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through an 18-in. packed column gave unchanged tetra-
methyleyclobutanedione and 263 g. (61%) of 2,2,4,4-tetra~
methyl-3-phenyliminocyclobutanone (X), b.p. 124-125°
(7 mm.), n¥y 1.5165.

Anal. Caled. for G, HuyNOQ: C, 78.1; H, 8.0; N, 6.5.
Found: C, 77.8; H, 7.9; N, 6.4.

The infrared spectrum had bands at 5.55 p (cyclobuta-
none) and 5.9 u (C==N, where carbon is part of strained ring).

The distillation residue (98 g.) crystallized on cooling.
After recrystallization from ethyl alcohol, 81 g. (28%) of
2,2,4,4-tetramethyl-N,N’-diphenyl-1,3-cyclobutanediimine,
m.p. 140-142°, was recovered. ‘

2.9,4,4-Tetramethyl-N,N '~diphenyl-1,3-cyclobulanediimine

(XI). A solution of 140 g. of tetramethyl-1,3-cyclobutane-
dione, 232.5 g. of aniline, and 5 g. of p-toluenesulfonic acid
in 700 ml. of toluene was refluxed through a 10-in. packed
column equipped with a Dean-Stark trap. The theoretical
amount of water (36 ml.) was collected in 8 hr. The reaction
solution was washed with sodium bicarbonate solution and
with water, dried over magnesium sulfate, filtered, and evap-
orated on the steam bath. The residual slurry of crystals
was filtered and the crystals were washed with cold hexane.
The crude product, 221 g. (76%), melted at 137-140°. An
analytical sample, prepared by two successive recrystalliza~
tions from ethyl alcohol, melted at 141-142°.

Anal. Caled. for CxHaN,: C, 82.7; H, 7.6; N, 9.7. Found:
C, 82.6, H, 7.4; N, 9.6.

The infrared spectrum contained a doublet at 5.9 and 5.95
pindicative of C=N (carbon in strained ring).

8-Anilino-2,2,4,4-tetramethylcyclobuianol (XII). A solution
of 100 g. of 2,2,4,4-tetramethyl-3-phenyliminocyclobutanone
(X) in 300 ml. of ethyl alcohol was hydrogenated over 20 g.
of copper chromite (Harshaw Chemical Company Cu-1106
P) catalyst in a rocking autoclave for 4 hr. at 175° and under
5000 p.s.i. pressure of hydrogen. The hydrogenation mixture
was filtered to remove the catalyst, and the filtrate was
distilled through an 18-in. packed column to give 9.4 g. of
forerun, b.p. 122-139° (3 mm.), and 76.0 g. (75%) of 3-
anilino-2,2,4,4-tetramethylcyclobutanol, b.p. 131-132° (1.5

BANERJEE AND CHAUDHURY

voL. 26

mm.). The material solidified slowly on standing at room
temperature.

Anal, Caled. for C,HaNO: C, 76.7; H, 9.7; N, 6.4; neut.
equiv., 219. Found: C, 76.7; H, 9.8; N, 6.4; neut. equiv., 219.

The infrared spectrum of this product, compared with that
of the starting material, showed complete removal of absorp-
tion at 5.55 4 (C=0) and 5.9 u (C=N). A new doublet
(N—H and —OH) appeared at 2.8 and 2.9 u.

2,24, 4-Tetramethyl-N,N'-diphenyl-1,3-cyclobutanediamine
(XIII). A solution of 30 g. of 2,2,4,4-tetramethyl-N,N'-
diphenyl-1,3-cyclobutanediimine (XI) in 75 ml. of bensgene
was hydrogenated in a rocking autoclave over 5 g. of Raney
nickel catalyst at 100° and under 1500 p.s.i. pressure of
hydrogen for 2 br. The product was filtered and evaporated
on the steam bath to 30 g. of viscous residue, which slowly
crystallized. The infrared spectrum of this crude 2,244~
tetramethyl-N,N ‘-diphenyl-1,3-cyclobutanediamine showed
complete disappearance of the doublet at 5.9 and 595 u
(C=N) and appearance of a new band at 2.9 x (N—H).
The crude product was purified by recrystallization from
petroleum ether and then from ethyl alcohol; 10.7 g. was
recovered, m.p. 109-111°.

Anal. Caled. for CxHxNs: C, 81.6; H, 8.9; N, 9.5; neut.
equiv., 147. Found: C, 81.4; H, 9.0; N, 9.5; neut. equiv.
(titration with perchloric acid), 146.

The residue from the recrystallisations was a viscous oil
that continued to crystallize very slowly. Presumably, the
hydrogenation product was a mixture of cis and irans iso-
mers.
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3,4-Dimethoxy-2-aminophenethyl alcohol (IV) was prepared by the reduction of methyl 2-nitrohomoveratrate successively
with lithium aluminum hydride and sodium dithionite. In an alternative procedure, the reduction of 2-nitrohomoveratroyl
chloride with sodium borohydride followed by sodium dithionite gave IV. On diazotization, Sandmeyer reaction and hy-
drolysis, IV afforded 3,4-dihydro-7,8-dimethoxyisocoumarin (V).

Interest in the chemistry of the dihydroiso-
coumarins, without any substituent in the lactone
ring, stems from the studies in this laboratory, of
the naturally occurring glucoside, blepherin,t
which has been shown to be the first dihydrofurano-
dihydroisocoumarin to be detected in nature.
Before attempting to synthesize the natural product
it was thought desirable to synthesize a series of
dimethoxydihydroisocoumarins having no substit-
uent in the. lactone ring and to compare their
properties with those of the blepherigenin dimethyl

(1) D. N. Chaudhury, J. Indian. Chem. Sec., 35, 612
(1958).

ether.! The limited number of synthetic dihydro-
isocoumarins reported in the literature have sub-
stituents in the lactone ring. However, an obvious
analogy with the use of 1-(2-amino-3-methoxy-
phenylpropan-2-0l by Blair and Newbold? in
the synthesis of 3,4-dihydro-8-methoxy-3-methyl-
isocoumarin suggested 3,4-dimethoxy-2-amino-
phenethyl aleohol (IV) as an intermediate from
which it was possible to achieve the synthesis of
3,4-dihydro-7,8-dimethoxyisocoumarin (V).

(2) J. Blair and G. T. Newbold, J. Chem. Soc., 2871
(1955).
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2-Nitrchomoveratric acid*~% (IId), the starting
material for this work, was prepared from O-
acetyl-2-nitrovanillin (Ia), through the

OCH OCH,
Rotjimz CH30\©:N02
CHO R
I 11
Ia. R = CH,CO IIa. R = CHO
b.R = H b. R = COOH

C. R = CH:CONH,
d. R = CH,COOH
e. R = CH,COOCH,
{f. R = CH,CH.OH

intermediates Ib, IIa, IIb and Ilc, in improved
yields by modifying the procedure of Hay and
Lobo® at three stages: (a) the deacetylation of Ia
was done with 50%, hydrochloric acid to cut down
the two-hour time period of hydrolysis to one-half
hour, (b) the Wolff rearrangement of «-diazo-3,4-
dimethoxy-2-nitroacetophenone® was effected in a
way to raise the 22.99, yield of Ile to 529, and
(c) the interaction of IIc with nitrous acid was
carried out in 509, sulfuric acid, instead of con-
centrated acid, to afford IId in 949, yield as
against 69.7%,.

IId was converted to 3,4-dimethoxy-2-amino-
phenethyl alcohol (IV) by two different methods:

OCHa OCHS

CHSO\@N=NKE/OCH3

CH,; CH;
CH,0H CH.0H
I

OCH, CH:0 O
CH;0

CHso\dan \d}
CH,CH,OH

v \4

Method (a). IId was transformed to methyl 2-
nitrohomoveratrate (Ile) by treatment with excess
ethereal diazomethane. The selective reduction of
the nitro group of Ile to yield the corresponding
amino ester was not undertaken to avoid the for-
mation of oxindole. Since aromatic nitro compounds
are reduced by lithium aluminum hydride to the
azo compounds,® we decided to reduce both the
nitro and the ester groups of Ile with lithium
aluminum hydride in one step with a view to ob-
taining 2,3,2'-3'-tetramethoxy-6,6'-dihydroxyethyl-
azobenzene (III), the azo group of which could
subsequently be subjected to reductive cleavage

(38) F. W. Kay and A. Pictet, J. Chem. Soc., 947 (1913).

(4) S. F. McDonald, J. Chem. Soc., 376 (1948).

(6) D. H. Hay and L. C. Lobo, J. Chem. Soc., 2246
(1954).

(6) R. F. Nystrom and W. G. Brown, J. Amer. Chem.
Soc., 70, 3738 (1948).
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by sodium dithionite to give the amino alcohol
(IV). The reduction of Ile, however, gave a dark
red syrup which could not be induced to erystallize.
Chromatography of the syrup in benzene solution
over a column of alumina yielded two fractions—a
pale yellow oil and a deep red gum. The red gum,
presumably the azo alcohol (III), which failed to
crystallize, was next treated with sodium dithionite
when the azo group was cleaved to form 3,4-
dimethoxy-2-aminophenethyl alcohol (IV), isolated
as its hydrochloride, m.p. 205-206° and charac-
terized as 3,4-dimethoxy-2-p-nitrobenzamidophen-
ethyl p-nitrobenzoate, m.p. 226°.

The pale yellow oil was identified as 2-nitrohomo-
veratryl aleohol (IIf) by comparison with a specimen
prepared by an independent route as described in
method (b). It was characterized as its p-nitro-
benzoate, m.p. 191°. IIf has obviously been formed
from a portion of ITe by the reduction of the ester
group with lithium aluminum hydride while the
nitro group remained unaffected.

Method (b). The acid chloride, obtained by the
interaction of 2-nitrohomoveratric acid (IId) with
thionyl chloride, was reduced with sodium boro-
hydride in accordance with the method of Chaikin
and Brown’ to give 2-nitrohomoveratryl alcohol
(1If). Its p-nitrobenzoate, m.p. 190°, undepressed
on admixture with the specimen prepared by the
method (a). IIf was reduced with sodium dithionite
to the amino aleohol (IV), isolated as its hydro-
chloride and characterized as 3,4-dimethoxy-2-
p-nitrobenzamidophenethyl p-nitrobenzoate, m.p.
226°, undepressed on admixture with the sample
prepared by method (a).

As ITf and IIT were separately reduced by sodium
dithionite to the amino alcohol (IV), the lithium
aluminum hydride reduction product of Ile,
which has been shown to be a mixture of IIf and
III was, in another experiment, directly reduced
with sodium dithionite without separation, to
yield IV.

Finally, diazotization of IV, conversion into the
nitrile (which was not purified) and subsequent
alkaline hydrolysis followed by acidification gave
3,4-dihydro-7,8-dimethoxyisocoumarin (V), m.p.
92°, in 50.69, yield.

EXPERIMENTALS

2-Nitrovanillin (Ib). Deacetylation of Ia (15 g.) was
effected by boiling with 509, hydrochloric acid (150 ml.)
for 0.5 hr. when a clear solution was obtained. On cooling,
Ib (10 g., 819%,) separated as yellow needles, m.p. 137-138°
(lit.* m.p. 137°).

38,4~-Dimethoxy-2-nitrophenylacetamide (IIc). A solution of
w-diazo-3,4-dimethozy-8-nitroacetophenone® (3 g.) in dioxane
(40 ml.) was treated successively with ammonia (30 ml.;
d, 0.88), 10% aqueous silver nitrate (6 ml.) and methanol

(7) 8. W. Chaikin and W. G. Brown, J. Amer. Chem.
Soc., 71, 122 (1949).

(8) All melting points are uncorrected; microanalyses
by Dr. Gore, University of Bombay.
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(4 ml.) at 55-60°. After 1.5 hr. when the evolution of nitro-
gen subsided, 109, aqueous silver nitrate (2 ml.) was added,
the bath temperature being maintained for an additional
period of 1.5 hr. The reaction mixture was again treated
with 109 aqueous silver nitrate (2 ml) and ammonia
(2 ml,; d, 0.88) and refluxed for 10 min., filtered hot, and
the red-colored filtrate evaporated to dryness on a water
bath. The dark solid residue was extracted with boiling
water (2 X 100 ml.) and filtered. The filtrate immediately
deposited IIc as colorless needles which were collected on
cooling; yield 1.5 g. (52%), m.p. 152° (lit.* yield 22.9%:;
m.p. 150-151°).

2-Nitrohomoveratric acid (1Id). An ice-cooled solution of
Ilc (3 g.) in 509, sulfurie acid (300 g.} was treated dropwise
with 5% aqueous sodium nitrite (60 ml.) with stirring.
On adding more than half the nitrite solution, 2-nitrohomo-
verairic acid (IId) started separating from the reaction
mixture, as a white precipitate. Stirring of the cooled
reaction mixture was continued for 15 min. after the addi-
tion of the nitrite solution was completed. At the end of this
period, the white precipitate was filtered, washed with ice
cold water, and dried at 110° to give the crude acid IId
(2.56 g.). An additional amount of IId (0.3 g.) was recovered
by ether extraction of the filtrate. The combined crude
product (2.86 g.; yield, 94%; 1it.8 yield 69.7%) on crystalliza-
tion from water gave IId (2.61 g; yield 87%,) in glistening
flakes, m.p. 145-146° (lit.5 m.p. 144-146°).

2-Nitrohomoveratryl alcohol (1If). A mixture of IId (1 g.),
dry chloroform (10 ml.) and redistilled thionyl chloride
(6 ml.) was refluxed at 70° on the water bath for 2 hr.
The chloroform was removed by distillation under reduced
pressure at 30° and the excess thionyl chloride removed
by repeated codistillation with benzene, under reduced
pressure. The red viscous liquid thus obtained was kept
overnight in vacuo over caustic pellets.

The solution of the acid chloride in dry tetrahydrofuran
(10 ml.) was added dropwise to a stirred ice cold suspension
of sodium borohydride (0.1 g.) in dry tetrahydrofuran (10
ml.). The mixture was kept at room temperature for 0.5
hr. and then refluxed on water bath for 0.5 hr., cooled and
then decomposed with water. The reaction solution was
repeatedly extracted with ether and the ether extract washed
thoroughly with aqueous sodium carbonate and dried over
anhydrous sodium sulfate. Evaporation of the ether left
a red oil which on vacuum distillation gave IIf as a pale
yellow oil (0.76 g., 81%), b.p. 147°/0.05 mm.; n% 1.5158.

Anal. Caled. for C,H;;0:N: C, 52.8; H, 5.7; Found:
C, 52.3; H, 5.4.

2-Nitrohomoveratryl p-nitrobenzoate was obtained in the
usual way by treating IIf with p-nitrobenzoyl chloride in
presence of pyridine. It crystallized from ethyl acetate—
petroleum ether (b.p. 60-80°) as irregular plates, m.p.
191°.

Anal. Caled. for CyHieOsNa: C, 54.2; H, 4.2; Found:
C, 53.6; H, 3.8.

Methyl 2-nitrohomoverairate (Ile). To a solution of IId
(4.8 g.) in methanol (50 ml.) excess ethereal diazomethane
(prepared from 6 g. of nitrosomethylurea) was added until
the solution assumed a deep yellow coloration; it was kept
overnight at room temperature. The solution on evaporation
left a yellow oily residue which when purified by vacuum
distillation yielded IIf as a pale yellow oil (4 g., 80%),
b.p. 154°/0.05 mm.; n%’ 1.5230.

Anal. Caled. for CuHi:0eN: C, 51.7; H, 5.1; Found:
C, 51.5; H, 5.0.

Lithium aluminum hydride reduction of (1If). A solution of
the nitro ester 1If (3.6 g.) in dry ether (50 ml.) was added
dropwise to a stirred suspension of lithium aluminum
hydride (0.9 g.) in dry ether (50 ml.), cooled to —15°, and
left overnight at room temperature. Unchanged lithium
aluminum hydride and the complex were decomposed by
careful portionwise addition of ice water (30 ml.) followed
by 2N sulfuric acid (85 ml.). The deep red ether layer was
separated and the aqueous layer was extracted with ether
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(4 X 25 ml). The ether extracts were combined, dried
over anhydrous sodium sulfate, and evaporated to a deep
red gum (3 g.). It was dissolved in a few milliliters of benzene
and chromatographed by passage through a column of
Brockmann alumina (35 g.). The column was eluted with
benzene and a pale yellow fraction was collected. The
fraction was cut with the appearance of a reddish tinge in
the washing and a second fraction which was colored red,
was subsequently collected till the washing became almost
colorless.

The pale yellow first fraction, on evaporation, afforded a
yellow oil (1.7 g.), identified as 2-nitroh atryl alcohol
(IIf) by preparing 2-nitrohomoveratryl p-nitrobenzoate,
in the usual way. It was erystallized from ethy! acetate—
petroleum ether (b.p. 60-80°) as irregular plates, m.p.
191°, undepressed on admixture with sample prepared as
under IIf.

The deep red gum (IIT 1 g.) from the second fraction,
which failed to crystallize, was reduced with sodium dithio-
nite as described below in method (a).

8,4-Dimethozy-2-aminophenethyl alcohol (IV). Method (a).
To the solution of III (1 g.) in methanol (25 ml.) and water
(10 ml.), sodium dithionite (2 g.) was added in portions.
The deep red color was immediately discharged to a pale
yellow solution. It was refluxed on a water bath for 15 min.
After distilling most of the methanol, the solution was
repeatedly extracted with ether, the yellow ether solution
then extracted with 509, hydrochloric acid (100 ml.) and
separated. The acid solution was cooled, overlaid with ether
(100 ml.), made basic carefully with ammonia (d, 0.88),
and vigorously shaken. The ether layer was separated and
the aqueous layer further extracted with ether (3 X 50 ml.).
The combined ether extracts were dried over anhydrous
sodium sulfate and the ether distilled to yield IV as a red oil
(0.6 g.). The oil was dissolved in dry ether (25 ml.), chilled
to —15° and dry hydrogen chloride bubbled through.
The amine hydrochloride (0.5 g., 45%,) separating as dark
needles, was crystallized from methanol-ether. It was further
purified by vacuum sublimation (bath temp. 140°/0.05 mm.)
as white needies, m.p. 205-206° dec. with previous darken-
ing at 200°.

Anal. Caled. for C,H;sO;NCl: C, 51.4; H, 6.9. Found:
C, 50.7; H, 7.0.

Interaction of IV in ether with a benzene solution of
p-nitrobenzoyl chloride in presence of pyridine afforded
3, 4-dimethozy-2-p-nitrobenzamidophenethyl  p-nitrobenzoate,
needles from ethyl acetate, m.p. 226°.

Anal. Ca.lcd. for Cz;HmOgNa: C, 582; H, 42 FOlllld:
C, 57.9; H, 4.6.

Method (b). 2-Nitrohomoveratry! alcohol (IIf) (1 g.) in
methanol (25 ml.) and water (10 ml.) was refluxed with
sodium dithionite (3.5 g.) for 0.5 hr. During this period,
water (10 ml.) was added in installments to dissolve the
sodium dithionite when a clear solution was obtained. Tt
was cooled, the methanol distilled and the aqueous solution
extracted with ether (3 X 50 ml.). The ether solution was
treated as in method (a) to isolate the amino alcohol IV as
its hydrochloride (0.7 g., 709%).

IV was characterized as 3,4-dimethoxy-2-p-nitrobenzamido-
phenethyl p-nitrobenzoate, m.p. and mixed m.p. 225°, pre-
pared as in method (a).

In one experiment, the nitro ester (1If) (1 g.) was treated
with lithium aluminum hydride (0.25 g.) in dry ether and
worked up in accordance with the procedure described ear-
lier. The red gummy product was next dissolved in methanol
(25 ml.) and reduced with sodium dithionite (3.0 g.) and
the hydrochloride of IV (0.5 g.) was isolated as detailed in
method (b).

3,4-Dihydro-7,8-dimethozyisocoumarin. (V). In a manner
similar to the procedure of Blair and Newbold,? the hydro-
chloride of IV (0.380 g.) in hydrochloric acid (0.38 ml.;
d, 1.16) and water (9 ml.) was diazotized with sodium nitrite
(0.120 g.) in water (1 ml.) at 0°. After neutralization with
anhydrous sodium carbonate, the diazonium solution was
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added to a solution of potassium cyanide (0.380 g.), nickel
chloride (0.300 g.), and anhydrous sodium carbonate
(0.1 g.) in water (10 ml.) at 15° with stirring. The mixture
allowed to stand for 2 hr. and then heated at 70° for 0.5 hr.
The cooled reaction solution was extracted with ether
(4 X 25 ml.); the combined ether extract dried over an-
hydrous sodium sulfate and ether removed by distillation to
give a gum. The gum was refluxed with aqueous caustic
potash (20 ml.; 10%,) for 5 hr., cooled, and acidified with
concentrated hydrochloric acid (Congo red). The acidified
solution was filtered from insoluble matter and repeatedly
extracted with chloroform; the combined extracts were
dried over anhydrous sodium sulfate. Evaporation of the
solvent gave a gum which slowly solidified in an ice chest,
m.p. 65-66°. Vacuum sublimation at 110-115°/0.05 mm,
vielded a white solid, m.p. 86-88°. It was crystallized from
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petroleum ether (b.p. 40-60°) with a few drops of chloro-
form (ice chest) when 3,4-dihydro-7,8-dimethoxyisocoumarin
(V) was obtained as rectangular prisms (0.130 g.; 50.6%,),
m.p. 92°.

Anal. Caled. for CyH;20s: C, 63.4; H, 5.8. Found: C,
63.2; H, 5.8.

The infrared spectrum (chloroform solvent) had a band
at 5.88 u (conjugated s-lactone.).
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coumarin (V).
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Biphenyl was chlorinated under a wide range of conditions. The ortho-para ratios were observed to rise sharply with increas-

ing meta-para ratio. Explanations are discussed.

Although the halogenation of biphenyl has re-
ceived only moderate attention in the past thirty
years,'~% we felt it would be a convenient system
with which to study the chlorination process. In
this paper we report the results of a detailed exam-
ination of the chlorination of biphenyl, 2-chloro-
biphenyl, and 4-chlorobiphenyl. These results have
permitted us further insights into the electrophilic
aromatic substitution process.

RESULTS AND DISCUSSION

Biphenyl, 2-chlorobiphenyl, and 4-chlorobiphenyl
were chlorinated under a wide range of conditions
and the results are recorded in Tables I, I1, and IIT,
respectively.

Table I is arranged in descending order of !/,
m/p ratios and represents, therefore, a scale of
chlorinating agent reactivity* and Lewis acid
strength. The order of Lewis acid strength is in
good agreement with previous reports.>~7 Attention
should be called to the sulfuric acid-silver sulfate
system which falls in the middle portion of the scale.

(1) R. L. Jenkins, R. McCullough and C. F. Booth, Ind.
Eng. Chem., 22, 31 (1930).

(2) P. B. D. DeLaMare and M. Hassan, J. Chem. Soc.,
3004 (1957).

(3) P. S. Varma and M. Krishnamurti, J. Indian Chem.
Soc., 14, 156 (1937).

(4) H. C. Brown and K. L. Nelson, J. Am. Chem. Soc.,
75, 6292 (1953).

(5) D. L. Hawke and J. Steigman, Anal. Chem., 26, 1989
(1954).

(6) 0. C. Dermer, D. M. Wilson, F. M. Johnson, and
V. H. Dermer, J. Am. Chem. Soc., 63, 2881 (1941).

(7) J. L. Cotter and A. G. Evans, J. Chem. Soc., 2988
(1959).

This system has been reported to involve a positive
specie as chlorinating agent® and seems to be simi-
lar, at least in 1/; m/p ratio, to acid-catalyzed halo-
genation by hypohalous acids.2® Since the Y/, m/p
ratios in Table I continue to increase, it is unlikely
that chloronium ion is involved in this system or in
any of the examples. Some form of complexing be-
tween chlorine molecule and acid is probably in-
volved in each case.

Changes in 1/, m/p ratio can be correlated with
1/, 0o/p ratio changes. As the 1/» m/p ratio increases,
the 1/, o/p ratio increases precipitously, then levels
out just below unity (Fig. I). This relationship can
be rationalized in several ways. One explanation is
based on the arguments of Ingold,’® Waters,!!
Remick,'? and DelaMare,!® suggesting that the
transition state for substitution para to an ortho-
para-directing conjugative substituent is more
stable than the ortho transition state as a result of
conjugative effects. The magnitude of this para
preference would be approximated by the examples
at the bottom of Table I where conjugative effects
are expected to be large. If the above assumption is
correct the !/, o/p ratio should gradually rise with
increasingly reactive chlorinating agents, and this

(8) J. H. Gorvin, Chem. & Ind., 910 (1951).

(9) P. B. D. De La Mare and J. H. Ridd, Aromatic Sub-
stitution, Academic Press, New York, 1959, Chap. 9.

(10) C. K. Ingold, Structure and Mechanism in Organic
Chemistry, Cornell Univ. Press, Ithaca, New York, 1953,
pp. 267-269.

(11) W. A, Waters, J. Chem. Soc., 727 (1948).

(12) A. E. Remick, Electronic Interpretations of Organic
Chemistry, Wiley, New York, 2nd ed., 1949, pp. 366-369.

(13) Ref. 9, pp. 145 and 167.



