,5-bis(difluoramino)hexanol,
and with 1,3,3-tris(difluoramino)butane to give 3,3-bis(difluoramino)butylamine, isolated as the trifluoroacetate.
Hydrolysis of ethyl 5,5-bis(difluoramino)hexanoate with hot alkali gave 5,5-bis(difluoramino)hexanoic acid.
This ester reacted with methanolic hydrazine to give the hydrazide, which was nitrosated to form the azide, which,

in turn, was converted into the isocyanate and to 4,4-bis(difluoramino)pentylurea.

Reduction of 2,2-bis(difluor-

amino)-5,5,5-trinitropentane with alkaline peroxide gave 2,2-bis(difluoramino)-5,5-dinitropentane, which was
hydrolyzed to 4,4-bis(difluoramino)pentanoic acid. Reduction of cycloalkyl difluoramines with lithium alu-

minum hydride gave primary and rearranged secondary amines.

Dimethyl N-phenyliminocarbonate was ob-

tained from reactions of methoxide with «,a-dichloro-e-difluoraminotoluene, a-bromo-a,a-bis(difluoramino)-

toluene, and «,a-dibromo-a-difluoraminotoluene.
with ammonia or sodium 2-propanenitronate.

The synthesis of gem-bis(difluoramino) compounds
by the reaction of carbonyl compounds with difluor-
amine has recently been reported.? 1,1-Bis(difluor-
amino)-1-halo compounds and 1-difluoramino-1,1-
dihalo compounds were prepared by replacement reac-
tions of halo, nitro, and nitroso compounds with di-
fluoramine.»* The present paper deals with some
chemical properties of these compounds and their abil-
ity to withstand reaction conditions encountered in
some common chemical transformations of other func-
tional groups.

The effect of reducing agents on difluoramino groups
has been studied by several groups. The reduction of
tertiary difluoramino compounds by titanous ion gave
fragmentation products indicative of nitrene intermedi-
ates, e.g., acetone and methylamine from ¢-butyldi-
fluoramine.* The formation of fluorimines from o-
halodifluoramines has been reported using pyridine’
iodide ion,® ferrocene,” and iron carbonyl® Simple pri-

(1) This work was supported by the Office of Naval Research and the
Advanced Research Projects Agency.

(2) K.Baum, J. Amer. Chem. Soc., 80, 7083 (1968).

(3) K. Baum, J. Org. Chem., 84, 2046 (1969).

(4) K. Baum, 1bid., 34, 2049 (1969).

(6) R.C.Petry and J. P. Freeman, ibid., 88, 4034 (1967).

(8) R. L. Rebertus, J. J. McBrady, and J. G. Gagnon, tbid., 38, 1944
(1987).

The latter was converted into a-bromo-a-fluoriminotoluene

mary and secondary alkyldifluoramines are readily de-
hydrofluorinated to give nitriles and fluorimines, re-
spectively, although teritary alkyldifluoramines are rel-
atively stable toward base.>?

The reactivity of internal gem-bis(difluoramino)al-
kanes was screened in test-tube experiments using 2,2-
bis(difluoramino)octane as a model compound. The
starting material was recovered after 20 hr at ambient
temperature from methanol solutions of hydrazine, so-
dium nitrite, and sodium azide, from a slurry with aque-
ous sodium borohydride, and from an ether solution of
the more powerful reducing agent,” lithium borohy-
dride. The compound did not react with aqueous po-
tassium iodide, but when acetonitrile containing 10%,
water was used as the solvent, iodine was liberated
slowly (several days for completion). The compound
was reduced by lithium aluminum hydride but the pro-
ducts were not determined.

Using conditions under which the difluoramino

(7) R. A. Mitsch, J. Amer. Chem. Soc., 87, 328 (1965).

(8) V. A. Ginsburg and K. N, Sirnov, Zh. Obshch. Khim., 87, 1413 (1967).

(9) F. A. Johnson, C. Haney, and T. E. Stevens, J. Org. Chem., 82, 466
(1967); G. N. Sausen and A. L. Logothetis, tbid., 88, 2330 (1968); A. L.
Logothetis and G. N. Sausen, ibid., 81, 3689 (1966); S. K. Brauman and
M. E. Hill, J. Amer. Chem. Soc., 89, 2127 (1867); A. 8. Filatov and M. A.
Englin, Zh. Obshch. Khim., 88, 1408 (1968).

(10) R. F. Nystrom, 8. W, Chaikin, and W. G. Brown, J. Amer. Chem.
Soc., T1, 3245 (1949).



