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Carbanions. XI. Reactions of 4-Chloro-l,l,I-triphenylbutane,
5-Chloro-l,1,1-triphenylpentane, antJ1,1,1-Triphenylethane
with Alkali Metals. 1,4 and 1,5 Migration of Phenyl12

Erling Grovenstein, Jr.,* James A. Beres,3Yao-Ming Cheng, and James A. Pegolotti3
School of Chemistry, Georgia Institute of Technology, Atlanta, Georgia 30332
Received August 31, 1971

Whereas 1,2 migrations of phenyl are known in carbanions, corresponding 1,4 and 1,5 migrations have not been
reported. In the present work such rearrangements were looked for in the reactions of 4-chloro- and 5-chloro-
1,1,1-triphenylalkanes with alkali metals. Reaction of 4-chloro-l,l,I-triphenylbutane with lithium in tetrahy-
drofuran (THF) at —50 to —60° gives 4,4,4-triphenylbutyllithium; when the latter is warmed to 25° 1,1,1-
triphenylbutane, but no detectable products of rearrangement, is obtained. With potassium metal in THF at
reflux temperature, this chloride gives chiefly I, I-diphenvl-1,2,3,4-tetrahydronaphthalene; with Cs-K alloy at
—49°, the initial product is 1,1,1-triphenylbutane along with some 9% of 1,1,4-triphenylbutyl anion (product of
1,4-phenyl migration). Reaction of 5-chloro-l,1,1-triphenylpentane with potassium or with Cs-K and Cs-K-Na
alloys in THF gives primarily 1,1,1-triphenylpentane as initial product along with (for cesium alloys) some 6%
of a product of 1,5 migration of phenyl. 2-Chloro-l,1,I-triphenylethane with Cs-K-Na alloy in THF at —65°
gives chiefly 1,1,2-triphenylethyl anion (product of 1,2-phenyl migration). Reaction of 1,1,1-triphenylethane
with Cs-K-Na alloy in THF at —70° gives a novel red dianion which upon protonation gives 9-methyl-9-phenyl-

2,4a,4b,7-tetrahydrofluorene in high yield as a single stereoisomer.

butane and 1,1,1-triphenylpentane.
metal are discussed in terms of likely mechanisms.

Previous work has shown that 2,2,2-triphenylethyl-
lithium4 in tetrahydrofuran solution undergoes rear-
rangement to 1,1,2-triphenylethyllithium by an intra-
molecular process,ma apparently via a cyclic transition
state or reaction intermediate63such as 1. In view of

CH,

1 2 3

the observed ready 1,2 migration of phenyl in this and
other carbanions,6it would be expected that correspond-
ing 1,4 and 1,5 migrations of phenyl might also occur,
thus via 2 and 3, respectively. The present work was
undertaken to test these possibilities.

(1) Abstracted in part from the M.S. Thesis of Y.-M. Cheng, Georgia In-
stitute of Technology, 1967.

(2) Presented in part at Metrochem 69, Regional Meeting of the American
Chemical Society, New York, N. Y., May 2, 1969.

(3) National Science Foundation Summer Faculty Research Participant.

(4) E. Grovenstein, Jr., and L. P. Williams, Jr., 3. Amer. Chem. Soc., 83,
412 (1961).

(5) (a) E. Grovenstein, Jr., and G. Wentworth, ibid., 89, 1852 (1967); (b)
ibid., 89, 2348 (1967).

(6) See also H. E. Zimmerman and A. Zweig, ibid., 83, 1196 (1961).

Similar reactions occur with 1,1,1-triphenyl-

These reactions and some of the interesting variations with choice of alkali
The synthetic utility of cesium alloys is emphasized.

Results and Discussion

Reactions of 4-Chloro-l,lI-triphenylbutane with
Alkali Metals.—Lithium metal reacts with 4-chloro-
1,1,1-triphenylbutane in tetrahydrofuran at —50 to
—60° to give 4,4,4-triphenylbutyllithium, as deduced
from carbonation which gave 5,5,5-triphenylpentanoic
acid. Attempts to effect thermal rearrangement of this
organolithium compound to 1,1,4-triphenylbutyllithium
in tetrahydrofuran solution at 0° or at 25° were unsuc-
cessful, although a temperature of 0° had proven ade-
quate for rearrangement of 2,2,2-triphenylethyl-
lithium.4 The reaction at 25° gave upon carbonation a
product which contained predominantly neutral prod-
ucts and only 4% by weight of acidic material in which
46% of 5,5,5-triphenylpentanocic acid, but no 2,2,5-
triphenylpentanoic acid, was found. The volatile neu-
tral material contained predominantly 1,1,1-triphenyl-
butane and a little starting chloride. Thus, 4,4,4-
triphenylbutyllithium in tetrahydrofuran extracts a
proton from the solvent to give 1,1,1-triphenylbutane
much faster than it rearranges to 1,1,4-triphcnylbutyl-
lithium.

Since previous work4 had indicated that 2,2,2-tri-
phenylethylpotassium undergoes 1,2 migration of
phenyl much more readily than the corresponding lith-
ium compound, reaction of 4-chloro-l,l,I-triphenyl-
butane with molten potassium in refluxing tetrahydro-
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furan was studied. The reaction was terminated by
carbonation after 20 min and gave some 90% vyield of
neutral products and 10% of carboxylic acids.
Analysis of the neutral product by gas-liquid partition
chromatography (glpc) indicated that the volatile
portion contained 84% of I,I-diphenyl-l,2,3,4-tetra-
hydronaphthalene and 14% of 1,1,1-triphenylbutane.
The structure of I,I-diphenyl-1,2,3,4-tetrahydronaph-
thalene was confirmed on the purified product by melt-
ing point and spectral comparisons with an authentic
sample.7 The acidic fraction according to glpc analysis
(of the methyl esters) contained small quantities of di-
phenylacetic acid, 2,2-diphenylpentanoic acid, tri-
phenylacetic acid, and 2,2,5-triphenylpentanoic acid,
and many unidentified acids. The present work indi-
cates that 4,4,4-triphcnylbutylpotassium (4) in refluxing
tetrahydrofuran cyclizes to the spiro anion 2, which
ultimately vyields 1,1,4-triphenylbutyl anion 5 in a
yield of less than 1%; the predominant cyclization of 4
gives hydronaphthalene anion 6, which loses hydride
ion to give l,I-diphenyl-1,2,3,4-tetrahydronaphthalene
(7) (Scheme 1). The reaction of 4-chloro-l, 1,1-tri-

phenylbutane with potassium to yield the tetrahydro-
naphthalene 7 is somewhat analogous to the reaction8
of 3-methyl-3-phenyl-l-chlorobutane with potassium
in refluxing cyclohexane to give a low yield of 1,1-di-
methylindan (along with much 2,5-dimethyl-2,5-
diphenylhexane).

Since the extent of cyclization of carbanion 4 to 2
Vvs. 6 is likely to depend upon the temperature and the
alkali metal, other conditions of reaction were studied.
Reaction of 4-chloro-l,1,I-triphenylbutane with liquid
sodium-potassium alloy in tetrahydrofuran near 0°
gave some 70% yield of carboxylic acids; the volatile
portion of these acids according to analysis by glpc
contained some 22% of 2,2-diphenylpentanoic acid,
3.7% of triphenylacetic acid, 5.5% of 2,2,5-triphenyl-
pentanoic acid, and three major unidentified acids.
The neutral fraction contained 7,9 unreacted chloride,
and cleavage products.

(7) E. A. Braude, L. M. Jackman, R. P. Linstead, and G. Lowe, J. Chem.
Soc., 3128 (19G0).

(8) H. Pines and L. Schaap, J. Amer. Chem. Soc., 80, 4378 (1958). See
also G. Levin, J. Jagur-Grodzinski, and M. Szwarc, ibid., 92, 2268 (1970).

(9) Because 1,1-diphenyl-l,2,3,4-tetrahydronaphthalene and 1,1,4-tri-
phenylbutane had the same retention time under the glpc conditions studied,
this identification must remain somewhat tentative in this and other cases
in which the product was not characterized as a pure substances; however,
since 1,1,4-triphenylbutyl anion (like analogous anions which we have
studied) is expected to be stable in tetrahydrofuran under the conditions
used, we believe that the product is at least predominantly 1,1-diphenyl-

1,2,3,4-tetrahydronaphthalene because it appeared with the neutral products
from carbonation.
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Since the reaction with sodium-potassium alloy at
the lower temperature afforded increased yields of
acids relative to neutral materials over that obtained
with potassium metal, efforts were next extended to
study the reaction of 4-chloro-l,l,I-triphenylbutane
with alkali metals at still lower temperatures. In view
of the fact that reactions with finely divided potassium
in THF at —78° had previously proven unsuccessful4
because of agglomeration of the potassium metal, re-
actions with cesium and cesium alloys seemed to offer
promise. Cesium has a melting point of 28.5°; its
minimum-melting solid solution® with potassium (49
atom % K, 51 atom % Cs) has mp —45°; its ternary
eutecticll with sodium and potassium (11.8 atom %
Na, 47.4 atom % K, 40.8 atom % Cs) has mp —79°.
In a preliminary experiment 4-chloro-I, 1,1-triphenyl-
butane was allowed to react with the theoretical quan-
tity of cesium metal at 33 to 40° in THF for 15 min
before carbonation. There was obtained some 23%
yield of acids along with neutral products; the volatile
acids contained 2,2,5-triphenylpentanocic acid (6%),
elehvage products (43%), and unidentified acids. The
volatile neutral products contained 45% of 1,1,1-tri-
phenylbutane, 7.8% of 7,9and 35% of a novel product
which was ultimately shown (see later discussion) to be
9-phenyl-9-w-propylfluorene (9a). The high yield of
1,1,1-triphenylbutane as opposed to tetrahydronaph-
thalene 7 is of interest in comparison to the reaction
with potassium.

Reaction of 4-chloro-l,1,1-triphenylbutane with ex-
cess cesium-potassium alloy at —40° gave upon car-
bonation some 90% vyield of acids. Since the acids
proved to be a complex mixture, the reaction was re-
peated with decomposition by methanol rather than
carbon dioxide. The volatile neutral products con-
sisted of 32% of 1,1,1-triphenylbutane, 30% of 9a,
20% of  9-phenyl-9-n-propyl-2,4a,4b,7-tetrahydro-
fluorene (8a), and 8% of 1,1,4-triphenylbutane. A
duplicate run in vfliich the solution was briefly warmed
to —30° before protonation gave about the same yield
of 1,1,4-triphenylbutane (11%), but a higher vyield
(55%) of 9a. Reaction of 4-chloro-l,1,1-triphenyl-
butane at —45° with the theoretical amount of Cs-K
alloy for conversion of all the halide to organoalkali
compound gave upon carbonation a 36:64 ratio of
acids to neutral material. The volatile neutral product
consisted of 93% of 1,1,1-triphenylbutane and 4% of
the fluorene 9a. This run in conjunction with the
other runs with cesium suggests that 1,1,1-triphenyl-
butane is a major early product of the reaction of 4-
chloro-1,1,1-triphenylbutane and that reaction of this
hydrocarbon with excess Cs-K alloy leads to the
hydrofluorene and fluorene derivatives.

The identification of 9-phenyl-9-n-propylfluorene
and of 1,1,4-triphenylbutane from these reactions was
established by isolation of the products from meth-
anolysis and comparison with authentic samples.
The authentic sample of the fluorene was prepared by
alkylation12 of the potassium salt of 9-phenylfluorenel3
with n-propyl bromide; the sample of 1,1,4-triphenyl-

(10) C. Goria, Gazz. Chim. Hal., 65, 1226 (1935).

(11) F. Tepper, J. King, and J. Greer, “The Alkali Metals, An Interna-
tional Symposium Held at Nottingham on 19-22nd July, 1966, The Chemi-
cal Society, London, 1967, p 25.

(12) Cf. W. S. Murphy and C. R. Hauser, J. Org. Chem., 31, 85 (1966).

(13) A. Kliegel, Chem. Ber., 38, 284 (1905).
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butane was similarly prepared by alkylation of di-
phenylmethylpotassium with  3-phenyl-I-bromopro-

pane. The identity of the hydrofluorene s a rests upon
5
da b
[ 1 1 1
R Ph H R'Ph
I = nch7 9a, R = rc-CH7
1= nchs b, R = h-CH9
¢,R=CH, ¢,R=CH,

its conversion to 9a upon dehydrogenation by sulfur in
refluxing dimethylformamide, by bromine in hot
m-dibromobenzene or simply by distillation. We be-
lieve that this compound is 9-phenyl-9-n-propyl-
2,4a,4b,7-tetrahydrofluorene (sa) on the basis of our
more detailed studies upon the reaction of 1,1,1-tri-
phenylcthane with Cs-K-Na alloy (see later discus-
sion).

Reactions of 5-Chloro-l,lI-triphenylpentane with
Alkali Metals.—In view of the fact that 4-chloro-I,1,1-
triphenylbutane reacted with molten potassium in THF
to give a good yield of 1,1-diphenyltetrahydronaphtha-
lene (7) via the six-membered cyclic intermediate 6
(Scheme 1), it was hoped that a similar reaction of
5-chloro-l, 1,1-triphenylpentane would occur (Scheme
I1) via the six-membered cyclic spiro anion 3 to give

J. Org. Chem,, Vol. 37, No. 9, 1972 1283

butyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene (sb) and
of 9-n-butyl-9-phenylfluorene (9b), and 9% of cleavage
products.

In four runs upon 5-chloro-l,l,I-triphenylpentane
with excess Cs-K-Na alloy at —68°, the products of
decomposition with methanol or water were found to be
6 + 3% of 11, traces (3 £ 3%) of 12, and the remainder
(according to glpc analysis) a mixture of sb and 9b.
Since glpc analysis gave inconsistent ratios of tetra-
hydrofluorene to fluorene, the crude product was an-
alyzed by nmr; this analysis showed that all of the
fluorene derivative was present as 9-n-butyl-9-2 4a,-
4b,7-tetrahydrofluorene, since, after correction for the
known quantity of the triphenvilpentanes, the ratio of
aromatic to vinylic to allylic hydrogen was essentially
the theoretical, 5:6:6, as expected for structure shb.
The tetrahydrofluorene sb evidently dehydrogenated
partially to the fluorene 9b under our glpc conditions.
This dehydrogenation also occurs on storage, especially
on exposure as a thin film to light and air; most con-
veniently the dehydrogenation is effected by distilla-
tion in vacuo from a palladium-carbon catalyst at 115°.
The ease of dehydrogenation agrees well with structure
s b, since much more severe conditions are required to
dehydrogenate perhydrofluorenes to fluorenes.4 The
identity of 9b from these dehydrogenations was con-
firmed by isolation and comparison with an authentic
sample prepared by the reaction of the potassium salt

Scheme 11

C—CH,-.
XH2

|
K CH— CH,

CPhZCHXH,CHZCH3

12

ultimately the product 11 of 1,5 migration of phenyl,
the alternative ortho cyclization (to 13) would involve
formation of a seven-membered ring and hence was
judged unlikely. Reaction of 5-chloro-I, 1,1-triphenyl-
pentane with potassium in refluxing THF followed by
carbonation in fact gave only some 12% yield of car-
boxylic acids of which more than 90% were cleavage
products; the predominant neutral products consisted
of 60% of 1,1,1-triphenylpentane (12) along with mostly
cleavage products. It appears that the yield of 11 and
14, if any, did not exceed a few per cent.

The reaction of 5-chloro-I,1,1-triphenylpentane with
cesium alloys was also studied. The reaction with ex-
cess Cs-K alloy at —35° and with Cs-K-Xa alloy at
—68° in tetrahydrofuran followed by carbonation
gave, in each case, a high yield of a complex mixture of
carboxylic acids. These results, along with the deep
red color of the solutions, establish that a high yield of
carbanions is produced under these conditions. To
establish the structure of the anions, the products of
decomposition by methanol were determined. The re-
action with Cs-K alloy gave (according to glpc
analysis) 30% of 12, 7% of 11, 54% of a mixture of 9-n-

of 9-phenylfluorene with n-butyl bromide. While
1,1,5-triphcnylpentane was not isolated in the present
work, its presence was confirmed by its identity in
retention time with an authentic sample on two columns
upon glpc analysis.

In a further run 5-chloro-l,1,1-triphenylpentane was
allowed to react at —68° with only some 2 equiv of
Cs-K-Na alloy. The product from decomposition
with water contained 68% of 12, 22% of the usual
fluorenes (b and 9b), and small amounts of 11 and
unreacted chloride. The identity of the 1,1,1-tri-
phenylpentane (12) was confirmed by isolation. This
experiment suggests that 12 is the major product of
initial reaction of 5-chloro-I,1,1-triphenylpentane with
cesium alloy; further reaction of 12 with excess alloy
evidently gives rise to the precursor of the tetrahydro-
fluorene derivative.

To test this postulate, 12 was allowed to react with a
large excess of Cs-K-Na alloy at —60° under the usual
conditions. The reaction mixture upon decomposition
with methanol gave an almost quantitative yield of the

(14) F. Korte and O. Behner, Justus Liebigs Ann. Chem., 621, 51 (1959).
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tetrahydrofluorene s b, identical in all respects with the
major product from reaction of 5-chloro-I,l,I-tri-
phenylpentane with the alloy.

Reaction of 1,1,1-Triphenylethane with Cs-K-Na
Alloy. —While the carbon skeletons of the substances
previously referred to as “tetrahydrofluorenes” seem
established on the basis of their ready dehydrogena-
tion to fluorenes 9a and 9b, more evidence for the
structures of the tetrahydrofluorenes seemed desirable.
Toward this end the reaction of 1,1,1-triphenylethane
with Cs-K-Na alloy was studied in some detail, since
this reaction should, in terms of the previous discus-
sion, give a simple tetrahydrofluorene s c which might
be crystalline. In fact reaction at —70° in THF with
a large excess of Cs-K-Na alloy gave the usual deep
brown-red solution, which upon jetting into ice water
gave an almost quantitative yield of a product, mp
96.5-97.5°, of molecular weight and analysis corre-
sponding to the formula CZHD as expected for 9-
methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene (s ).

Further evidence for this structure is provided by
the nmr spectrum, which shows aromatic, vinylic,
allylic, and methyl hydrogens in a ratio of 5:6:6:3
as required by structure sc. Additional evidence is
provided by the ultraviolet absorption spectrum (in
ethanol) which exhibits Arex 258 nm (e 230) with typi-
cal benzenoid fine structure in the region of 247-268
nm and low absorbance even down to 220 nm (e 643);
this data shows that a benzene nucleus is present but
that conjugated chromophores such as of diene or
styrene type are missing. The combined nmr and uv
data imply that one phenyl group is still present but
that both of the other two phenyl groups of the reactant
have been converted into 1,4-dihydroaromatic systems.
In light of the fact that dehydrogenation under mild
conditions gives 9-methyl-9-phenylfluorene (9c), struc-
ture s cis the only structure possible which is concordant
with all of the data. It is obvious that structure s c can
exist in several stercoisomeric forms. These may be
classified according to whether the hydrogen atoms at
4a and 4b are cis or trans to one another; accordingly
there should exist two cis isomers (both meso) and one
trans-d/ pair. It is interesting to note that evidently
only one isomer is formed, in high yield, under the
present reaction conditions. Indirect evidence®B
strongly suggests that this is one of the two possible cis
isomers.

Decomposition of the red anion from reaction of
1,1,1-triphenylethane with Cs-K-Na alloy with D2
gave s c in which 1.5 of the usual six allylic protons had
been replaced by deuterium; this result implies that
two protons are transferred to the anion during decom-
position with protic solvents. The nmr spectrum at
100 MHz of the deuterated product showed two protons
at + 7.09 and 2.5 protons at r 7.36, while the ordinary
protium compound had two protons at r 7.09 and four
protons at r 7.29. We assign the protons at t 7.09 to
the hydrogen atoms at 4a and 4b, while the four pro-
tons in the broad peak at r 7.29 are assigned to the
protons on C-2 and C-7. On this basis the upheld’

(15) Reaction of 2,2-diphenylpropane with Cs—K—Na alloy under similar
conditions gives 9,9-dimethyl-2,4a,4b,7-tetrahydrofluorene, which shows
nmr absorption at two slightly different locations for the two methyl groups;
hence this product must have the hydrogens at 4a and 4b cis to one another
since in the trans isomer the two methyl groups are in equivalent positions
(unpublished work with Mr. Thomas H. Longfield).
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shift of 0.06 ppm in the location of the maximum for the
protons on C-2 and C-7 in the deuterium compound
might be attributed to a geminal deuterium isotope
effect (increased shielding by D over H). This effect
on proton resonances is typically 0.019 ppm toward
higher magnetic field, as observed in CH®, but may be
as high as 6.034 ppm, as in CDCOCHZXD .6 An alter-
native or additional reason for the large upheld shift
may be that protonation of the red carbanion is stereo-
specific and that, for example, protonation occurs ex-
clusively cis to the hydrogens at 4a and 4b; if in addi-
tion the entering protons at C-2 and C-7 absorb at
somewhat lower held than the original protons, then
the average center of gravity of the peak would shift
upheld when D2 was used to effect hydrolysis. Addi-
tional work is needed to conhrm the postulate of stereo-
specific protonation and to establish conclusively the
stereochemistry of the tetrahydrofluorene.

The origin of 9-methyl-9-phenyl-2,4a,4b,7-tetra-
hydrohuorene under the present reaction conditions is
of interest. In the earlier work in which 9-n-propyl
and 9-n-butyl derivatives sa and s b of the tetrahydro-
fluorene were formed, it was shown that the precursor
of the tetrahydrofluorene was a carbanion which upon
carbonation gave a high yield of a complex mixture of
carboxylic acids or on protonation gave the tetrahydro-
fluorene. In work with 1,1,1-triphenylethane it was
found that the red solution formed by stirring with
excess Cs-K-Na alloy in THF at —70° upon rapid
titration with a solution of ¢erf-butyl alcohol in THF
required 1.96 + 0.02 molar equiv of ;erf-butyl alcohol to
discharge the red color of the solution. This experi-
ment implies that during reaction with the alloy two
electrons are transferred to the 1,1,1-triphenylethane
to form a dianion. The decomposition with DD,
previously discussed, provides corroborative evidence,
though this was less quantitative presumably because
of deuterium exchange or spurious sources of acidic
protons. The obvious dianion which should lead
to 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene-2,7-
d2 (17) on decomposition with D2 is 16 (Scheme I11).

Scheme |11

Ph3CCH3

A plausible path to 16 is via two-electron transfer to
1,1,1-triphenylethane to give the diradical dianion 15,
which upon cyclization at ortho positions gives 16.
This scheme is obviously incomplete, since the role of
the alkali metal cation (presumably cesium ion) is not
specified. That anion 16 is red is not surprising in view

(16) H. Batiz-Hernandez and R. A. Bernheim in “Progress in N.M.R
Spectroscopy,” Vol. 3, J. W. Emsley, J. Freeney, and L. H. Sutcliffe, Ed.,
Pergamon Press, Oxford, 1967, p 63.
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of the color and spectra which have been reportedX for
some related organolithium compounds.

Scheme 111 is novel in that a simple phenyl radical
anion is shown undergoing intramolecular cyclization
with another phenyl radical anion to give a stable di-
anion. At first hand it is surprising that appreciable
phenyl radical anion should form at all, since, in a sol-
vent consisting of 2:1 by volume of THF and 1,2-
dimethoxyethane with Na-K alloy as reducing agent,
spin concentration measurements on samples 0.01 M
in initial benzene concentration have shown that ben-
zene radical anion concentrations at equilibrium ranged
from 1to 9 X 10-6 M over the temperature range of
—20 to —83°.8B It is possible that Cs-lv-Na alloy
may give a higher concentration of radical anion than
Na-K. Indeed benzene has been reported®to form a
black precipitate of unknown structure®when treated
with cesium. Also, even though the concentration of 15
may be very low, its subsequent cyclization to 16 may
drive the reaction forward. Dimerization of radical
anions of pyridine, quinoline, and similar heteroaro-
matics is well known;2L however, radical anions
derived from aromatic hydrocarbons, such as naph-
thalene, anthracene, etc., are said not to dimerize be-
cause dimerization would bring about a substantial
loss of resonance stability.2 Intramolecular reactions
such as 15 -“m 16 should, however, be more favorable
than analogous intermolecular processes.

Szwarc2l and coworkers have emphasized that radi-
cal anions of quinoline and similar substances dimerize
much faster when paired with sodium cations in THF
than when present as unpaired anions in hexamethyl-
phosphoramide; association of cation and anion helps
to reduce, or perhaps even avoid, repulsion between
like negative charges in the dimer. We suggest that
under our conditions both the formation of 15 and its
dimerization to 16 are promoted by strong association
between cesium (or potassium) cations and the respec-
tive agions. We note that the ionic radius of cesium
(1.69 A) is near that of a benzene ring (1.39 A from
center to the carbon atoms or 2.47 A to the hydrogen
atoms). Moreover, the cesium salt of fluorene in THF
at —70° has been shown to exist essentially entirely as
contact ion pairs whereas the sodium and lithium salts
were completely solvent separated.3 The reluctance of
cesium cations to become solvated means that cesium
ions are readily available for interaction with anions
such as 15 and 16. We suggest that the stereospecific
cyclization of 15 is promoted by the presence of a
cesium ion *“sandwiched” between the negatively
charged phenyl rings. On this basis we would predict
that the hydrogen atoms at 4a and 4b in 17 should be
oriented cis to one another, as appears to be the case.

(17) R. B. Bates, D. W. Gosselink, and J. A. Kaczynski, Tetrahedron Lett.,
199 (1967); R. Waack and M. A. Doran, J. Amer. Chem. Soc., 85, 1651
(1963).

(18) R. G. Kooser, W. V. Volland, and J. H. Freed, J. Chern. Phys., 50,
5243 (1969).

(19) L. Hackspill, Proc.Int. Congr. Appl. Chern,, 8th, 2, 113 (1912); Ann.
Chim. Phys. (Paris), 28, 653 (1913); Helv. Chim. Acta, 11, 1026 (1928);
J. de Postis, Proc.Int. Congr. Pure Appl. Chern., 11th, 5, 867 (1947).

(20) This product is under further investigation.

(21) J. Chaudkuri, S. Kume, J. Jagur-Grodzinski, and M. Szwarc, J.
Amer. Chem. Soc., 90, 6421 (1968).

(22) M. Szwarc in “Progress in Physical Organic Chemistry,” Vol. 6, A.
Streitwieser and R. W. Taft, Ed., Interscience, New York, N. 1. 1968, p
399.

(23) T. E. Hogen-Esch and J. Smid, J. Amer. Chem. Soc., 88, 307, 318
(1966).
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Reactions analogous to those of Scheme 11l are
known in cases where the hypothetical cyclic dianion
(analogous to 16) or dimeric dianion is removed from the
presumably dynamic but unfavorable equilibrium by
loss of hydride ion, by protonation, or by protonation
and further reduction. Thus benzil dianil undergoes
cyclodehydrogenation with lithium in THF to produce
the dianion of 9,10-dianilinophenanthrene and lithium
hydride,24 benzil is converted into phenanthrenequi-
none trianion radical (and KH?) by potassium in re-
fluxing THF,5 ljI'-bir.aphthyl with lithium in THF
gives perylene,® and tetraphenylallene with lithium
gives a dibenzocycloheptatriene derivative.Z Lithium
anthracene at high concentration in diethyl ether de-
posits a precipitate which when hydrolyzed gives
9,9',10,10Metrahydro-9,9'-dianthryl in addition to a
1:1 mixture of anthracene and 9,10-dihvdroanthra-
cene.B Electrolysis of phenanthrene in dimethyl-
formamide gives 9,9',10,10'-tetrahydro-9,9'-biphenan-
threne.® The reaction of naphthalene with sodium in
the presence of amines yields numerous products, in-
cluding products of reductive dimerization.®

Reaction of 2-Chloro-l,1,I-triphenylethane with Cs-
K-Na Alloy.—In view of the fact that 4-chloro-1,1,1-
triphenylbutane and 5-chloro-1,1,1-triphenylpentane
react with cesium alloys in THF at low temperature to
give primarily the corresponding hydrocarbons with-
out rearrangement of carbon skeleton when excess of
alloy is avoided, it was of interest to know if 2-chloro-
1.1.1- triphenylethane behaves likewise. Reaction of
the latter chloride with about the theoretical amount
of Cs-K-Na alloy at —65° in THF, followed by car-
bonation, gave some 35% yield of 2,2,3-triphenyl-
propanoic acid and 4.6% of 1,1,1-triphenylethane, with
unreacted chloride constituting most of the remainder.
Thus 2-chloro-1,1,1-triphenylethane, unlike its two
higher homologs, with cesium alloy gives mostly the
rearranged carbanion just as had been found previously
with sodium3lin dioxane and with potassium4in THF
or 1,2-dimethoxyethane. The failure to obtain pre-
dominant phenyl migration in reactions of 4-chloro-
1.1.1-triphenylbutane and 5-chloro-I, 1,1-triphenyl-
butane with alkali metals under conditions where 2-
chloro-1,1,1-triphenylethane gives predominantly prod-
ucts of phenyl migration must be ascribed to some, un-
favorable structural characteristics of the higher homo-
logs.

Summary and Conclusions

Rearrangements involving 1,4 and 1,5 migration of
phenyl have been observed in the present reactions of
4-chloro-l,1,I-triphenylbutane and of 5-chloro-I,1,1-
triphenylpentane with cesium alloys; however, such
rearrangements did not constitute more than about

(24) E. J. MacPherson and J. G. Smith, Chem. Commun., 1552 (1970).

(25) N. L. Bauld, J. Amer. Chem. Soc., 86, 3894 (1964).

(26) J. J. Eisch, “The Chemistry of Organometallic Compounds, The
Main Group Elements,” Macmillan, New York, N. Y., 1967, p 24; M. H.
Hnoosh and R. A. Zingaro, J. Amer. Chem. Soc., 92, 4388 (1970).

(27) P. Dowd, Chem. Commun., 568 (1965).

(28) H. J. S. Winkler and Il. Winkler, J. Org. Chem., 32, 1695 (1967).

(29) S. Wawzonek and D. Wearring, J. Amer. Chem. Soc., 81, 2067 (1959).

(30) E. J. Eisenbraun, R. C. Bansal, D. V. Hertzler, W. P. Duncan, P.
W. K. Flanagan, and M. C. Hamming, J. Org. Chem., 35, 1265 (1970); R.
C. Bansal, E. J. Eisenbraun, ar.d P. W. K. Flanagan, J. Amer. Chem. Soc.,
88, 1837 (1966).

(31) E. Grovenstein, Jr., ./. Amer. Chem. Soc., 79, 4985 (1957).
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10% of the total reaction under any of the conditions
studied. A more important reaction was reduction to
the corresponding hydrocarbon, 1,1,1-triphenylbutane
and 1,1,1-triphenylpentane, respectively. Both the
rearrangement and reduction are interpreted (see
Scheme 1V) as proceeding by way of the same initial

Scheme IV
Ph(CH2,Cl  ~ PhZ(CHI,M —* Ph3C(CH2,H
18a, re= 1 19
b,n=3
c,n=4

J

—» PhZM(CH2,Ph
M+I> < 1 22a-c
PhZC------ (CH2,,

2la-c

unrearranged organometallic compound 18, although
only for 18a and 18b where M = Li has direct evidence
been obtained (results of carbonation). It is at first
sight surprising that 18b and 18c do not undergo cycli-
zation in better yield than 18a, since w-aminoalkyl
bromides® undergo cyclization considerably more
readily to five-membered rings and somewhat more
readily to six-membered rings than to three-membered
rings.3 In 18a, however, the triphenylmethyl group is
considerably closer to the anionic charge than in 18b and
18c; since this group is expected3to help stabilize the
carbanion and should stabilize more effectively the
closer to the anionic center, the order of expected stability
is 18a > 18b > 18c. The more stable the carbanion
the more slowly it should be protonated by THF to
give 19 and so the more time it should possess for
cyclization to 2:. Implicit in this argument is the
assumption that the reaction leading to 19 is retarded
more by the triphenylmethyl group than that to 2:.
Another factor favoring the more ready rearrangement
of 18a than of 18b or 18c is that in conversion of 18a
to 21 athere is probably some relief of steric compression
among the phenyl groups.® On the other hand, in
going from 18c to 21c, a phenyl group and a portion of
the cyclohexadienyl group are placed at axial positions
on the cyclohexane ring formed on cyclization. Com-
plications such as these are missing in cyclization of
simple ca-arninoalkyl bromides which, therefore, do not
serve as good models for the present system.

Liquid alloys of cesiuml01l with potassium and
sodium have apparently not been used previously in
reaction with alkyl halides and hydrocarbons. These
alloys permit reactions of alkali metals to be run rap-
idly and conveniently at low temperature; we believe,

(32) G. Salomon, Helv. Chim. Acta, 16, 1361 (1933); 17, 851 (1934).

(33) For trimethylsilyl migration, however, it has been observed that 1,2
migration in silylhydrazide anions occurs more readily than 1,4 migration in
etilylethylenediamine anions, while 1,4 migration in the more rigid silyl-o-
phenylenediamine anions approaches that of silylhydrazide anions [R.
West, M. Ishikawa, and S. Murai, J. Amer. Chem. Soc., 90, 727 (1968); H.
F. Stewart, D. G. Koepsell, and R. West, ibid., 92, 846 (1970)].

(34) Some idea about the effectiveness of the triphenylmethyl group in
stabilization of anions is provided by the relative rates (statistically cor-
rected) of cleavage from quaternary nitrogen by sodium in liquid ammonia;
for PhsCCHs, PhsCCHaCH¢«, and CHs the relative rates are 10,000:92:1
[E. Grovenstein, Jr., and L. C. Rogers, J. Amer. Chem. Soc., 86, 854 (1964)].

(35) E. Grovenstein, Jr., and L. P. Williams, Jr., 3. Amer. Chem. Soc., 83,
2537 (1961).
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therefore, that they may find considerable application.
In the present work, use of Cs-K-Na alloy has per-
mitted the discovery that 1,2 and 1,5 migration of
phenyl are rapid even at —65° in the 2,2,2-triphenyl-
ethyl and 5,5,5-triphenylpentyl anions. What may
prove to be a more important discovery, and to us was
unexpected, is that 1,1,1-triphenylalkanes and 1,1-
diphenylalkanes® undergo reductive cyclization by
Cs-K-Na alloy at low temperature to novel dianions
of unique stereochemistry. The synthetic utility of
low-temperature reductions effected by cesium alloys
appears to be great and to offer exciting opportunities
for future investigation.

Experimental Section®

Materials.— 9-n-Butyl-9-phenylfluorene, mp 99.0-99.5° (re-
ported¥ mp 98-99°), was prepared by reaction of the potassium
salt of 9-phenylfluorene with w-butyl bromide in diethyl ether.
Cesium metal (99.9+%) was obtained from MSA Research Corp.
in sealed glass ampules. Cesium-potassium-sodium alloy was
of composition (g-atom %) 47.4% K, 40.8% Cs, and 11.8% Na,
corresponding to the minimum melting alloy;11 this alloy was
conveniently prepared by warming suitable proportions of the
alkali metals under a nitrogen atmosphere and was stored in a
tightly sealed glass-stoppered ampule under pentane. 1,1-Di-
phenylbutane was prepared by reaction of diphenylmethylpotas-
sium in liquid ammonia with 1-bromopropane. 2,2-Diphenyl-
pentanoic acid, mp 153-154° (reported3dmp 155.5°), was made
by saponification of methyl 2,2-diphenylpentanoate, which was
prepared by reaction3®of the potassium salt of methyl diphenyl-
acetate with «-propyl bromide in liquid ammonia-ether solution.
I,I-Diphenyl-1,2,3,4-tetrahydronaphthalene, mp 125-126°, was
obtained (25% vyield) by treatment of 1,1,4-triphenylbutanol-I
with cold 92% sulfuric acid.7 9-Methyl-9-phenylfluorene, mp
85-87° (reported4ddmp 86-86.5°), was prepared124l by metala-
tion of 9-phenylfluorene with KNH2in liguid ammonia followed
by reaction with an ethereal solution of methyl iodide. Methyl
triphenylacetate, mp 188-189° dec (reported2 mp 184-185°),
was prepared by reaction of triphenylaeetic acid with diazo-
methane. 9-Phenylfluorene, mp 148-150°, was prepared from
triphenylearbinol by the procedure of Kliegl.13 1,1,1-Triphenyl-
butane, mp 78-80° (reported43 mp 79°), was prepared by reaction
of n-propylmagnesium bromide with triphenylchloromethane in
diethyl ether. 1,1,4-Triphenylbutanol-lI, mp 74-75° (reported4B8
mp 74-75°), was prepared by addition of 3-phenylpropyllithium
to benzophenone in THF (65% yield) and by addition of 3-
phenylpropylmagnesium chloride to benzophenone in diethyl
ether (76% vyield). 1,1,1-Triphenylethane was prepared by the
procedure of Gomberg and Cone.446 1,1,1-Triphenylpentane,
mp 59.5-61.0° (reported846mp 60-61°), was prepared by hydrol-
ysis of the Grignard reagent prepared from 5-chloro-I,I,I-tri-
phenylpentane.

General Procedure for Alkali Metal Reactions.—Reactions
with alkali metals were normally conducted in a 500-ml Morton
flask equipped with a Morton high-speed stirrer,47 a condenser,

(36) Melting points are uncorrected. Proton magnetic resonance (nmr)
spectra were obtained at 60 MHz on a Varian A-60D spectrometer and at
100 MHz on a JEOLCO 4H100 spectrometer and were taken relative to
tetramethylsilane as an internal standard. Ultraviolet spectra were deter-
mined on a Cary Model 14 spectrometer and infrared spectra on a Perkin-
Elmer Model 237 Infracord. Mass spectra were run on a Varian M-66 mass
spectrometer. Elemental analyses were performed by Galbraith Labora-
tories, Inc., Knoxville, Tenn.

(37) H. Gilman and B. Gaj, 3. Amer. Chem. Soc., 82, 6326 (1960).

(38) A. L. Mndzhoyan, G. T. Tatevosyan, S. G. Agbalyan, and R. K.
Bostandzhyan, Dokl. Akad. Nauk Arm. SSR, 28, 11 (1959).

(39) Cf. W. G. Kenyon, R. B. Meyer, and C. R. Hauser, J. Org. Chem.,
28, 3108 (1963).

(40) P. M. G. Bavin, Can. J. Chem., 38, 882 (1960).

(41) We are indebted to Mr. Ronald H. Carter for this preparation.

(42) K. Bowden, N. B. Chapman, and J. Shorter, J. Chem. Soc., 3372
(1964).

(43) M. Gomberg and L. H. Cone, Chem. Ber., 39, 2957 (1906).

(44) M. S. Kharasch and S. Weinhouse, J. Org. Chem., 1, 209 (1936).

(45) M. Gomberg and L. H. Cone, Chem. Ber., 39, 1466 (1906).

(46) J. Cason and F. J. Schmitz, J. Org. Chem., 26, 1293 (1960).

(47) A. A. Morton and L. S. Redmon, Ind. Eng. Chem., 40, 1190 (1948)
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a thermometer well, and a dropping funnel. The flask was flame
dried under a stream of dry nitrogen and all reactions were con-
ducted under an atmosphere of nitrogen. For reactions of cesium
and its alloys the entire apparatus was contained in a glove box
under a nitrogen atmosphere in order to reduce fire hazards in
working with these readily oxidizable metals. Tetrahydrofuran
(THF) was stored over sodium wire and freshly distilled into the
reaction flask from sodium aluminum hydride under a nitrogen
atmosphere before use. In runs with liquid alkali metals, the
THF was stirred with the molten metal (at 40-65°) for normally 1
hr before addition of alkyl halide; this procedure ensured both
that the solvent was freed of impurities and that the alkali metal
was finely divided.

4-Chloro-l,l,I-triphenylbutane.—This compound has pre-
viously been reported,8 but without details, from reaction of
triphenylmethylsodium with I-bromo-3-chloropropane. Tri-
phenylmethylsodium, prepared from sodium amalgam (12.7 g
of Na, 524 g of Hg) and triphenylchloromethane (69.7 g, 0.250
mol) in 340 ml of anhydrous ether, was siphoned under nitrogen
from the mercury and added with stirring over a 10-min period
to 440 ml of I-bromo-3-chloropropane at 12 + 3°. The red
color of the triphenylmethylsodium was discharged almost im-
mediately upon contact. The solution was filtered and the ether
and excess bromochloropropane were removed finally in vacuo
at abath temperature of 64°. The remaining light yellow crystals
(51 g, 64% vyield based on triphenylchloromethane) had mp 125-
170°. Itecrystallization from acetone and subsequent vacuum
sublimation (at a bath temperature up to 150°) gave 26.3 g of
crystals, mp 129-131.5°. The analytical sample was recrystal-
lized again from acetone to give colorless needles, mp 130.5-
131.5° (reported8mp 130°).

Anal. Calcd for C2H2IC1: C, 82.35; H, 6.60; CI, 11.05.
Found: C, 81.92,81.89; H, 6.59, 6.53; Cl, 11.29, 11.25.

During the purifications of the above chloride, 2.3 g of a sub-
stance of mp 164-167° and 3.6 g of a substance of mp 205-230°
were obtained. In another preparation similar to the above but
from 238 g of triphenylchloromethane, the product after one
recrystallization from acetone amounted to 166 g (69% yield),
mp 115-131°; asecond recrystallization from acetone gave 120 g
of 4-chloro-1,1,I-triphenylbutane, mp 129-131°.

This product was also similarly prepared by reaction of tri-
phenylmethylsodium (from 69.7 g of triphenylchloromethane)
with 400 ml of 1,3-diehloropropane. After filtration and re-
moval of solvent and 1,3-diehloropropane in vacuo, oily crystals
were obtained; these were washed with n-pentane to give 23 g
(29% vyield) of product, mp 122-125°. Further purification
yielded a product identical (mixture melting point and ir spectral
comparisons) with that from I-ehloro-3-bromopropane.

9-Phenyl-9-ra-propylfluorene (9a).—To a solution of potas-
sium amide, prepared from 2.86 g (0.0733 g-atom) of potassium
in 200 ml of liguid ammonia, was added 1.67 g (6.89 mmol) of
9-phenylfluorene in 100 ml of diethyl ether. The brown-yellow
solution was stirred at reflux for 1 hr and then 7.5 ml (0.082 mol)
of n-propyl bromide was added. Since there was no obvious
color change after 2 hr of stirring, 100 ml more of ether was
added and the ammonia was allowed to evaporate. Additional
n-propyl bromide (10 ml) was added and the solution was stirred
for 2.5 hr before addition of excess ammonium chloride. The
usual work-up gave 1.63 g (84% yield) of light yellow crystals
which after washing with petroleum ether (bp 30-60°) amounted
to 0.90 g of white solid, mp 112-115°. Two recrystallizations
from ethanol gave crystals, mp 115.5-116.5°.

Anal. Calcd for C2H20 C, 92.91; H, 7.09.
92.78; H, 7.25.

5,5,5-Triphenylpentanenitrile.—Into a flask was placed 2.00 g
(6.05 mmol) of 4-chloro-I,l,I-triphenylbutane, 0.47 g (9.6 mmol)
of sodium cyanide, 0.92 g (6.1 mmol) of sodium iodide, and 180
ml of dimethyl sulfoxide.® The flask was stoppered and stirred
with a magnetic stirrer at room temperature for 10 days. After
filtration the reaction mixture was poured into 100 ml of water.
The solid which formed was removed by filtration, washed with
100 ml of water, and dried to give 1.80 g (95% yield) of nitrile,
mp 147-149°. Two recrystallizations from acetone gave white
crystals, mp 149-150°.

Found: C,

(48) J. C. Charlton, 1. Dostrovsky, and E. D. Hughes, Nature {London),
167, 986 (1951).

(49) W. B. Renfrow, Jr., and C. R. Hauser in “Organic Syntheses,”
Collect. Vol. 11, A. H. Blatt, Ed., Wiley, New York, N. Y., 1943, p 607.

(50) Cf. A. C. Cope and A. S. Mehta, J. Amer. Chem. Soc., 86, 5626
(1964).
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Anal. Calcd for CZH2IN: C, 88.70; H, 6.80; N, 4.50.
Found: C, 88.15; H, 6.90; N, 4.71.
5.5.5- Triphenylpentanoic Acid.—A solution of 2.86 g (9.20

mmol) of 5,5,5-triphenylpentanenitrile and 1.58 g of potassium
hydroxide in 95 ml of ethylene glycol was heated at reflux for 12
hr. After the usual work-up there was obtained 2.85 g (97%
yield) of white solid, mp 222-225°. The product, after recrystal-
lization from benzene, sublimation in vacuo (20 p, bath at 190°),
and recrystallization from ethanol, had mp 225-227.5° dec.

Anal. Calcd for CZH202. C, 83.60; H, 6.71. Found: C,
83.53; H, 6.69.

A compound, mp 222-223°, believed to be 5,5,5-triphenyl-
pentanoic acid has been reported previously from cleavage of a
substance thought to be 1,1,1,6,6,6-hexaphenylhexan-2-one by
methanolic potassium hydroxide.5L

Methyl 5,5,5-Triphenylpentanoate.—This compound, mp
97.0-97.7° (from ethanol), was prepared by reaction of the
corresponding acid with diazomethane.

Anal. Calcd for CiVH,,022 C, 83.69; H, 7.02. Found: C,
83.49; H, 7.04.
2.2.5- Triphenylpentanoic Acid.—To 18.1 g (60 mmol) of 1,1,4-

triphenylbutanol-1 in 85 ml of anhydrous methanol was added
0.9 ml of concentrated sulfuric acid. A precipitate rapidly
formed and after 1 hr at room temperature the contents of the
flask had completely solidified. The solid was recrystallized from
methanol to yield,® after drying in air on the filter, 11.1 g (59%
of I-methoxy-l,l,4-triphenylbutane, mp 81-82°. Since a
sample of this ether was found to undergo decomposition (evi-
dently loss of methanol to give olefin) on drying in vacuo at
room temperature, it was used without further purification or
analysis. This ether, 9.73 (30.8 mmol), in 35 ml of tetrahydro-
furan (THF), was added dropwise over a period of 30 min to
2.9 g (74 mg-atoms) of potassium stirred vigorously in 250 ml
of THF at reflux temperature, according to our general pro-
cedure for alkali metal reactions. After 1.5 hr of additional
stirring, the mixture was forced onto solid carbon dioxide. The
usual work-up gave 6.7 g (68% yield) of crude acid,3 mp 162-
168°. After recrystallization from cyclohexane and then chloro-
form this acid had mp 168-169.5° dec.

Anal. Calcd for CZH20 2. C, 83.60; H, 6.71.
83.59; 11, 6.58.

1,1,4-Triphenylbutane.— Diphenylmethylpotassium was pre-
pared in 250 ml of liquid ammonia solution from reaction of 5.45 g
(32.4 mmol) of diphenylmethane (in 30 ml of ether) with potas-
sium amide (from 1.52 g, 38.9 mg-atoms, of potassium) and the
red organopotassium compound was treated dropwise at reflux
temperature with a solution of I-bromo-3-phenylpropane in 30
ml of ether until the red color was discharged. Solid ammonium
chloride (2.3 g) was added and the ammonia was allowed to evap-
orate. The residue was treated with water and extracted with
ether. The ether extract yielded 7.1 g of oil which by glpc
analysis contained some 84% of 1,1,4-triphenylbutane and the
remainder diphenylmethane. After several distillations in vacuo,
a sample of pure 1,1,4-triphenylbutane was obtained: nZ7D
1.5838; nmr (CC14) peaks at r 2.89 and 2.93 (15 H, two peaks in
ca. 2:1 ratio), 6.17 (1 H, triplet, J = 7.5 Hz), 7.43 (2 H, triplet,
J = 7.2 Hz), 7.8-8.8 (4 H, multiplet). This compound is vari-
ously reported as a liquid, 5% t&i2d 1.5993, and a solid,% mp 78-79°;
attempts to obtain a crystalline product were unsuccessful in our
hands.

Anal. Calcd for C2H2 C, 92.26; H, 7.74.
92.27; H, 7.72.

Reaction of 4-Chloro-l,I,I-triphenylbutane with Lithium.—In
the usual apparatus was placed 250 ml of THF, 0.63 g (0.090 g-
atom) of finely cut lithium wire (from Lithium Corp. of America,
0.05% Na max), and 0.15 ml of methyl iodide. The reaction
flask was cooled to —5 = 5, some 5% of a solution of 4-ehloro-
1,1,1-triphenylbutane (4.0 g, 12 mmol) in 20 ml of THF was
added, and vigorous stirring was continued for 2 hr. An addi-
tional 0.1 ml of methyl iodide and 5% of the chloride solution
was then added and stirring was continued for 1.5 hr, by which
time the color of the solution was orange. The solution was then
cooled to —55 * 5°, the remainder of the chloride was added

Found: C,

Found: C,

(51) F. J. Piehl and W. 6. Brown, ibid., 75, 5025 (1953).

(52) Cf. K. Ziegler, K. Richter, and B. Schnell, Justus Liebigs Ann.
Chem., 443, 177 (1925).

(53) Cf. K. Ziegler, et al., ibid., 473, 27 (1929).

(54) A. D. Petrov and V. M. Vdovin, Zh. Obshch. Khim., 27, 45 (1957).

(55) F. Bergmann, S. Israelashvili, and D. Gottlieb, J. Chem. Soc., 2522
(1952).
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dropwise, and stirring was continued for 3 hr before the solution
was forced onto solid crushed carbon dioxide. The next day
some of the unreacted lithium metal was removed, 200 ml of
water was added (to decompose the remaining lithium), and the
THF was removed in vacuo on a steam bath. The aqueous res-
idue was acidified with 10% sulfuric acid and extracted well
with ether. The ethereal phase was extracted with dilute sodium
hydroxide. The ether phase yielded 3.0 g of neutral material.
The alkaline solution was acidified with 10% sulfuric acid and ex-
tracted with ether. The ether extract, after drying over an-
hydrous MgSO*, yielded 1.2 g of crude acid,6 mp 180-230°.
One recrystallization from benzene gave 0.86 g of acid, mp 222-
225° dec. Two more recrystallizations from benzene gave
material, mp 223-224° dec, which gave no mixture melting point
depression with authentic 5,5,5-triphenylpentanocic acid (pre-
pared via the nitrile).

In another run after the usual initiation at —5°, 7.53 g (23.5
mmol) of 4-chloro-l,l,I-triphenylbutane was allowed to react
with 0.51 g of lithium in 250 ml of THF with vigorous stirring at
—60 + 5° for 3.5 hr. The reaction mixture was then stirred
at 0 = 3° for 2 hr before carbonation. The usual work-up yielded
1.28 g of acid, mp 207-220°. One recrystallization from benzene
gave 0.50 g of acid, mp 217-223°; a mixture melting point of this
acid with the 5,5,5-triphenylpentanoic acid obtained in the pre-
vious run was not depressed.

In a final run after the usual initiation at —5°,4-chloro-I, 1,1-
triphenylbutane (10.0 g, 31.1 mmol) was allowed to react with
0.64 g (92 mg-atoms) of lithium in 250 ml of THF at —60° for 4
hr. The reaction mixture was then stirred at 25 + 2° for 2 hr
before carbonation. The usual work-up gave 9.1 g of neutral
material and 0.37 g of acidic material. The acids were meth-
ylated with diazomethane before analysis by gas-liquid partition
chromatography®/ (glpc). There was obtained (as methyl esters)
46% of 5,5,5-triphenylpentanoic acid, 17% of a likely iscmeric
acid at 0.81 times the retention time of 5,5,5-triphenylpetranoic
acid, and seven acids of lower molecular weight (products of
pyrolysis or fragmentation); none of the methyl ester of 2,2,5-
triphenylpentanoic acid could be detected. Analysis (glpc) of
the neutral material gave 87% of 1,1,1-triphenylbutane, 3% of a
substance of 34% longer retention time (likely91,1-diphenyltetra-
hydronaphthalene), and 10% of 4-chloro-1,],1-triphenylbutane.
A sample (2.0 g) of the neutral material was distilled in a sub-
limation apparatus at 0.01 mm and 103° to give 1.2 g of white
solid, mp 55-74°. Two recrystallizations from ethanol gave
0.47 g of compound, mp 77-79°, which was identified as 1,1,1-
triphenylbutane by comparisons of melting point, mixture melt-
ing point, and ir spectra with those of an authentic sample.83

Reaction of 4-Chloro-1,1,I-tnphenylbutane with Potassium.—
In the usual apparatus was placed 250 ml of THF and 3.44 g
(0.088 g-atom) of freshly cut potassium. The mixture was
heated at reflux with vigorous stirring for 50 min and then a
solution of 10.08 g (31.4 mmol) of 4-chloro-1,1,1-triphenylbutane
in 70 ml of THF was added over a period of 10 min. On addi-
tion of the first portion of halide the solution turned a deep red;
the final color was like that of bromine. After cooling to room
temperature in 10 min, the mixture was forced onto a large ex-
cess of solid carbon dioxide. A 300-ml portion of absolute
ethanol was added to destroy any unreacted potassium. The
next day, solvents were largely removed in vacuo, water was
added to the residual viscous liquid, and the mixture was ex-
tracted with three 200-ml portions of ether. The ether extract,
after drying over anhydrous MgSO,, yielded 9.5 g of crude, semi-
solid neutral material. The aqueous layer, after acidification
with 10% hydrochloric acid and extraction by ether, yielded 1.08
g of oily acids. Analysis of the neutral fraction by glpc.5 showed
the presence of 84% of I,I-diphenyl-1,2,3,4-tetrahydronaphtha-
lene (7), 14% of 1,1,1-triphenylbutane, and 0.8 and 0.4% of two
cleavage products (apparently 1,1-diphenylbutane and triphenyl-
methane, respectively). Analysis (glpc) of the methyl esters of
the acids at 284° gave the following products, listed as area per

(56) This yield may be low because the reaction flask was not flame-dried.

(57) The analyses were ordinarily run at about 280° on an F & M Scientific
Co. Model 810 chromatograph equipped with flame ionization defectors
with 6 ft X 0.25 in. columns packed with 10% silicone gum rubber (SE-30)
on 60-80 mesh Chromosorb G (acid washed and silanized with dimethyl-
dichlorosilane). The analyses are reported as area per cent of total volatile
constituents; therefore, while these analyses should indicate the correct
relative amounts of isomers, including compounds differing only in the num-
ber of hydrogen atoms, the analyses are ordinarily only of semiquantitative
significance.
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cent (relative retention time, identity of acid): 0.8 (0.38, di-
phenylaeetic acid); 4.5 (0.52, 2,2-diphenylpentanoic acid), 47
(0.58), 5 (0.67), 2.7 (1.00, triphenvlacetic acid), 1 (1.62), 5.7
(1.79, 2,2,5-triphenylpentanoic acid), 28 (2.10), and 5 (2.96).
A sample of 7.3 g of the neutral material was sublimed at 0.3
mm at a bath temperature of 102° to give 3.7 g of white solid,
mp 80-115°. Recrystallization of 1.89 g of this product from
ethanol gave 1.11 g (indicative of 32% yield based on chloride)
of product, mp 125-126°; this compound is identified as 7 based
on melting point, mixture melting point, and ir spectral com-
parisons with an authentic sample.7 The nmr spectrum provided
confirmatory evidence: nmr (CDC13) r 2.8-3.5 (14 H, complex
multiplet), 7.3 (4 H, overlapping triplets), and 8.3 (2 H, complex
multiplet). A repetition of this run but with a total reaction
time of 1.7 hr at reflux temperature gave 7 g of a very complex
mixture of acids.

Reaction of 4-Chloro-l,1,1-triphenylbutane with Sodium-
Potassium Alloy.—To sodium-potassium alloy, prepared from
10.3 g (0.26 g-atom) of potassium and 3.1 g (0.13 g-atom) of
sodium in 250 ml of THF, was added 10.0 g (31.1 mmol) of 4-
chloro-1,1,1-triphenylbutane in 70 ml of THF over a period of 40
min while the solution was stirred vigorously with cooling by an
ice bath (0°). The red mixture was stirred for an additional 1 hr
at ice-bath temperature before carbonation. The usual work-up
gave 3.0 g of neutral material and the remainder acids (ca. 7 g).
Analysis67 of the neutral material by glpc showed the presence of
15% of 4-chloro-I, 1,1-triphenylbutane, 32% of 7,9 a trace of
1,1,1-triphenylbutane, and the remainder some five cleavage
products of which only triphenylmethane (3%) was identified.
Analysis of the methyl esters of the acids by glpc at 284° gave
the following products, listed as area per cent (relative retention
time, identity): 22 (0.52, 2,2-diphenylpentanoic acid), 38
(0.58), 16 (0.67), 3.7 (1.00, triphenvlacetic acid), 5.5 (1.79, 2,2,5-
triphenylpentanoic acid), 12 (2.10).

Reaction of 4-Chloro-I, 1,1-triphenylbutane with Cesium.—
In the usual apparatus was placed 4.09 g (0.0308 g-atom) of
cesium metal and 250 ml of THF. Upon stirring the solution de-
veloped a pale blue color. After stirring for 35 min at 40 + 5°,
5.01 g (15.6 mmol) of 4-chloro-1,1,1-triphenylbutane was dusted
into the reaction mixture over a period of 4 min at 33°. A dark
red color rapidly developed in the solution. Stirring was con-
tinued for 11 min more at 40° before carbonation. The usual
work-up gave 1.22 g of acids and 4.0 g of crude neutral product.
Analysis5/ of the methyl esters of the acids by glpc at 284° gave
the following products, listed as area per cent (relative reten-
tion time, identity): 1.6 (0.38, diphenylacetic acid), 6.5 (0.52,
2,2-diphenylpentanoic acid), 3 (0.67), 4.8 (1.00, triphenylacetic
acid), 26 (1-54), 6.1 (1.79, 2,2,5-triphenylpentanoic acid), 35
(2.1), 16 (2.8). Analysis of the neutral material by glpc at 274°
gave (listed as before): 6.7 (0.21), 5.1 (0.40), 45 (1.00, 1,1,1-
triphenylbutane), 35 (1.05, 9a), and 7.8 (1.33, 79).

Reaction of 4-Chloro-1,1,1-triphenylbutane with Cesium-
Potassium Alloy.—In a run with 1.16 g (0.0297 g-atom) of potas-
sium and 3.93 g (0.0296 g-atom) of cesium in 250 ml of THF,
4.45 g (13.9 mmol) of 4-chloro-1,1,1-triphenylbutane in 50 ml of
THF was added dropwise at —25° over a period of 30 min and
stirring was continued for 34 min before carbonation. There was
isolated 4.1 g of a complex mixture of acids, mp 70-160°. The
acids were converted to their methyl esters with diazomethane;
some 48% of these esters were volatile in a preparative glpc sepa-
ration. The volatile esters via glpc analysis consisted of 10.8%
of methyl triphenylacetate, 14% of methyl 2,2,5-triphenyl-
pentanoate, and the remainder of seven unidentified esters.
Methyl triphenylacetate was isolated as crystals, mp 187-189°,
and was shown to be identical (melting point, mixture melting
point, nmr spectrum) with an authentic sample. (Methyl 2,2,5-
triphenylpentanoate, however, was not isolated as a pure sub-
stance. A repetition of this run at a temperature of —40 + 5°
with 5.9 g of 4-chloro-1,1,1-triphenylbutane (5.9 g of Cs, 1.5 g of
K) gave 5.5 g of acids; glpc analysis6/ of the methyl esters at
275° gave the following products, listed as area per cent (rela-
tive retention time, identity): 3 (0.40, 2,2-diphenylpentanoic
acid?), 13.8 (1.00, triphenylacetic acid), 1.2 (1.70), 27.6 (2.14,
2,2,5-triphenylpentanoic acid), 32 (2.60), 5.5 (2.90), 1.8 (3.2),
1.1 (3.6), 1.1 (4.0), 3.9 (4.6), 1.1 (5.2), and 6.8 (6.1).

In another run 12.56 g (39.2 mmol) of 4-chloro-1,1,1-triphenyl-
butane in 50 ml of THF was added dropwise over a period of 20
min to 5.54 g (0.0416 g-atom) of cesium and 1.45 g (0.0371 g-
atom) of potassium stirred vigorously in 250 ml of THF at —45 +
5°. Stirring was continued for 30 min more before carbonation.
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The usual work-up gave 4.4 g of acids and 7.8 g of neutral prod-
uct. Analysis¥ of the neutral product by glpc showed that the
volatile portion consisted of 93% of 1,1,1-triphenylbutane, 3.8%
of 9a, and 3.0% of 7.9 A quantitative glpc analysis showed that
the neutral product contained 3.7 g (33% absolute yield based
on starting chloride) of 1,1,1-triphenylbutane. The acid fraction
consisted of the usual complex mixture; methyl 2,2,5-triphenyl-
pentanoate constituted 8.5 area % of the volatile esters, although
the absolute yield was only 1.4% (based on starting chloride).
Only about half of both the methyl esters and neutral products
were glpc volatile in this run.

In another run, 6.12 g (19.1 mmol) of 4-chloro-1,1,1-triphenyl-
butane in 40 ml of THF was added over a period of 18 min to
5.72 g (0.0431 g-atom) of cesium and 1.47 g (0.0376 g-atom) of
potassium (as Cs-K alloy) stirred in 250 ml of THF at —42 +
2°. Stirring was continued at the same temperature for 40 min
before addition of 50 ml of methanol to the red solution. The
usual work-up gave 5.6 g of crude product; analysis& by glpc at
250° showed the presence of the following substances, listed as
area per cent (retention time in minutes, identity): 4.2 (1.9-9.2,
six unknown products), 32 (10.5, 1,1,1-triphenylbutane), 30
(10.9, 9a), 20 (11.5, 8a) and 8 (11.8, 1,1,4-triphenylbutane).
A 0.257-g portion of the crude product was heated with 0.029 g
of sulfur in 15 ml of V,A-dimethylformamide at reflux for 5.5 hr.
After washing with water, the organic fraction was evaporated to
give 0.195 g of brown tar. Analysis of this tar by glpc showed
that 8a had disappeared while 9a had increased in amount rela-
tive to the other components. In another dehydrogenation pro-
cedure,3Bto 0.209 g of the crude product in 10 ml of m-dibromo-
benzene at 215° was added dropwise over 5 min 0.16 ml of 2.5%
(by volume) bromine in m-dibromobenzene and the mixture was
heated at 215° for 2.5 hr. Analysis by glpc showed again that
the tetrahydrofluorene had disappeared and more 9a had ap-
peared. A similar dehydrogenation was run on another 0.103 g
of the crude product. The two bromination products were
combined; solvent was removed in vacuo; and the residue was
combined with 0.186 g of the product from the sulfur treatment.
The mixture was distilled in a sublimation apparatus at 100° and
50 n to give 0.206 g of semisolid product. Recrystallization of
0.152 g of this product from ethanol gave 0.036 g of crystals, mp
113-114°; another recrystallization from ethanol gave a pure
product, mp 115.3-116.0° (9-phenyl-9-n-propylfluorene, 9a).

In a final run 6.65 g (20.7 mmol) of 4-chloro-1,1,1-triphenyl-
butane in 30 ml of THF was added over a 25-min period to Cs-K
alloy prepared from 6.39 g (0.0480 g-atom) of cesium and 1.61 g
(0.0411 g-atom) of potassium in 250 ml of THF at —45° in the
usual manner, except that ca. 10% of the halide was prematurely
added to the flask at room temperature before refluxing the
solvent with alkali metal. The reaction mixture was then stirred
at —45 + 3° for 30 min, allowed to warm to —30°, and then
forced into 110 ml of methanol at —55°. The mixture was
neutralized with 5% hydrochloric acid. The usual work-up
gave 4.95 g of a colorless oil (another 1.54 g of product was re-
covered from the reaction flask). Analysis% of this oil by glpc
at 250° gave the following results, listed as area per cent (reten-
tion time in minutes, identity): 8.9 (1.9-7.4, four unknown
compounds), 9.5 (10.5, 1,1,1-triphenylbutane), 55 (10.9, 9a), 15
(11.5, 8a), 11 (11.8, 1,1,4-triphenylbutane). Since other work
indicated that the tetrahydrofluorene derivative was generally
converted to the fluorene on distillation in vacuo, a portion (3.44
g) of the colorless oil was distilled at 100° and 10 u to give 2.69 g
of semisolid product. One recrystallization of 1.90 g of this
material from ethanol gave 0.84 g of crystals, mp 108-114°, and
mother liquor A. Sublimation of 0.174 g of these crystals at
100° and 10 n and recrystallization from ethanol gave 0.132 g of
white crystals, mp 113-115°; after another recrystallization
from ethanol the melting point was 115.0-115.8°.

Anal. Calcd for Cj.Ho»: C, 92.91; H, 7.09; mol wt, 284.
Found: C, 93.37; H, 6.76; mol wt (mass spectrum69), 284.

The compound of mp 115-116° gave nmr absorption (CCh) at
r2.2-3.0 (13 H, complex multiplet), 7.63 (2 H, triplet,J = 7Hz),
9.28 (5 Il, complex multiplet); 266 nm (« 14,300), 294
(5310), 306 (8900). This compound was found to be identical
with the synthetic sample of 0-phenyl-9-n-propylfluorene (pre-

(58) Cf. O. W. Webster and W. H. Sharkey, J. Org. Chem., 27, 3354
(1962).

(59) We are indebted to the Department of Biochemistry and Nutrition,
University of Pittsburgh, Pittsburgh, Pa., for the mass spectral analysis.
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pared from 9-phenylfluorene) on the basis of melting point, mix-
ture melting point, ir, and uv spectral comparisons.

The mother liquor A above was evaporated on a steam bath
and the residue was distilled at 20 u- A 0.285-g portion of the
distillate was subjected to liquid phase chromatography on 80 g
of silica gel (E. Merck A.-G., Darmstadt, Germany, No. 7734)
ina2.0 X 60 cm column. Elution with petroleum ether gave
fractions 3 and 4 (0.15 g), which consisted of a 2:1 mixture of
9a and 1,1,1-triphenylbutane, and fractions 8 and 9 (0.050 g),
which contained some 90% of 1,1,4-triphenylbutane. The iden-
tity of fraction 8 was confirmed, after distillation in vacuo, by
ir and nmr spectral comparisons with the synthetic sample of
1.1.4- triphenylbutane (prepared from diphenvimethane).

5-Chloro-l,1,I-triphenylpentane.— This compound was pre-
pared®by a procedure analogous to that used for 4-chloro-1,1,1-
triphenylbutane except that triphenylmethylsodium (from 278.8
g of triphenylchloromethane) in 1250 ml of diethyl ether was
added slowly over a period of 2 hr under nitrogen to 500 ml of

1.4- dichlorobutane stirred in a 3-1. Morton flask cooled to —40°.

After the usual work-up, the oily product was crystallized from
petroleum ether to give 161 g (48% yield) of crude crystals, mp
65-73°. Several recrystallizations from acetone gave 84.5 g of
white crystals, mp 75-78°; after further recrystallization the most
highly purified sample had mp 79.0-79.6°.

Anal. Calcd for CZHZC1: C, 82.49; H, 6.92; CI, 10.60.
Found: C, 82.55; Il, 7.12; CI, 10.14.

6.6.6- Triphenylhexanenitrile.—Into a flask was placed 3.34 g
(10.0 mmol) of 5-chloro-l,l,I-triphenylpentane, 0.90 g (18

mmol) of sodium cyanide, 1.75 g (12 mmol) of sodium iodide,
and 250 ml of dimethyl sulfoxide. The flask was stoppered and
stirred at room temperature for 12 days. The work-up was like
that for 5,5,5-triphenylpentanenitrile. There was obtained
2.95 g (91% yield) of nitrile, mp 84.5-86°. After two recrystal-
lizations from acetone and sublimation in vacuo, the product had

mp 85.5-86.5°.

Anal. Calcd for CZ2H2N: C, 88.57; H, 7.12; N, 4.30.
Found: C, 88.48; H, 7.20; N, 4.34.

6.6.6- Triphenvlhexanoic Acid.— A solution of 1.55 g (4.8 mmol)

of 6,6,6-triphenylhexanenitrile and 0.91 g of potassium hydroxide
in 40 ml of ethylene glycol was heated at reflux for 9 hr. The
usual work-up gave 1.50 g (91% yield) of white crystals, mp
140-142°. Two recrystallizations from benzene yielded product,
mp 141.5-142.0°. The analytical sample was sublimed twice
in vacuo (final mp, 141.8-142.7°).

Anal. Calcd for CjtHiiO«. C, 83.68; H, 7.02. Found: C,
83.60; H, 7.03.
1.1.5- Triphenylpentanol-.—To the Grignard reagent pre-

pared from 40.2 g (0.238 mol of 4-phenyl-l-chlorobutane and 6.8
g (0.28 g-atom) of magnesium in 130 ml of diethyl ether was
added 30.9 g (0.170 mol) of benzophenone in 125 ml of ether.
The solution was stirred at reflux for 3 hr and then decomposed
with 150 ml of saturated ammonium chloride solution. The
solution was extracted with ether; the ether extract was washed
with 5% NaHCOj and dried over anhydrous MgSO,. After
removal of ether, the residue was washed with hexane to give 25
g of crude crystals, mp 54-64°. Recrystallization of 14.3 g of
this product from ethanol gave 5.7 g, mp 78-86°. Recrystalliza-
tion further from ligroin (bp 90-120°), with discarding of the first
crystals which separated and contained benzpinacol, and then
recrystallization from carbon tetrachloride followed by petroleum
ether gave 2.2 g of alcohol, mp 84.5-86.0°.

Anal. Calcd for CZH20 : C, 87.28; H, 7.65. Found: C,
87.06; H, 7.64.
1.1.5- Triphenvlpentane (11).—To 2.0 g (6.3 mmol) of 1,1,5-

triphenylpentanol-1 in 15 ml of anhydrous methanol was added
four drops of concentrated sulfuric acid; after some 15 min the
entire mass solidified and was stored overnight at 0°. The
precipitate was washed with cold methanol and after drying in a
desiccator over KOH amounted to 1.24 g of product: mp 61-63°;
nmr (CCh) peaks at r 2.80 and 2.93 (15 I, two peaks inca. 2:1
ratio), 7.03 (3 Il, singlet, CIE.O), 7.3-9.2 (8 Il). Since this
ether appears to be unstable on storage, it was used the next day.
In the general apparatus for alkali metal reactions was placed 200
ml of THF and 0.52 g (0.013 g-atom) of potassium and the mix-
ture was stirred at reflux for 1 hr. A solution of 1.18 g (3.6
mmol) of the methyl ether in 10 ml of THF was added over a
period of 10 min. The solution developed an orange color which

(60) We are greatly indebted to Mr. Carver Anthony Hunt for this

preparation.
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deepened to orange-red. Stirring at reflux was continued for 35
min longer and then methanol (10 ml) was added. Most of the
solvent was then removed on a rotating evaporator, water was
added, and the mixture was extracted with ether. After removal
of ether, the residue was distilled in vacuo and purified by chro-
matography on 100 g of silica gel (E. Merck A.-G., Darmstadt,
Germany, No. 7734) with elution by petroleum ether. There
was separated 0.60 g of an oil which solidified on storage at 0°: mp
37.0-3*8.0; nmr (CCh) peaks at r 2.89 and 2.93 (15 H, two peaks
in ca. 2:1 ratin’), 6.2") (1 H, triplet), 7.49 (2 H), 7.7-9.0 (complex
multiplet). The analytical sample was redistilled in vacuo.

Anal. Calcd for CZH24 C, 91.95; H, 8.05. Found: C,
91.83; H, S.0S.

Reaction of 5-Chloro-I,1,I-triphenylpentane with Potassium.—
In the usual apparatus was placed 230 ml of THF and 2.10 g
(0.0536 g-atom) of potassium; the mixture was heated at reflux
with vigorous stirring for 30 min. A solution of 5.98 g (17.8
mmol) of 5-chloro-l,l,I-triphenylpentane in 40 ml of THF was
then added dropwise over a period of 20 min. The solution was
allowed to cool to room temperature over a period of 20 min with
continued stirring before carbonation of the deep red colored
solution. The usual work-up gave 0.64 g of acids and 4.69 g of
neutral material. Analysis® of the methyl esters of the acids by
glpc at 295° showed the presence of the following substances,
listed as area per cent (retention time relative to methyl 6,6,6-
(riphenylhexanoate): 1 (0.29), 6 (0.32), 67 (0.35), 8 (0.48), 2
(0.67), 3 (0.77), and 3 (1.1). Analysis of the neutral material
bv glpc at 250° gave the products, listed as area per cent (relative
retention time): 1.1 (0.29), 18 (0.39), 7.5 (0.63), 11 (0.73), 60
(1.00, 1,1,1-triphenylpentane, 12), 1.7 (1.4). A portion (2.24 g)
of the neutral material was chromatographed on 180 g of neutral
aluminum oxide (Merck, reagent grade) with elution by petro-
leum ether-benzene; there was separated 0.41 g of product, mp
59-60°, and another 0.26 g, mp 56-60°. This product was iden-
tified as 12 on the basis of melting point and mixture melting
point comparisons with the hydrocarbon prepared by hydrolysis
of the Grignard reagent from 5-chloro-1,l,I-triphenylpentane.

Reaction of 5-Chloro-l,l,I-triphenylpentane with Cs-K Alloy.
—1In the usual apparatus were placed 4.20 g (0.0316 g-atom) of
cesium and 1.14 g (0.0292 g-atom) of potassium in 250 ml of THF.
The solution was stirred at reflux temperature for 30 min and then
cooled to —35 + 2°. To the deep blue solution was added 5-
ehloro-1,I,I-triphenylpentane (4.53 g, 13.1 mmol) in 30 ml of
THF over a period of 30 min; the solution developed a deep
red-brown color like that of bromine and was stirred at —35° for
an additional 30 min. Some 60% of the solution was then
forced onto solid carbon dioxide and to the remainder in the flask
was added 10 ml of methanol over a period of several minutes.
After the usual work-up the carbonated portion yielded 2.2 g of
acids and 0.16 g of neutral material. According to glpc analysis%
of the methyl esters, the acids consisted of some 14 components,
seven of which, constituting 90 area per cent of the total, were of a
molecular weight near that of the starting chloride, while the
remainder were cleavage products. The neutral material from
the carbonation consisted of some 83% of 12 containing a small
quantity, evidently, of 9b. The product from the decomposition
with methanol amounted to 1.7 g. According to glpc at 245° this
consisted primarily of four components, listed as area per cent
(retention time in minutes, identity): 30 (9.2, 12), 19 (9.8, 9b),
35 (11.4, 8b), 6.7 (13.2, 11), along with some 9% of cleavage
products of which that of longest retention time (4.6 min) was
evidently triphenylmethane (ca. 1%). The nmr spectrum of this
mixture of hydrocarbons (in CC14) had characteristic absorption
(complex multiplets) at t 2.87 (aromatic H), 4.28 (vinyl H), and
7.28 (allylie I1) in a ratio of 2.2:1.0:1.0; the high ratio of vinyl
to aromatic hydrogen suggests that the fluorene 9b, found on glpc
analysis, was present in the original reaction mixture as the corre-
sponding tetrahydrofluorene 8b. We have found that, whereas
crude 8b can sometimes be distilled at 0.1 mm at a bath tem-
perature of 110° without dehydrogenation, yet on standing for
5 days at room temperature in an open evaporating dish some
half of the tetrahydrofluorene was dehydrogenated (oxidized?) to
9b; after 4 more days this dehydrogenation was nearly complete.
A portion of the product from decomposition with methanol was
subjected to chromatographic separation on silica gel (elution with
pentane-benzene); a fraction, which according to glpc was a
50:50 mixture of 12 and 9b, absorbed at X~°H266, 294, and 306
nm, just as found, but at essentiall}' half the intensity, for 9a.

A repetition of this run, but after addition of 5-chloro-I,1,I-
triphenylpentane with stirring for 1 hr at 0° (rather than 30 min

Grovenstein, Beres, Cheng, and Pegolotti

at —35°), gave upon carbonation a 39 :61 (by weight) of neutral
products to acids. Some 90% of both the acids and neutral
products were products in which one or more of the C-C bonds
of the original 1,1,1-triphenylpentane derivative had been
cleaved.

Reaction of 5-Chloro-1,1,1-triphenylpentane with Cs-K-Na
Alloy.—In the usual apparatus was placed 4.83 g (0.0363 g-
atom) of cesium, 1.59 g (0.041 g-atom) of potassium, and 0.20 g
(0.0087 g-atom) of sodium in 250 ml of THF. The mixture was
stirred vigorously at reflux for 1 hr, then cooled to —68 + 2°,
and held at this temperature while 4.4-s g (14.4 mmol) of 5-
chloro-LI,I-triphenylpentane in 30 ml of THF was added over a
30-min period. Stirring was continued for an additional 30 min;
then 10% of the brown-red solution was forced onto solid carbon
dioxide; and to the remainde rin the Morton flask was added
rapidly, through a dropping funnel, 250 ml of methanol. The
usual work-up of the carbonated portion gave, after esterification
with diazomethane, 0.50 g of methyl esters and 0.08 g of neutral
material. Analysis¥of these by glpc at 255° gave products listed
as area per cent (retention time in minutes, identity): for the
esters, 6 (3.6 and 3.9), 43 (6.4), 17 (7.4), 17 (11.3), and 17 (14.2);
for the neutral material, >90 (6.3, 12), trace (6.9, 9b). The
neutral product from decomposition with methanol amounted to
3.71 g; analysis by glpc at 255° gave (similarly listed): ~3 (6.3,
12), 17 (6.9,' 9b), 75 (7.8, 8b), and 5 (9.0, 11). An nmr analysis
(CCh) upon the crude product from methanol decomposition
gave characteristic peaks at t 2.84 (aromatic I1), 4.25 (vinyl H),
and 7.25 (allylic H) in a ratio of 1.10:1.00:0.94. The glpc
analysis, however, leads to a ratio of aromatic to vinyl hydrogens
of 1.59; evidently all of the fluorene 9b is contained in the original
product as the tetrahydrofluorene 8b, but the latter dehydro-
genates in part under glpc conditions. If this assumption is
correct, the predicted ratio of aromatic to vinyl hydrogen is 1.05
(essentially that found). Storage of the CCh solution used for
nmr analysis for 53 days at 5°, followed by repeated nmr analysis,
gave the original peaks now in a ratio of 1.80:1.00:1.07 for aro-
matic, vinyl, and allylic hydrogen, respectively. The neutral
product (3.7 g) was chromatographed on 300 g of neutral alumina
(Merck) with elution by petroleum ether-benzene; there was
obtained some 1.5 g of a mixture of the fluorene and the tetra-
hydrofluorene. A midcut of this (0.41 g) was intimately mixed
with 0.10 g of 10% Pd on carbon catalyst, put into a sublima-
tion apparatus, and heated at 90-110° at 0.01 mm for 8 hr.
There was sublimed 0.28 g of product, mp 88-90°: recrystalliza-
tion from ethanol gave 0.12 g, which after vacuum sublimation
had mp 97.5-98.0°. This compound was found to be identical
with an authentic sample of 9-w-butyl-9-phenylfluorene accord-
ing to mixture melting point and ir spectral comparisons; the uv
spectrum was identical with that of 9a.

In four runs similar to that described above (in one of these the
reaction mixture was jetted into 1200 ml of ice water rather than
decomposed with methanol) the average yield (glpc) of 11 was
6 * 3%, that of 12 was 3 + 3%, and the remainder was, ac-
cording to nmr analysis, primarily 8b, although glpc analysis
again showed variable quantities of 9b. The yield of hydro-
carbons was quantitative in these runs. Distillation at a bath
temperature of 100° and a pressure of 0.1 mm showed that at
least 84% of the hydrocarbon was volatile; this distillation some-
times, but not always, converted tetrahydrofluorene partially to
fluorene according to nmr analysis. For complete conversion of
tetrahydrofluorene to fluorene, the best procedure found was to
heat (115°) with and ultimately distil in vacuo from 5% Pd/C
catalyst (see above); this procedure converted some 80% of the
volatile hydrocarbon mixture to 9b according to nmr analysis
(based on the characteristic peaks of the fluorene at t 2.31 and
2.38 and the common peak for all aromatics near 2.9). The
identity of the 1,1,5-triphenylpentane in these runs rests on its
identity in retention time with an authentic sample in glpc
analysis on two columns (silicone gum rubber on Chromosorb G
and Apiezon L on Chromosorb P).

In a further run 5-ehloro-l,1,I-triphenylpentane (3.00 g, 9.0
mmol) was allowed to react, exactly according to the previous
procedure, with 1.5 g (0.019 + 0.002 g-atom) of Cs-K-Na alloy.
The reaction was terminated by forcing the reaction mixture
into a large excess of ice water. After extraction with ether, the
ethereal extract was dried over anhydrous MgSO< and then P>0;.
Analysis by glpc indicated the presence of 12 (68%), 9b (22%), 11
(3%), and 5-chloro-1,1,I-triphenylpentane (6%). After distilla-
tion in vacuo, analysis by nmr indicated the presence of 6% 8b
and 13% 9b in the distillate. Chromatography of 0.97 g of the
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distillate on 150 g of neutral alumina (Merck) with elution by
petroleum ether-benzene gave, after repeated chromatography of
mixtures obtained from the first chromatograph, 0.41 g of 12
(mp 58-60°), whose identity was established by mixture melting
point, ir, and nmr spectral comparisons with an authentic sample,
and 0.10 g of 9b (95% pure by glpc), whose identity was confirmed
by ir spectral comparison with an authentic sample.

Reaction of 1,1,1-Triphenylpentane with Cs-K-Na Alloy.—To
1.47 g (0.0194 g-atom) of CS-K-Na alloy in 250 ml of THF at
—60 + 3° was added over a 3-min period 0.281 g (0.935 mmol)
of 1,1,1-triphenylpentane in 5 ml of THF; vigorous stirring was
continued for 57 min more before decomposition by rapid addi-
tion of a large excess of methanol. The usual work-up gave 0.32
g of crude product, which according to glpc analysis% contained
>90% of a mixture of 9b and 8b (repetitive analyses gave variable
ratios of these) and traces of 12 and a cleavage product (retention
time relative to 9b 0.30 at 260°). The nmr spectrum (CCh)
had complex multiplets at t 2.84, 4.25, and 7.25 in a ratio of
0.91:1.0:1.1; the ratio of aromatic to vinyl hydrogen here is in
agreement with a composition of 97% of 8b and 3% of 12. The
product was mixed with 0.16 g of 5% Pd on carbon and subjected
to slow distillation in a sublimation apparatus at 0.05 mm and a
bath temperature of 115° for 4 hr. The nmr spectrum of the dis-
tillate showed disappearance of all vinylic and allylic hydrogens
and appearance of characteristic complex multiplets at r 2.31
and 2.38 and at 2.86 and 2.91 in aratio of 13:94, as expected for a
mixture containing 89% of 9b and 11% of 12.

Reaction of 1,1,1-Triphenylethane with Cs-K-Na Alloy. A.
Preparation of 9-Methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene
(8c).— The alloy (2.00 ml, 38.8 mg-atoms) was vigorously stirred
in the usual apparatus with 240 ml of THF at reflux for 1 hr.
The solution was cooled to —70° (deep blue solution, doubtlessly
containing some dissolved alkali metal) and a solution of 1,1,1-
triphenylethane (0.61 g, 2.37 mmol) in 10 ml of THF was added
dropwise with vigorous stirring over a period of 3 min. The
solution readily acquired a red color and after 1 hr of stirring at
—70° the deep brown-red solution was jetted into a 650-ml slush
of ice and water. The mixture was concentrated to 200 ml on a
rotating evaporator, chilled in an ice bath, and filtered to yield
240 mg of crystals, mp 94-96°. Analysis of these crystals by
glpcBlon a6 ft X '/sin. column packed with 5% SE-30on 100/120
mesh Aeropak-30 at 180° indicated that they consisted of about
97% of a compound identified as 8c and 3% of a compound
tentatively identified as 9-methyl-9(2,5-dihydropheny])-2,4a,4b,-
7-tetrahydrofluorene. In another experiment extraction of the
concentrated aqueous reaction mixture with ether gave a product
which consisted of >90% of 8c according to analsysis by glpc.
Reerystallization from ethyl alcohol gave 165 mg of white crys-
tals, mp 96.5-97.5°.

Anal. Calcd for CDHZY C, 92.26;
92.09, 91.93; II, 7.94, 7.87.

This compound exhibited the following properties: nmr
(CS2) at 60 MHz r 2.85 (5.0 H, multiplet, C&H,—), 4.25 and 4.37
(6.1 H, complex multiplet, vinylic 11), 7.25 (6.2 11, broad multi-
plet, allylic H), 8.67 (3.0 I, singlet, CH3); at 100 MHz vinylic
H t4.26 and 4.37 (6.0 H), allylic H 7.09 (2.0 H) and 7.29 (4.2 11);
X®°H247 nm (« 130), 253 (180), 258 (230), 264 (180), 268 (140); ir
(KBr pellet) 3010 (m), 2955 (w), 2940 (w), 2900 (w), 2860 (m),
2825 (m), 2795 (m), 1630 (w), 1595 (w), 1485 (m), 1440 (m), 1360
cm-1 (m); mass spectrum, molecular ion M + 260, fragments m/e
245 (M - CH3, 182 (M - C@&H3- H), 181 (M - C&#H3- 2H),
167 (M - CeH, - CH3- H), 165(M - C&#H3- CH5- 3H).

11, 7.74. Found: C,

B. Preparation of 9-Methyl-9-phenyl-2,4a,4b,7-tetrahydro-

fluorene-f?,7-d2— 1,1,1-Triphenylethane (600 mg, 2.32 mmol) was
again allowed to react with 2.0 ml of Cs-K-Na alloy according to
the previous procedure. This time the red solution was titrated
at —70° with a 1.2 M solution of DD (98.7 atom % D) in THF
until the color changed from red to blue-green (9.9 mmol of DD
was consumed; evidently there was much direct reaction of alloy
with 1)20). The reaction mixture was jetted into 650 ml of ice
water and then concentrated to 200 ml on a rotating evaporator.
The mixture was extracted with three 70-ml portions of ether
and the ether extract was dried over anhydrous MgSCV The
ethereal solution upon evaporation yielded a light yellow, crystal-
line residue which upon recrystallization from ethyl alcohol gave

(61) At the flow rate used under these conditions the following retention
times in minutes were observed: 1,1.1-triphenylethane, 7.2; 9-methyl-9-
phenylfluorene, 8.5; 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene, 9.6;
and the compound tentatively identified as 9-methyl-9(2,5-dihydrophenyl)-
2,4a,4b,7-tetrahydrofluorene, 10.8.
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430 mg (71% vyield) of crystals, mp 96-97.5°. This compound
gave nmr absorption in CS2at 60 MHz at r 2.85 (5.0 H), 4.25
(6.2 H), 7.12 and 7.30 (4.5 H), 8.67 (3.0 H); at 100 MHz the
vinylic protons were at r 4.26 and 4.37 (6.0 H) and the allylic
protons at 7.09 (1.9 I1) and 7.35 (2.5 H).

C. Dehydrogenation of 9-Methyl-9-phenyl-2,4a,4b,7-tetra-
hydrofluorene.— A carbon disulfide solution of a 100-mg portion
of the above 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene-
2,7-d.i was intimately mixed with 100 mg of 5% palladium on car-
bon catalyst (from Englehard Industries), the solvent was re-
moved in vacuo, and the mixture was heated for 2.5 hr at 100-120°
under a nitrogen atmosphere. The product was then distilled
from the catalyst at 0.1 mm with a bath temperature of 100°.
This oily product, according to analysis by glpc, consisted of
about 95% 9c and 5% 1,1,1-triphenylethane. The oil was re-
crystallized from ethyl alcohol to give crystals of mp 79-81°
which when mixed with an authentic sample of 9c (mp 85-87°)
melted at 80-83.5°. The infrared spectrum of this product was
essentially identical with that of authentic 9c.

Repetition of this dehydrogenation procedure with a protium
sample of 8c (mp 96.5-97.5°) but with a time of only 2 hr gave
by glpc analysis a product which consisted of 68% 9c, 6% 1,1,1-
triphenylethane, and the remainder starling material. The
presence of 9c in one such dehydrogenation mixture was further
confirmed by the uv spectrum of the mixture, which showed
characteristic maxima at 265, 293, and 304 m/t as found for au-
thentic 9c.

As a test of the present dehydrogenation procedure a sample of
1.1.1- triphenylethane (0.30 g) in carbon disulfide was mixed with
0.30 g of the 5% palladium on carbon catalyst, the solvent was
removed in vacuo, and the mixture was held at 100-110° under a
nitrogen atmosphere for 3 hr. The product was separated by
sublimation at 0.1 mm and was shown by glpc analysis to consist
of only 1,1,1-triphenylethane. This hydrocarbon is, therefore,
not dehydrogenated to 9c under the present mild conditions.

D. Titration with tert-Butyl Alcohol.— 1,1,1-Triphenylethane
(600 mg, 2.32 mmol) was allowed to react with 2.0 ml of Cs-K-Na
alloy in 200 ml of tetrahydrofuran at —70° for 1 hr according to
the procedure given previously. The deep red solution, while
being stirred at —70°, was then rapidly titrated with a 0.906
3/ solution of (erf-butyl alcohol in tetrahydrofuran to an end
point changing from red to blue-green. This required 4.98 ml
(4.52 mmol) of /erf-butyl alcohol (1.95 mol of alcohol per mol of
1.1.1- triphenylethane). In a repetition of this experiment 1.98
mol of (erf-butyl alcohol was required per mol of 1,1,1-triphenyl-
ethane. The reaction mixture was immediately jetted into ice
water. Analysis of the product by glpc showed the presence of
about 91% 8c and 9% of a material of slightly longer retention
time believed to be 9-methyl-9(2,5-dihydrophenyl)-2,4a,4b,7-
tetrahydrofluorene. Recrystallization from ethyl alcohol gave
a product, mp 95-97°, whose composition (via glpc analysis)
was, however, the same as before recrystallization.

Repetition of the experiment with 0.300g (1.16 mmol) of 1,1,1-
triphenylethane and 1.00 ml (19.4 mg-atoms) of Cs-K-Na alloy
but with a slow addition of 1.77 g (24 mmol) or (erf-butyl alcohol
in 10 ml of tetrahydrofuran over a period of 45 min to the initial
deep red solution, followed by jetting into ice water, gave a
product which by glpc analysis consisted of about 67% of 8c and
33% of 9-methyl-9(2,5-dihydrophenyl)-2,4a,4b,7-tetrahydro-
fluorene. The nmr spectrum in CS2 showed aromatic (« 2.8),
vinylic (4.15 and 4.25-4.60), and allylic (7.2-7.4) hydrogen peaks
inaratioof 1.0:1.9:2.0. A 2:1 mixture of the above tetrahydro-
fluorene and hexahydrofluorene should give a theoretical ratio of
1.0:2.1:2.2 for these protons. Dehydrogenation of this product
with 5% palladium on carbon at 100-110° for 3 hr gave a mixture
which consisted of 45% of 1,1,1-triphenylethane and 55% of 9-
methyl-9-phenylfluorene (glpc analysis). Evidently the hexa-
hydrofluorene gives largely 1,1,1-triphenylethane under the
present conditions of dehydrogenation.

Reaction of 2-Chloro-1,1,1-triphenylethane with Cs-K-Na
Alloy.— In the usual apparatus was placed 2.0 ml (0.036 g-atom)
of Cs-K-Na alloy and 200 ml of THF. The mixture was stirred
at reflux for 1 hr and then cooled to —65°. A solution of 4.39 g
(15.0 mmol) of 2-chloro-l,I,I-triphenylethane3l in 25 ml of THF
was added dropwise over a period of 30 min and stirring was con-
tinued for 7 min more at —65° before carbonation of the deep
brown solution. Quantitative glpc analysis of the product gave
35% yield of 2,2,3-triphenylpropanoic acid, 2% yield of a mix-
ture of some 10 volatile (as methyl esters) acids, some 4% of
nonvolatile acids, 4.6% of 1,1,1-triphenylethane, 42% of un-
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reacted 2-chloro-l,l.I-triphenylethane, and nonvolatile neutral
products. During the course of work-up of the reaction products
a crystalline material, mp 151.0-152.5° (from acetone), was iso-
lated.

Anal. Calcd for 1:1 compound of CMHICL and CAHI® 2
C, 82.74; H, 5.93; CI, 5.96, average mol wt, 297.5 Found:
C, 82.59; H,6.14; CI, 5.32; mol wt (acetone), 289.

The above analysis is in essential agreement with a 1:1 com-
pound of 2-chloro-l,1,I-triphenylethane3d (mp 101.0-101.8°)
and 2,2,3-triphenylpropanocic acid3l (mp 132.0-133.0°). This
postulated composition was qualitatively confirmed& by glpc,
nmr, uv, and mass spectral analyses.

Registry No.—8c, 33884-94-5; 9a, 33884-95-6; 11,
33884-96-7; 4-chloro-l,1,I-tripheny]butane, 33884-97-8;
5-chloro-l,l,I-triphenylpentane, 33S84-98-9; 1,1,1-
triphenylethane, 5271-39-6; lithium, 7439-93-2; potas-
sium, 7440-09-7 ; cesium, 7440-46-2; sodium, 7440-23-5;

(62) We are indebted to Mr. Thomas H. Longfield for this identification.
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1,1,1-triphenylpentane, 13630-39-2; 2-chloro-l,1,1-tri-

phenylethane, 33885-01-7; 5,5,5-triphenylpentane-

nitrile, 33885-02-8; 5,5,5-triphenylpentanoic acid,

33885-03-9; methyl 5,5,5-triphenylpentanoate, 33885-

04-0; 2,2,5-triphenylpentanoic acid, 33885-05-1; 1,1,4-

triphenylbutane, 33885-06-2; 6,6,6-triphenylhexane-

nitrile, 33885-07-3; 6,6,6-triphenylhexanoic acid, 33885-

08- 4; 1,1,5-triphenylpentanol-l, 33885-09-5; 9-methyl-
9- phenyl-2,4a,4b,7-tetrahydrofluorene-S,7-do, 33885-10-
8; 1:1 compound of 2-chloro-l,l,I-triphenylethane and
2,2,3-triphenylpropanoic acid, 33885-11-9.
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/3-Hydroxy ketones, having one of the oxygen-containing functions situated on a five- or six-membered carbon
ring and the other on a side chain, undergo highly stereoselective Grignard reactions except when chelation is

sterically inhibited.
pure diols.

ness of reactants to form chelates.

The preferential formation of a major diastereomer
in Grignard reactions of open-chain a-hydroxy ketones,
in which the carbonyl group is adjacent to a chiral
center, has been explained by the intermediacy of a
chelate.2 Similar reactions of /3-hydroxy ketones were
found to be less stereoselective and the results were ex-
plained by an “open-chain” instead of a “cyclic” transi-
tion state.3

Grignard reactions of /3-hydroxy ketones in which
one of the oxygen-containing functions is situated on a
five- or six-membered carbon ring constitute the present
study. The purpose of this investigation was to cor-
relate the results of reactions (expressed in stereo-
selectivity and yields) with the stereochemical readiness
of the organic substrates to form chelates with the
metallic ion.

Results

Stereoisomeric cis- and (raws-2-hydroxycyclopentane-
carboxylic ethyl esters were used for the synthesis of
several /3-hydroxy ketones in the cyclopentane series.
The chromatographic separation into cis (la) and
trans (Ib) esters was achieved and therefore the pre-
viously used4 procedure via separation of their 3,5-

(1) A portion of this work has appeared in preliminary form: E. Ghera
and S. Shoua, Chem. Commun., 398 (1971).

(2) (@ D. J. Cram and K. R. Kopecky, J. Amer. Chem. Soc., 81, 2748
(1959); (b) D. J. Cram and D. R. Wilson, ibid., 85, 1245 (1963).

(3) T. J. Leitereg and D. J. Cram, ibid., 90, 4019 (1968).

(4) (a) J. Pascual and J. Castells, ibid., 74, 2899 (1952); (b) H. Baumann,
N. C. Franklin, and H. Mohrle, Tetrahedron, 23, 433 (1967).

Thus, 2-a-hydroxyalkyl- (or 2-hydroxyaryl-) cyclopentanones and cyclohexanones yield
cfs-2-Acylcyclopentanols also undergo stereospecific additions whereas similar reactions of trans-
acylcyclopentanols resulted in poor yields and low stereoselectivity.
reacted stereospecifically and in high yields with Grignard reagents.

By contrast, /rares-2-acylcyclohexanols
The results are correlated with the readi-

dinitrobenzoates was unnecessary. The difference
between the chemical shifts of the methylene quartet
of the ester function in the nmr spectrum proved to be
a better criterion for the determination of isomeric
purity than the previous assignment based on the band
width of the proton adjacent to the hydroxyl group.4
Ketols 2 and 3 (Table 1) were prepared from cis-
hydroxy ester la by the corresponding Grignard reac-
tions followed by Jones oxidation. Six-membered
homologs 7 and 8 viere preferentially prepared from
irans-2-hydroxycyclohexanecarboxylic esters by the
same sequence. 2-Benzhydrylcyclopentanone 6 was
obtained by dehydration of hydroxy ketone 2 to 2-
benzylidenecyclopentanone and subsequent hydro-
genation. cis- and irans-2-benzoyl- and -2-acetyl-
cyclopentanols (20a, 20b, 21a, and 21b, Table Il) were
prepared from m-2-hydroxycyclopentanenitrile and
MeMgBr or PhMgBr, respectively, followed by the
hydrolysis of formed imines. Equilibration occurred
during these reactions and the mixture of cis and trans
ketols was separated by chromatography. Compounds
20a and 20b vEre also obtained from the reaction of
(ran.s-hydroxv ester Ib with PhMgBr (see Experimental
Section). Stereochemical assignments in this series
were based on the differences in hydroxyl stretching
frequencies in the infrared spectra: unlike cis-2-
aeylcyclopentanols, the trans isomers do not show the
presence of intramolecular hydrogen bonding (Table
I11). Independent synthesis of diols 24a and 27a
from czs-hydroxy ester la served as an additional proof
for the cis configuration of compounds 20a and 21a.
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Table |

Grignard Reactions of 2-Substituted Cycloalkanones

Reactant

Reagent
n

2, Ri = R: = Ph; Rs = OH MeMgBr
3, Ri - R mMe; Rs = OH PhMgBr
45 Ri = Ph; Rz = H; Rs = OH MeMgJ
5 *Ri = Re = H;Rs = OH PhMgBr
6, Ri = R2 = Ph;Rs = H MeMgJ

MeMgBr
7, Rt= R2= Ph; R3= OH MeMgBr
8, hR, - R2= Me; Rs= OH PhMgBr
9, "Ri = Ph; R2= H; R, = OH MeMgBr
10,* Ri = Me; R2= H; R3= OH PhMgBr

ProductO
RS
WV 2
C 1 Overall Stereo-
—(CH), yield, % selectivity, »
1
11, R4 = OH; Rs Me 68 100
12, R4 = OH; R5- Ph 60 100
13, R4 = OH; Rs- Me 71 100
14, r4= OH;R5= Ph 32* 100
flSa, R4 = OH; Rs = Me 78* 56*
\Isb, R4= Me; R5= OH 8H 75/
2
16, R4 = OH; Rs = Me 38? 100
17, R4 OH; Rs = Ph 27 100
18, R4 - OH; Rs = Me 78 100
/ 19a, .
\I9b R4 = OH, Rs = Ph 54 100

“ Data on reaction conditions and newly prepared compounds are given in the Experimental Section and Table 1V ; the limit of de-

tection for the minor diastereomer is <1%.
4543/(1960).
sent per cent of 15a in the epimeric mixture.
Senyek, and S. Cohen, J. Org. Chem., 30, 3207 (1965).
" Cf. ref 7.

bPure diastereomer.
a-Methylbenzyl alcohol and cleavage products were also formed.
" Starting material and diphenylmethylcarbinol were also isolated.
* About 50% of starting material was recovered in variable reaction conditions.
k Cf. F. Fries and F. Broich, Chem. Abstr., 53, P7056g (1959).

* Cf. T. Takahashi, A. Kato, and S. Matsuoka, Chem. Abslr., 54,

eFor MeMgJd. f For MeMgBr; the values repre-

hJ. Wolinsky, M.

Compound 10 consisted of a diastereomeric mixture

inseparable by distillation or chromatography, as evidenced by nmr spectroscopy; both products, 19a and 19b, were cis diols (see

Experimental Section).

Tabte Il

Grignard Reactions of 2-Acylcycloalkanols

Reactant Product”
Ve "
iinr,
fr o1 1 R'R- Overall Stereo-
1— (CH), Reagent - (CH), yield, % selectivity, %'
n—1
20a, R = Ph; R, = OH;R2=H PhMgBr 24a, R3= Ph 72
MeMgBr /25a, R = Ph; R3= Me 76 93
\26a, R = Me; R3= Ph 6
20b, R = Ph; R, = H; R2= OH PhMgBr 24b, R3= Ph ™
MeMgBr** /25b, R3= Me; R = Ph 16 60
\26b, R = Me; R3 = Ph 11
2l1a, R = Me; Ri = OH; R2=H PhMgBr 26a, R = Me; R3= Ph 73 100
MeMgBr 27a, Rs = Me 70
21b, R = Me; Ri = H; R2= OH MeMgBr 27b, R3 = Me 15
n 2
22a, R = Ph; R, = OH; R2=H PhMgBr 28a,* R3 = Ph 41
MeMgBr 29a, R = Ph; R, = Me 49 100
22b, R = Ph; Ri = H; R2= OH PhMgBr 28b,* R3 = Ph 82
MeMgBr 29b, R = Ph; R3 = Me 82 100
23, R = Me; Ri = H;R2= OH PhMgBr 30b, R = Me; R3 = Ph 83 100
MeMgBr 31lb,* Rs = Me 84

“ The substituents not mentioned in the product are the same as in the reactant.
chiral center is formed and represent per cent of the major isomer in the diastereomeric mixture.
were obtained in about the same yields and by the manner shown for the reaction of Ib and PhMgBr (see Experimental Section).
reaction mixture yielded, in order of chromatographic elution, 1-benzoylcyclopentene, 20b, 26b, and 25b.

All Grignard reactions of hydroxy ketones were car-
ried out with excess of reagent and the crude reaction
mixtures were submitted to tic and nmr analysis.
Isomeric diols (if present) usually showed chemical-
shift differences for the methyl proton signals and for the
protons adjacent to the hydroxyl groups. All diols
were separated from by-products by column chro-
matography.

Hydroxy ketones 2-5 (Table 1) afforded pure diols
to which the cis configuration was assigned on the basis
of presence of intramolecular hydrogen bonding in the

bValues are given for reactions in which a new
* All other products from this reaction
dThe
* Cf. ref 21.

infrared spectra. Trans diols (e.g., 25b or 26b, Table
I11) were devoid of intramolecularly bonded OH.5

In the cyclohexane series, similar reactions of hydroxy
ketones 7-10 also resulted in the formation of cis diols
exclusively. The assignment of configuration was
based on the known preference for trans attack in 2-

(5) The relative large torsional angles for vicinal trans substituents in

cyclopentanes are responsible for this difference; see E. L. Eliel, N, A.
Allinger, S. J. Angyal, and G. A. Morrison, “Conformational Analysis,”
Wiley, New York, N. Y., 1965, p 203.
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Table 111

Infrared Hydroxyl Stretching Frequencies”

Compound Ffree6 “bonded
3 3623 (sh) 3529 (s)
8 3633 (sh) 3548 (s)
12 3637 (w) 3509 (s)

20a 3646 (sh) 3509 (s)
20b 3629

2la 3537 (br)
21b 3630

25a 3673 (w) 3506
26a 3634 (w) 3526
25b 3630

26b 3611

27a 3635 (w) 3507 (s)

“ Recorded on a Beckman IR-7 spectrophotometer. The con-
centration was 0.02 M in Spectrograde CCIl,. bs, strong; sh,
shoulder; w, weak; br, broad.

substituted cyclohexanones6 and previous observa-
tions.7 In variance with compounds 2 and 3, their six-
membered homologs 7 and 8 reacted in lower yields and
significant amounts of starting material were recovered.
The reactions of 2-benzhydrylcyclopentanone (6, de-
void of a chelating hydroxyl group) with MeMgl and
MeMgBr were less stereoselective and the configura-
tional assignments of the obtained isomeric alcohols
15a and 15b were based on nmr evidence (the methine
proton was deshielded when cis oriented to the hydroxyl
group).

Grignard reactions of cfs-acylopentanols (Table I1)
were characterized by good yields and high stereo-
selectivity. Thus, cfs-2-benzoylcyclopentanol (20a)
afforded, with MeMgBr, the diol 25a (93% stereo-
selectivity), whereas as-2-acetylcyclopentanol and Ph-
MgBr yielded its diastereomer (26a) exclusively. The
nmr spectra were in agreement with the shown con-
figurations in which the stablest conformation implies
intramolecular hydrogen bonding and pseudoequatorial
orientation for the side chain.

In 26a the proton adjacent to the hydroxyl group is
shielded (5 3.77) owing to the anisotropy of the phenyl
group (above or below the plane of the aromatic ring),
whereas in 25a it is not (5 4.64). Conversely, the
methyl group is relatively nearer to the secondary
hydroxyl group in 25a (5 1.70) than in 26a (5 1.38).

The corresponding irans-2-acylcyclopentanols be-
haved very differently in terms of yields of diols and
stereoselectivity of reactions. Unlike the cis isomer,
¢rans-2-benzoylcyclopentanol (20b) afforded with Me-
MgBr only small amounts of diastereomeric diols 25b
and 26b and some of the starting material was recov-

(6) G. Di Maio, M. T. Pellegrini, and P. A. Tardella, Ric. Sci., 240 (1968);
Chem. Abstr., 69, 77064f (1968).

(7) H. E. Zimmermann and J. English, J. Amer. Chem. Soc., 76, 2285
(1954).
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ered. The stereochemical assignments for trans diols
25b and 26b were based on oxidation results and cor-
relation with cis diols (Scheme I).

Scheme |

Me Me Me

29a 29b

The particular reaction of 20b and PhMgBr afforded
(in order of chromatographic elution) 1-benzoylcyclo-
pentene (24%), cis ketol 20a (13%), trans diol 24b
(8%), and trans ketol 20b (28%). a-Methylbenzyl
alcohol was also obtained (in amounts varying between
5 and 20% of the total material) even when the reac-
tion was conducted under pure nitrogen.8 The latter
compound was not detected in an identical reaction of
20a and its formation might be due to lower reactivity
of 20b toward PhMgBr.9

In reactions paralleling those of 2-acylcyclopentanols,
cfs-hydroxy ester la afforded readily the corresponding
diols whereas trans isomer Ib gave results similar to
those obtained from trans ketols 20b and 21b. Hence
the conversion, hans-hydroxy ester -> trans ketol
takes place normally.

In contrast to iraiis-2-acylcyclopentanols, Grignard
reactions of ;rans-2-acylcyclohexanols proceeded with
complete stereospecificity and very good yields; the pure
diol (29b) obtained from 22b and MeMgBr was diaster-
omeric with diol 30b, formed exclusively in the reaction
of 23b and PhMgBr. The configurational assignment
for 29b was based on the chemical shift of the proton
adjacent to the hydroxyl group which showed strong
shielding (5 3.11) owing to the anisotropy of the phenyl
group in a hydrogen-bonded conformation. In the
cis series, 2-benzoylcyclohexanol 22a afforded com-
paratively lower Yields of diols. Jones oxidation of
the diol 29a and correlation with the diol 29b (Scheme
1) proYuded the configurational assignment.

In agreement with the above results, Grignard re-
actions of fr<ms-2-hydroxycyclahexanecarboxylic esters
also afforded significantly higher yields of diols than the
corresponding cis-hydroxy esters (see Experimental
Section).

(8) The formation of this compound was reported to occur when ether
solutions of PhMgBr were exposed to oxygen [e.g., C. Walling and S. A.
Buckler, ibid., 77, 6032 (1955)].

(9) Free radicals were detected in THF solutions of phenyl ketones in
presence of PhMgBr and their concentration depended on the concentration
of reagents. Cf. K. Maruyama, Bull. Chem. Soc. Jap., 37, 897 (1964).
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Discussion

The accepted “reactant-like” transition state for
Grignard additions®D and the stereochemical assign-
ments for the products obtained permit the discussion
of results in terms of cyclic models I-VI. In these
models a distorted half-chair conformation can prob-
ably be assumed for the chelated rings on the basis of
tetrahedral orientation cof Mg bonds, greater O-Mg
bond distances (2.10 A) and recent conformational
studies on 1,3 heterocycles.l Inspection of steric
models shows that there is a relationship between the
conformational and configurational properties of re-
actants and the stereoselectivity and yields of additions:
an orientation of C-0 bonds which allows formation of
chelates with lesser strain and lesser nonbonded inter-
actions ensures higher yields and stereospecificity in
Grignard reactions. Thus, the addition to models
I and 1V is stcreospecific because the “endo” approach
(from below) of the reagent is hindered. By contrast,
in nonchelated 2-substituted cyclopentanones2 and
cyclohexanones6 the minor stereoisomeric Grignard
adduct was usually also formed. Even the pres-
ence of a bulky substituent (in compound 6) did not
prevent the formation of the minor isomer. Recovery
of starting material from reactions of compounds 7 and
8 suggests that nonbonded interactions between bulky
substituents and ring bonds are stronger in chelates
formed from cyclohexane than cyclopentane deriva-
tives13 and therefore tautomeric shifts enable the for-
mation of less hindered chelates by enol participation.

The Grignard reactions of stereocisomeric 2-acylcyclo-
pentanols permitted to establish the difference in be-
havior between the isomers able to form chelates and
those unable to do so. Model Il allowed a stereo-
selective approach of the reagent (from above) and the
addition yields were probably enhanced by bond polar-
ization. By contrast, addition of reagents to trans-2-
acylcyclopentanols was inhibited and not stereoselec-
tive. Isolation of both 20a and 20b from the reaction

(10) Cf. (@) G. J. Karabatsos, J. Amer. Chem. Soc., 89, 1367 (1967);
(b) M. Cherest and H. Felkin, Tetrahedron Lett., 2205 (1968).

(11) E. L. Eliel, Accounts Chem. Res., 3, 1 (1970).

(12) J. P. Battioni, M. L. Capmau, and W. Chodkiewicz, Bull. Soc.
Chim. Ft, 976 (1969).

(13) The intramolecular hydrogen bonding is somewhat stronger in com-

pound 3 (i.e., Av is greater) than in compound 8 (Table I11).
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of ¢rans-2-benzoylcyclopentanol (20b) with PhMgBr
and the loss of deuterium in the above compounds
(when deuterated 20b in the a position to the carbonyl
was used in this reaction) show that the ketone-enol
equilibrium was shifted toward the enol and the chelate
(model 111) was formed by the flattening of the mole-
cule. 1-Benzoylcyclopentene, which was also obtained
in the above reaction, was not formed under similar
conditions from the cis isomer 20a where a trans elim-
ination would favor its formation. Hence the elimina-
tion occurred from complex I11.

Participation of two (trans) equatorial bonds in the
formation of a nonstrained chelate VI ensured stereo-
specific high-yield addition to irans-acylcyclohexanols
by the approach of the reagent from the less hindered
side (from above). In cis-acylcyclohexanols chelate
formation involves an axial and an equatorial bond
(model V) and the lesser stability of a pseudo cis-
fused bicyclic model is reflected mainly in lower yields
of diols.

In conclusion, the results obtained indicate the pos-
sibility of asymmetric synthesis starting from a variety
of acylcycloalkanols. 4

In open-chain /3-hydroxy ketones the cyclic models
did not predict the correct addition results and it has
been assumed that this may be due to the possible lower
stability of six- than five-membered chelated rings.3
Present results show however that six-membered
chelates of /3-hydroxy ketones can be readily formed.
Hydride reductions of some open-chain /3-hydroxy
ketones, monosubstituted at the central carbon atom,
were reportedl8356to be stereoselective owing to attack
from the less hindered side of a cyclic model, in respect
to the a substituent. It seems therefore reasonable to
assume that a cyclic model also predominates in the
transition state of the reported3 Grignard reactions of
4-hydroxy-4-phenyl-2-pentanone and [,3-diphenyl-3-
hydroxy-l-butanone, but that the effect bulks of the /3
substituents, in absence of an a substituent to the car-
bonyl group, do not exercise an orienting effect.7 Sub-
stitution at the central carbon atom in the presently
studied /3-hydroxy ketones exercised a decisive orient-
ing effect, when chelation was sterically possible.

Experimental Section

Melting points were determined on a Kofler hot-stage micro-
scope and are uncorrected. Nmr spectra were obtained on a
Varian A-60 spectrometer using tetramethylsilane as an internal
standard and CDCI3as solvent. Florisil 60-100 mesh was used
for column chromatography, if not specified otherwise. Silica
gel Merck (0.05-0.2 mm) was used in columns loaded by the
“dry column” method®B (the components were eluted by the
standard manner).

Separation of cis- and trans-2-Hydroxycyclopentanecaiboxylic

(14) A stereospecific Grignard addition to l-acyl-2-methoxycyclohexane,
part of a thebaine derivative, was reported by K. W. Bentley, D. G. Hardy’,
and B. Meek, J. Amer. Chem. Soc., 89, 3273 (1967). In this particular case
the approach to one of the carbonyd faces was hindered by the presence of an
etheno bridge in the cyclohexane ring.

(15) J. P. Maffrand and P. Maroni, Bull. Soc. Chim. Fr., 1408 (1970).

(16) S. Yamada and K. Koga, Tetrahedron Lett., 1711 (1967).

(17) The assumption of the authors that the stereoselectivity is predicted
by an open-chain model was mainly based on results obtained in the reaction
of 4-hydroxy-4-phenyd-2-pentanone and PhMgBr. Repeating the determina-
tion of the OH stretching frequency’ in the infrared spectrum of the above
hydroxy ketone (in 0.02 M CCU solution), we found only a broad absorption
between 3480 and 3520 cm-1 which is in complete agreement with a chelated
(by hydrogen bonding) rotamer.

(18) B. Loev and M. M. Goodman, Chem. Ind. (London), 2026 (1967).
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Ethyl Esters la and Ib.—The mixture of stereoisomers4 (10 g)
was separated by chromatography using the “dry column”
method. Elution with pentane and 20% ether afforded first
the cis isomer la (6.4 g), nmr s4.20 (q, 2, COOCH2, J = 7 Hz),
followed by a few fractions of a mixture of la and Ib and then
pure trans isomer Ib (2.6 g), nmr S4.16 (q, 2, COOCH2, J =
7 Hz).

In an alternative preparation of irans-hydroxy ester Ib, a mix-
ture of irans-2-hydroxycyclopentanecarbonitriles (18 g) and 150
ml of 15% aqueous KOH was refluxed during 4 hr, cooled, washed
with ether, acidified with 10% HC1, and extracted with ether.
The ether solution was dried and evaporated in vacuo, and the
residue was dissolved in absolute ethanol (150 ml) saturated with
hydrogen chloride. After 5-hr reflux the solvent was distilled
in vacuo and water was added and the mixture was extracted
with ether. The residue left after evaporation of the solvent
was chromatographed as shown above to give S.. g of Ib.

Grignard Reactions of Hydroxy Esters la and Ib. General
Procedure.— A solution of the hydroxy ester (10 mmol) in 100
ml of dry ether was added dropwise under nitrogen to the ice-
cooled solution of the Grignard reagent (PhMgBr or MeMgJ, 80
mmol in 100 ml of dry ether). The mixture was stirred (4 hr for
PhMgBr and overnight for MeMgJ) at room temperature, then
hydrolized with excess of NHAC solution, the organic layer was
separated, and the aqueous phase was extracted several times with
ether. The combined ether layers were washed (aqueous NaCl
solution) and dried (Na:S04), the solvent was evaporated in
vacuo, and the residue was chromatographed.

The cfs-hydroxy ester la afforded by the above procedure the
diols 24ad (71% yield, elution with hexane and 10% ether) and
27a (73% yield, elution with pentane and 20% ether), respec-
tively.

In the reaction of hydroxy ester Ib and MeMgJ about 70% of
the material was not recovered by extraction. Chromatography
of the residue gave a low yield (11%) of diol 27b (elution with
pentane and 30% ether).

The residue (2 g) from the reaction of Ib and PhMgBr was
chromatographed on silica by the dry column method and af-
forded 0.52 g of 1-benzoylcyclopentene (23% yield, elution with
pentane and 5% ether), varying amounts of a-methylbenzyl
alcohol (0.1-0.4 g, pentane and 10% ether), efs-2-benzoylcyclo-
pentanol (20a, 0.35 g, 14% yield, elution with pentane and 30%
ether), frans-2-(<x-hydroxybenzhydryl)cyclopentanol (24b, 0.16 g,
5% vyield), and frans-2-benzoylcyclopentanol (20b, 0.64 g, 26%
yield, pentane and 40% ether). The separation of 24b and 20b
was completed by repeated chromatography, using as eluentsz o %
benzene and S0% methylene chloride. 1-Benzoylcyclopentene
had bp 92° (0.5 mm), «“d 1.564, nmr 56.53 (m, 1, iol 2 = 5 Hz),
uv max (EtOH) 251 nm (e 16100), ir (CI1C13) 1680 cm*“1

Anal. Calcd for Ci2H120: C, 83.69; H, 7.02. Found: C,
83.52; H, 7.21.

The previously reported reactionsz: of cis- and irares- -hydroxy-
cyclohexanecarboxylic esters with PhMgBr and MeMgl were
repeated (in conditions shown for la and Ib) to determine and
compare the yields of diols obtained from both stereoisomers.
ci's-2-(a-Hydroxybenzyhydryl)cyclohexanol (28a) and cis-2-(a-
hydroxyisopropyl)cyclohexanol were obtained in 42 and 64%
yields, respectively (after chromatographic purification), whereas
the corresponding trans isomers (28b and 31b) were formed in 82
and 84% yields.

Preparation of Hydroxy Ketones >, 3, and 7 (Table 1).—The
diol (10 mmol) was dissolved in acetone (25 ml for diols 27a and
31b) and 75 ml for 24a) and 2.5 ml of Jones reagent was added
dropwise to the cooled solution (5°). After stirring for 5 min the
mixture was diluted with water and extracted with chloroform.
The organic layer was washed (CO3HNa and NaCl solutions),
dried, and evaporated in vacuo.

Diol 24a (2.68 g) afforded 1.70 g (64%) of 2-(«-hydroxybenz-
hydryl)cyclopentanone (2), mp 165° (from chloroform ai d hex-
ane).

Anal. Calcd for CisHiso 2 :
81.42; H, 6.78.

Diol 27a (1.44 g) afforded, after chromatographic purification,
0.87 g (61%) of 2-(a-hydroxyisopropyl)cyclopentanone (3): bp

C, 81.17; H, 6.81. Found: C,

(19) M. Mcmsseron, J. Julien, and F. Winternitz, Bull. Soc. Chim. Fr.,
878 (1948).

(20) All diols were obtained also from the corresponding hydroxy ketones
(Table 11). Data for new compounds are given in Table IV.

(21) H. E. Zimmerman and J. E. English, 3. Amer. Chem. Soc., 75, 2367
(1953).

Ghera and Shoua

50-52° (0.3 mm); nMD 1.458; nmr 51.19 (s, 3, CHJ3), 141 (s, 3,

CHDJ).
Anal. Calcd for CsH1w02: C, 67.57; H, 9.93. Found: C,
67.52; H, 10.12.

Diol 28b (2.8 g) yielded 2.1 g (75%) of 2-(<*-hydroxybenzydryl)-
cyclohexanone (7), mp 174° (from chloroform and hexane).

Anal. Calcd for C,»H.,,02 C, 81.39; H, 7.18. Found: C,
81.25; H, 7.05.

2 -(«-Hydroxybenzyl)cyclopentanone (4) was prepared by the
method reported.. for the six-membered-ring homolog. The
unreacted cyclohexanone and benzaldehyde were eliminated by
distillation in vacuo and the part of the residue which was soluble
in ether was chromatographed by the dry column method. Com-
pound 4 was obtained by elution with pentane and 5% ether, in
16% yield, mp 60-61°, (from hexane), nmr 55.25 (d, 1, CHOH,
J = 3Hz), ir (CHCIj) 1735cm"1

Anal. Calcd for Ci:HMV2 C, 75.76;
75.92; H, 7.48.

The diastereomer of 4 (5 4.72, d, 1) was also present in the
reaction mixture but was not isolated pure.

2 -Benzhydrylcyclopentanone (s ).— A solution of hydroxy
ketone 2 (0.78 g) in 50 ml of benzene and 100 mg of p-toluene-
sulfonic acid were refluxed for 1 hr. The resulting yellow solu-
tion was washed (aqueous C03HNa solution and water), dried,
and evaporated in vacuo. 2-Benzylhydrylidenecyclopentanone
hadmp 116-117° (from hexane).

Anal. Calcd for CisHisO: C, 87.06; H, 6.50.
87.31; H, 6.61.

The above compound (0.6 g) in 20 ml of methanol was hydro-
genated over palladium on carbon powder. After absorption of
the calculated volume of gas, the catalyst was removed by filtra-
tion and the solvent was evaporated. Chromatography of the
residue (elution with pentane and 5% ether) afforded 0.42 g of 6,
mp 91-92° (from ether and pentane), nmr 54.64 (d, 1, Ph.CH-,
J = 5Hz), ir (CHCIs) 1736 cm 'L

Anal. Calcd for CisH10: C, 86.36; H, 7.25.
86.12; H, 7.31.

cis- and irans-: -Benzoylcyclopentanols (:oa and 20b).—The
reportedis - -hydroxycyclopentanenenitrile consisted of a stereo-
isomeric mixture which was separated by chromatography into
trans isomer (72% of the total, elution with 1:1 pentane-ether)
and cis isomer (28%, 1:2 pentane-ether). The trans configura-
tion of the main isomer was verified as follows. A solution of the
compound (0.5 g) in 10 ml of ethanol saturated with hydrogen
chloride was kept at 10° for 48 hr. Evaporation of the solvent
in vacuo, warming of the residue with 10 ml of water on a water
bath during 30 min, and extraction with ether afforded the irans-
hydroxy ester Ib (0.32 g). The cfs-hydroxy nitrile did not react
in the above conditions.

To an ice-cooled solution of PhMgBr (from 10 g of PhBr) in 70
ml of dry ether was added a solution of : -cfs-hydroxycyclopen-
tanenitrilezs (« g) in 25 ml of benzene and the reaction was con-
tinued at roon temperature for 3 hr. Hydrolysis and extrac-
tion (as shown for Grignard reactions of esters) yielded a residue
which was stirred for 45 min at room temperature with a mix-
ture of 10% AcOH (10 ml) and 10% HC1 (10 ml). Water was
then added and the mixture was extracted twice with ether.
The combined ether layers were washed with aqueous solutions of
Na.C 0z and NaCl, dried, and evaporated to give a residue which
was chromatographed on a silica “dry” column affording at first
cfs-2-benzoylcyclopentanol (:0a, 130 mg, elution with pentane
and 30% ether): bp 102° (0.15 mm); w21« 1.556; nmr s 3.60
(m, 1, COCH-), 4.62 (br, 1, CHOH, wy: = s Hz); ir (CHC13
1671 cm“1

Anal. Calcd for CizHM 2. C, 75.76; H, 7.42.
75.62; H, 7.38.

irans-2-Benzoylcyclopentanol (20b, 255 mg) was eluted next
with pentane and 40% ether: nmr 5 3.70 (m, 1, COCH-),
456 (br, 1, CHOH, ieii- = s Hz); ir (CHC13) 1676 cm-1. The
oil decomposed when distilled under reduced pressure and was
characterized as the p-nitrobenzoate, mp 107° (crystallized from
pentane and ether).

Anal. Calcd for CisHI;NOS5. C, 67.25; H, 5.05;
Found: C, 67.42; H, 5.12, N, 3.92.

cis- and irans-2-Acetylcyclopentanols (::a and ::1b).—The
cfs-hydroxy nitrile (3 g) was treated with MeMgBr in conditions

H, 7.42. Found:

Found: C,

Found: C,

Found: C,

N, 4.13.

(22) D. Vorlander and K. Kunze, Ber., 59, 2079 (1926).
(23) The use of an isomeric mixture of 2-hydroxy nitriles lowered the re-
action yields of this reaction.
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Table IV

Data on the Products of Grignard Reactions

Compd“ Mp or bp (mm), °C
1 116-117*

Nmr, 8 (ppm)
0.95 (s, 3, CHJ3

12 105-106" 0.81 (s, 3, CHJ), 1.15 (s, 3, CHJ3

13 foo-101 1.41 (s,3,CH3),5.15 (s, 1, PhCH,
un/2 = 3Hz)

14 79-806 3.64 (br, 2, CHjOH)

15a 148-150 (0.25), 0.77 (s, 3, CHJ),4.04 (d, 1, PhCH,

1.566 / = 11 Hz)

15b 96-97+%- 1.20 (8,3, CHJ),3.72 (d, 1, PhCH,
J = 12 Hz)

16 128-129*- 0.74 (s, 3, CHJ

17 115-116* 0.65 (s, 3, CHJ3), 1.13 (s, 3, CHJ)

18 117*- 1.47 (s, 3, CHDJ), 5.43 (s, 1, PhCH,
mi/, = 3 Hz)

19a 97s 0.99 (d, 3, CHSJ = 7 Hz)

190  130-132 (0.1),
re2ap 1.545

0.78 (d, 3, CHa, 3 = 7 Hz)

“ Satisfactory analytical data (+0.3% ) were obtained for all compounds reported in the table: Ed.
d Because of distillation difficulties the oily diol was characterized (melting point

ether. ' Crystallized from hexane and chloroform.

and elementary analysis) as the secondary mono-p-nitrobenzoate.

shown for the preparation of 20a and 20b. The reaction mix-
ture was hydrolyzed with a saturated solution of NH.Cl and
stirred with it for . hr at room temperature. The organic layer
was separated and the aqueous layer was extracted with ether.
Work-up and chromatography as shown previously yielded at
first 21a (0.22 g, elution with pentane and 30% ether): bp 85-
ss° (1.5 mm); naisp 1.468; nmr 8 2.23 (s, 3, CH3), 4.52 (br, 1,
CHOH, u /2 = 7Hz); ir (CHC13) 1706 cm'1

Anal. Calcd for CYH2:02: C, 65.59; H, 9.44.
65.76; H, 9.40.

After a few fractions containing a mixture of 2la and 21b
(0.28 @), the pure trans isomer 21b (0.52 g) was obtained: bp
ss-88° (1.5 mm); rerop 1.465; nmr 8 2.22 (s, 3, CHDJ), 4.40 (br, 1,
CHOH,ici/2= 13 Hz); ir (CHC13) 1710 cm-1.

Anal. Calcd for C/Hi-02. C, 65.59; H, 9.44.
65.72; H, 9.32.

Preparation of 2-Acylcyclohexanols (22a, 22b, and 23).— The
reported:s frares- -hydroxycyclohexanecarbonitrile was found to
consist of 90% trans isomer and 10% cis isomer. The isomers
were separated as shown for the hydroxy nitriles in the cyclo-
pentane series. The trans isomer (5 g) was treated with MeMgBr
by the procedure used for the preparation of 21a and 21b. The
product was purified by chromatography on silica (elution with
pentane and 30% ether) to yield 3.2 g of irons-2-acetylcyclo-
hexanol (23): bp 73-75° (0.8 mm); re2ap 1.472; nmr 8 2.22 (s, 3,

Found: C,

Found: C,

CHJ), 3.83 (br, 1, CHOH, i«i>: = 14 Hz); ir (CHCla) 1700
cm-1.
Anal. Calcd for CsHu02 C, 67.57; H, 9.93. Found:

67.73; H, 10.02.

The reaction of trares-hydroxycyclohexanecarbonitrile (5.8 Q)
with an excess of PhMgBr was carried out under conditions
given for 20a and 20b and afforded irares- -benzoylcyclohexanol

(22b, 2.5 g): mp 81-82° (from chloroform and hexane); nmr 8
3.38 (br, 1, COCH), 4.03 (m, 1, CHOH, toy: = 21 Hz); ir
(CHC13) 1672 cm*“1

Anal. Calcd for CisHis02 C, 76.44; H, 7.90. Found: C,

76.28; H, 7.82.

The reaction of cfs-2-hydroxyeyclohexanenitrile (1 g) with
PhMgBr was carried out under the same conditions except that
longer exposure to acid (- hr) was needed for the hydrolysis of
the imine. ets-Benzoylcyclohexanol (22a, 0.46 g) had mp 72-
73° (from ether and pentane); nmr 8 3.37 (m, 1, COCH), 4.27
(m, 1, CHOH, u 2 = s Hz); ir (CHC13) 1676 cm-».

Anal. Calcd for CisHisO2 C, 76.44; H, 7.90. Found:
76.18; H, 7.96.
Grignard Reactions of Compounds 2-10 and 20-23. General

Procedure.—A solution of 10 mmol of ketone in 100 ml of dry
ether (except the less soluble ketones 2 and 7, which were dis-
solved in 200 ml of benzene) was added dropwise under nitrogen

Compd°® Mp or bp (mm), °C Nmr, 8 (ppm)

24a 112-114" 4.29 (br, 1, CHOH, wis, = s Hz)

24b 119-120" 4.23 (br, 1, CHOH, re»2 = 10 Hz)

25a 79-80" 1.70 (S, 3, CHJ), 4.64 (br, 1, CHOH,
wi/2= 6 Hz)

25b 102-104"'4 1.59 (S, 3, cHa), 3.97 (br, 1, CHOH,
wi/2 = 9 Hz)

26a 130-132 (0.5), 1.38 (s, 3, CHJ3), 3.77 (br, 1, CHOH

re®D 1.534 mi/, = s Hz)

26b 80-81*- 1.56 (S, 3, cHa), 4.15 (br, 1, CHOH,
wi/Zi = 9 Hz)

27a 44-45" 1.19 (s, 3, cH 3, 140 (s, 3, cHa),
4.47 (br, 1, CHOH, un't = s Hz)

27b N 1.17 (S, 3, cHa), 1.21 (S, 3, CHa),
4.14 (br, 1, cHoH, wisz = 9 Hz)

29a 166-168" 1.67 (s, 3, CHJ), 4.62 (br, 1, CHOH,
wi/2 = 6 Hz)

29b 128 1.57 (s, 3, CHJ), 3.11 (br, 1, CHOH,
i = 13 Hz)

30b 108-109' 161 (s, 3, cHa), 3.72 (br, I, cHOH,
o/ j = 14 Hz)

b Crystallized from pentane and

' Crystallized from cold pentane. f Crystallized from ethanol.

to an ice-cooled solution of 60 mmol of Grignard reagent in 100
ml of ether. Ketones z20a and 22 b were preferably added at 18°.
The reaction mixtures were stirred at room temperature for 4 hr
(except compound : which was allowed to react overnight),
decomposed by an excess of saturated NH.C1 solution, and ex-
tracted with ether in the manner shown for Grignard reactions
of hydroxy esters. The crude reaction mixtures were analyzed
by tic, ir, and nmr spectroscopy and then chromatographed on
silica (dry column method) using pentane and ether as eluent
mixture. The identical diol fractions (tic) were combined and
other fractions were also submitted to tic and nmr analysis to
determine if an isomeric diol was present. Data on newly pre-
pared diols are given in Table V.

The reaction of hydroxy ketone 10 (1 g, isomeric mixture) with
PhMgBFr in the above conditions yielded a mixture of diols which
was partly separated by chromatography on silica (elution with
pentane and 20% ether): diol 19a (65 mg) was followed by
several fractions containing both isomers (327 mg) and by the
pure diol 19b (480 mg). Both diols were separately submitted to
Jones oxidation by addition of the reagent (0.1 ml) to the diol
(60 mg) in acetone solution (3 ml) at 10°, under nitrogen. Addi-
tion of water (after 3-min stirring) and extraction with ether
afforded in both cases, after chromatography (elution with pen-
tane and 15% ether), I-phenyl-c-2-acetyl-r-l1-cyclopentanol (35
mg): mp 67° (from cold pentane); nmr 8 1.88 (s, 3, CHJ),
3.14 (t, 1, COCH); ir (CHC13 1700 cm*“1

Anal. Calcd for CisHis02: C, 77.03; H, 8.31.
76.83; H, 8.26.

The reactions of compound 20b with MeMgBr yielded, in
addition to diols 25b and 26b, also some 1-benzoylcyclopentene
and starting material. The reaction of 20b with PhMgBr gave
results very similar to those obtained in the reaction of the trans-
hydroxy ester Ib and PhMgBr.

Jones oxidation of Diols 25a, 25b, 26a and 26b.— The corre-
sponding diol (200 mg) was dissolved in 5 ml of pure acetone and
treated with Jones reagent (0.25 ml) as described previously.
Work-up and chromatographic purification (elution with 20-
30% ether and pentane) afforded 110-120 mg (about 60% yield)
of the hydroxy ketone. Some starting material was recovered
from the column after the product was eluted. Diols 25a and
25b afforded by the above oxidation the same hydroxy ketone
(2 /ifi,2 aS)S)-2 -(0:-hydroxy-a-methyl)benzylcyclopentanone, mp
70-71° (from pentane and ether), nmr S 1.72 (s, 3, CHJ), ir
(CHC13) 1726 cm*“1

Anal. Calcd for CisH102 C, 76.44; H, 7.90.
76.29; H, 7.82.

Diols 26a and 26b afforded (2E/S,2a'S/?)-2-(a-hydroxy-o:-
methyl)benzylcyclopentanone, bp 85-87° (0.25 mm), n 200 1.535,
nmr 51.58 (s, 3, CH3), ir (CHC13) 1724 cm-1.

Found: C,

Found: C,
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Anal. Calcd for CisH160::
76.42; H, 7.78.

Separate oxidations of diols 29a and 29b by the same manner
provided (2flfl,2aSS)-2-(a-hydroxy-a-methyl)benzylcydohexa-
none, bp 88-90° (0.4 mm), "D 1.524; nmr 5 1.64 (s, 3, CHJ3), ir
(CHCU) 1698 cm-1

Anal. Calcd for C,H:®2 C, 77.03; H, 8.31.
76.85; H, 8.36.

Deuteration of irans-2-Benzoylcyclopentanol (20b).—A solu-
tion of 20b (0.6 g) in dimethoxyethane (10 ml), DD (3 ml),
and 40 mg of anhydrous NajCO0s were refluxed for 16 hr. Extrac-
tion with ether and chromatography of the residue on a dry
column afforded 0.32 g of 2-di-irans-2-benzoylcyclopentanol
which was eluted with 40% ether and pentane. Nmr showed no
chemical shift in the 5 3.5-4.0 region, mol wt 191 (mass spec-
trum).

Grignard reaction of deuteriated 20b (0.3 g) with PhMgBr
by the usual procedure yielded, along with other products, 20a
(30 mg) and 20b (65 mg) which were separated by dry column
chromatography as shown for the reaction of Ib and PhMgBr.
The exchange of deuterium on hydrogen was proven by nmr
analysis and by mass spectral determination of molecular weight
of 20a and 20b (190).

0,76.44; 11,7.90. Found: C,

Found: C,

Registry No.—2, 32338-46-8;
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22-0;
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Tricyclic ketone 5 reacts in concentrated sulfuric acid to give rearrangement products 6, 7, s , and 9 in a ratio of

19:32:10:38.

Tricyclic ketone s is produced by a mechanism involving ring expansion while compounds 7-9

arise by a route involving initial ring opening of ketone 5. The structures of the rearrangement products were

rigorously defined.

In the previous paper,l we reported that tricyclic
alcohols 1 and 2 rearrange in the heterogeneous medium
hexane-50% aqueous sulfuric acid to yield compounds
3 and 4, respectively. In this paper, we describe the

LR=H 3 4
2,R=CH:s

acid-catalyzed rearrangement of the parent tricyclic
ketone, 6-methyltricyclo [4.4.0.027]decan-3-one (5).

When ketone 5 is dissolved in concentrated sulfuric
acid and the resulting solution kept at room tempera-
ture for periods ranging from 2 hr to 2 weeks, four iso-
meric ketones are produced. These isomeric products,
subsequently shown to have structures 6-9 (vide infra),
were each isolated in a pure state by a combination of
column chromatography and preparative glpc. The
product analyses from several such runs are tabulated in
Table I. Control experiments showed that none of the
products react further when treated with concentrated
sulfuric acid at 25° for 2 days.

The structures of the four products were assigned on

(1) B. E. Ratcliffe and C. H. Heathcock, J. org. chem., 37, 531 (1972).

the following grounds. Ketone 8 is a known com-
pound and was identified by comparison "with an
authentic specimen.2

Product 9 also exhibits spectral properties char-
acteristic of an o./3-unsaturated ketone [vnmex 1680 and
1629 cm-1, \nax 238 nm (e 12,200)]. The pmr spectrum

@ J A Marshall and W. . Fanta, ibid., 29, 2501 (1964), and references
cited therein
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Table |

Acid-Catalyzed Rearrangement of Ketone 5

Reaction
Run Reaction time temp, °C 5
1 2 hr 25 39
2 2 days 25 0
3 1 week 25 0
4 2 weeks 25 0

“ Product analysis by glpc (6 ft X 0.25in. 10% FFAP at 180°).

of this material contains a broad one-proton singlet at
5 5.65, attributed to a vinyl hydrogen, and a broad
three-proton singlet at 8 1.07, attributed to a methyl
doublet broadened by virtual coupling. Hydrogena-
tion of 9 in ethyl acetate over palladized carbon affords
a single product 10 (i-mM 1716 cm-1), the pmr spectrum

of which shows a clean methyl doublet at 80.98 with J
= 6.0 Hz. The cis stereochemistry assigned to the
ring juncture in 10 is tenuous. Augustine reports that
A"9octal-2-one itself gives approximately equal
amounts of cis- and (rans-2-decalones when reduced over
palladium in neutral ethanol.3 However, 10-methyl-
A"SQoctal-2-one is hydrogenated in neutral medium
primarily to the cis product.45 Base-catalyzed deuter-
ium exchange studies showed that compounds 9 and
10 have six and four enolizable hydrogens, respectively.

Consideration of the above data, along with mechan-
istic considerations (vide infra), led us to propose the
structure shown for compound 9. This hypothesis was
verified by independent synthesis of 9. Robinson an-
nelation of 3-methylcyclohexanone with methyl vinyl
ketone afforded the isomeric enones 11 and 9, along with

n 9

a third unidentified product in a ratio of 67:20:13,
respectively. The major isomer produced in this an-
nélation can confidently be assigned the 7-methyl struc-
ture 11, since 3-methylcyclohexanone is known to
undergo base-catalyzed condensations predominantly
at C-6, rather than C-2.6 The minor a,~-unsaturated
ketone produced in the annélation reaction is therefore
assigned the 5-methvl structure 9. Both 11 and 9 are
assumed to be the thermodynamically more stable iso-
mers, with methyl equatorial, since the angular hydro-
gen is epimerizable under the conditions of their forma-
tion. Structure 9 was also verified by comparison of a

(3) R. L. Augustine, J. Org. Chem., 23, 1853 (1958); 28, 152 (1963).

(4) R. Futaki, ibid., 23, 451 (1958).

(5) F. Sondheimer and D. Rosenthal, J. Amer. Chem. Soc., 80, 3995
(1958).

(6) See, inter alia, (a) G. Descotes and S. Laurent, C. R. Acad. Sci., Ser.
C, 265, 1167 (1967); (b) G. Descotes and Y. Querou, ibid., 263, 1231 (1966).

-Product analysis, % a-

6 7 8 9 Others
15 23 3 19 0
17 32 16 35 0
19 33 10 38 0
19 32 10 38 1

12 9

sample prepared from I-methyl-5-methoxytetralin (12)
by Birch reduction and subsequent hydrolysis of the re-
sulting enol ether.7

Ketone 6 was suspected to be a cyclopentanone on the
basis of its ir spectrum (rnex 1750 cm-1). The com-
pound is obviously tricyclic, since it shows no vinyl
proton absorption in its pmr spectrum, fails to react
under catalytic hydrogenation conditions, and gives no
color with tetracyanoethylene. The pmr spectrum
showed an unsplit methyl resonance at 81.17 and a one-
proton doublet at 82.37 (J = 4 Hz). The ketone failed
to undergo deuterium exchange, indicating the absence
of an enolizable a hydrogen. The structure of ketone 6
was revealed when it was treated with potassium tert-
butoxide in (erf-butyl alcohol at 185° for 1 week. Under
these conditions, ketone 6 was transformed into ketone
13 in 84% vyield. This transformation requires that
compounds s and 13 be related by a common homo-
enolate, 14. Since the structure of tricyclic ketone 13

6 14 13

has been rigorously proven,! the structure of ketone 6 is
secure. A similar homoenolization has been reported
by Nickon and coworkers8in the brexanone-brendanone
system (15-» 16). In Nickon’s system, as in ours, the
endo-bridged isomer predominates at equilibrium.

15 16

The fourth rearrangement product, ketone 7, was
obtained as a low-melting solid (mp 35-36°). Its ir
spectrum shows that it is a cyclohexanone with an a-
methylene group (rmax 1706 and 1410 cm-1). The
ketone exchanges two hydrogens for deuterium when
passed through a deuterated glpc column.9 The pmr

(7) W. G. Dauben and J. I. Seeman, unpublished results. We thank Drs.

Dauben and Seeman for providing us with a sample of their ketone 9 for
comparison.

(8) A. Nickon, H. Kwasnik, T. Swartz, R. O. Williams, and J. B. Di-
Giorgio, J. Amer. Chem. Soc., 87, 1615 (1965).

(9) (@) M. Senn, W. J. Richter, and A. L. Burlingame, ibid., 87, 680
(1965); (b) G.J. Kallos and L. B. Westover, Tetrahedron Lett., 1223 (1967).
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spectrum contains a singlet methyl resonance at 61.12
and a broad three-proton envelope in the region b
2.10-2.42, attributable to hydrogens a to the carbonyl
group. Mechanistic speculation led to the postulate
that this material might have the tricyclic structure
indicated in structure 7, which is also consistent with
the above data. This hypothesis was confirmed by an
independent synthesis of the material.
Oxymercuration-demercurationl0of the readily avail-
able unsaturated ketal 17n affords a single alcohol 18 in
90% vyield. Compound 18 reacts with p-toluene-
sulfonyl chloride in pyridine to give the crystalline
tosylate 19, which is hydrolyzed to keto tosylate 20.
Evidence for both the position and configuration of the
tosylate group in 20 was obtained by treating it with
methylsulfinyl carbanion in dimethyl sulfoxide.l2 The
product obtained from this reaction is a 60:40 mixture
of octalones 21 and 22.13 The formation of both

20 21 22

octalones shows that the tosylate group in 20 must be at
C-6 rather than C-5. Since the tosylate epimeric at
C-6 is expected to undergo base-catalyzed cyclization
(vida infra), the stereochemistry shown for 20 (and
hence alcohol 18) is strongly suggested.

The remarkable selectivity observed in the oxy-
mercuration of 17 is interesting, although we can offer
no suitable explanation for it. Hydroboration, a re-
action believed to be very sensitive to steric factors,
converts olefin 17 into a mixture of three alcohols, 18,
23, and 24. The highly selective hydroborating re-

23 24

agents disiamylboraneld and 9-borabicyclo [3.3.1]-
nonanelfail to react with compound 17.

Oxidation of alcohol 18 with bispyridinechromium-
(V1) oxide in methylene chloridel6 affords the highly
crystalline keto ketal 25, previously synthesized by

(10) H. C. Brown and P. Geohagen, Jr., 3. Amer. Chem. Soc., 89, 1522
(1967).

(11) C. H. Heathcock, R. A. Badger, and J. W. Patterson, Jr., ibid., 89,
4133 (1967).

(12) E.J. Corey and M. Chaykovsky, ibid., 87, 1345 (1965).

(13) C. H. Heathcock and R. Ratcliffe, 3. org. cChem., in press.

(14) H. C. Brown and A. W. Moerikofer, 3. Amer. chem. Soc., 85, 2063
(1963).

(15) E. F. Knights and H. C. Brown, ibid., 90, 5280, 5281 (1968).

(16) R. Ratcliffe and R. Rodehorst, 3. org. chem., 35, 4000 (1970).
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.OH

u

18

ketone 25 to the desired alcohol 23, we employed various
Ireland using a different route.l7 In order to convert
hydride reducing agents. All reagents studied give
mixtures of 23 and 18, with the former predominating
in each case (see Table Il). While lithium aluminum

Tabte Il

Hydride Reduction of Keto Ketal 25
—Product composition, %—-

Reducing agent Alcohol 23 Alcohol 18
LiAIH, 54 46
Li(ieri-BuO)iAIH 70 30
Li(ieri-AmO)3A1H° 72 28
Li(Et3CO)3AIH» 71 29
Lithium perhydro-9b- 68 32

boraphenalylhydride6
°H. C. Brown and R. F. McFarlin, J. Amer. Chem. Soc., SO,
5372 (1958). 6H. C. Brown and W. C. Dickason, ivid., 92, 709
(1970).

hydride gives only a sight predominance of the axial
alcohol, the more bulky reagent Ilithium tri-tert-
butoxyaluminum hydride yields 70% of the axial
alcohol. Increasing the bulk of the reducing agent still
further has little effect on the product ratio.

The 70:30 mixture of epimeric alcohols 23 and 18
was deketalized and treated with p-toluenesulfonyl
chloride in pyridine to afford the corresponding mixture
of keto tosylates. The major keto tosylate (26) was
obtained in pure form by fractional crystallization of the
mixture of epimers. When keto tosylate 26 is treated
with 1 equiv of potassium ieri-butoxide in teri-butyl
alcohol, it is cleanly converted into the tricyclic ketone
7 (91% vyield), identical in all respects with the material
obtained from rearrangement of ketone 5 (vide supra).

With the structures of the four rearrangement prod-
ucts rigorously established, we may now consider
possible modes for their formation. A probable mecha-
nism for formation of the tricyclic ketone 6 is outlined
in Chart I. Ring expansion of the protonated ketone
gives the secondary carbonium ion 27, which under-
goes a subsequent alkyl migration to ketone 6. As seen
in Table I, approximately 20% of ketone 5 reacts by
this ring expansion route.

17) R. F. Church, R. E. Ireland, and D. R. Shridhar, ibid., 27, 707

(1962).
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Chart |

The remaining three products can be rationalized by
a route involving ring opening of ketone 5 (Chart I1).
The initially formed cation 28 can undergo 1,2-methide
migration to ion 29, followed by 1,2-hydride migration
to yield oxomium ion 30.18 Deprotonation of 30 then
yields octalone 9. Alternatively, ion 28 may undergo
1,3-hydride shift, producing oxonium ion 31. Sub-
sequent deprotonation of this species yields octalone 8.
When ion 28 undergoes 1,2-hydride shift to ion 32, the
positive charge may be immediately discharged by
intramolecular alkylation of the enol grouping. The
resulting product is tricyclic ketone 7. Precedent for
such a reaction has been provided by Stork and Grieco.19
The scheme outlined in Chart Il may well be a greatly
oversimplified version of what actually transpires. We
have neglected the possibility of intermediate sulfates
and olefins and the keto forms of ions 28, 29, and 32.

(18) Oxonium ion 30 may also be formed from 29 by a deprotonation-

reprotonation mechanism.
(19) G. Stork and P. A. Grieco, J. Amer. Chem. Soc., 91, 2407 (1969).
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Approximately 80% of ketone 5 apparently reacts by
this ring-opening route.

In an experiment designed to shed further light on the
hypothetical genesis of products 7, 8, and 9, octalone
2111 was treated with concentrated sulfuric acid. In

21 8 9

this reaction, octalones 8 and 9 are produced in a ratio
of 48:52. None of the tricyclic ketone 7 isformed. In
this case reaction probably occurs by way of keto
carbonium ions, rather than by way of enolic cations 28,
29, and 32.

Experimental Section

Melting points (Pyrex capillary) and boiling points are uncor-
rected. Infrared spectra (ir) were recorded on Perkin-Elmer
137 and 237 spectrophotometers. Proton magnetic resonance
spectra (pmr) were reported on Yarian A-60 and T-60 spectrom-
eters. Line positions are given in the &scale, with internal
tetramethylsilane as standard. The multiplicity, peak areas,
coupling constants, and proton assignments are given in paren-
theses. Ultraviolet spectra (uv) were measured on a Perkin-
Elmer 202 spectrophotometer. Consolidated 21-103c and Varian
M -66 mass spectrometers provided the mass spectra. High-
resolution molecular weight determinations were obtained on a
Consolidated 21-110 spectrometer.

Gas liquid partition chromatography (glpc) analyses were
performed on Aerograph Models 204B, A90-P, and A90-P3 in-
struments. Silica Gel G was used for thin layer chromatography
(tic) and Silica Gel PFZAfor preparative tic. Elemental analyses
were performed by the Microanalytical Laboratory, operated by
the Department of Chemistry, University of California, Berkeley,
Calif.

Acid-Catalyzed Rearrangement of Ketone 5. A. Analytical
Runs.— In a typical run, 1.64 g of ketone S5Uwas dissolved in 4
ml of concentrated sulfuric acid. The resulting dark red solution
was placed in a stoppered flask and stirred at room temperature
for 1week. At the end of this time, the solution was pured into
25 ml of water and the aqueous mixture was extracted with ether
(2 X 25 ml). The ethereal solution was washed with 1 N NaOH
(2 X 20 ml), dried, and evaporated to yield 1.40 g of product as a
pale yellow oil. The product was analyzed by glpc (6 ft X 0.25
in 10% FFAP on Chromosorb W at 180°). Four volatile prod-
ucts were present: 19% 6 (retention time 6.9 min), 33% 7
(9.6 min), 10% 8 (12.9 min), and 38% 9 (14.1 min). Similar
runs were done for periods of 2 hr, 2 days, and 2 weeks. The re-
sults are collected in Table I.

B. Characterization of Products.— To 24.23 g of tricyclic
ketone 5in a 125-ml Erlenmeyer flask was added 50 ml of con-
centrated sulfuric acid. The flask was stoppered and the mixture
was stirred for 65 hr at room temperature. The reaction mixture
was poured into 350 ml of ice-water and extracted with ether (2 X
400 ml). The ether extracts were washed with 1 N sodium
hydroxide and water, and dried over magnesium sulfate. The
ether was removed by rotary evaporation to afford 19.98 g of
brown oil. The oil was chromatographed on 1.75 kg of SilicAR
CC-7 to which 10% water had been added. The column was
eluted with mixtures of ether in pentane ranging from 2.5%
ether to 8% ether. A total of 1496 fractions of 20 ml each were
collected. Every tenth fraction was monitored by both tic and
glpc (150 ft X 0.01 in. SF-96 at 145°).

Fractions 397-416 were found to contain 1.069 g of a single
compound, 6. An analytical sample, mp 81-83°, was obtained
after two sublimations at 40° (0.1 mm): ir (CCL) 1750, 1467,
1443, 1380, 1075 cm™”1; pmr (CC1,) s 1.17 (s, 3, bridgehead Me),
2.37 (d, 1,J = 4Hz, bridgehead H).

Anal. caled for CnHI®: C,
C, 80.28; H, 9.79.

The 2,4-dinitrophenylhydrazone melts at 132-134° after two
recrystallizations from 95% ethanol.

Fractions 558-652 were found to contain 2.073 g of a single

80.44; H, 9.82. Found:
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compound, 7, by glpc. This material was distilled through ashort-
path microstill to give 7 as a water-white, low-melting solid,
bp 50° (0.3 mm). The analytical sample was obtained as color-
less plates, mp 35-36°, after sublimation at 40° (0.65 mm):
ir (CCU) 1706, 1475, 1450, 1410, 1375, 1284, 1257, 1078, 1029,
971 cm-1; pmr (CC14) 51.12 (s, 3, bridgehead Me).

Anal. cCalcd for CnH®: C, 80.44; H, 9.82.
80.20; H, 9.64.

The 2,4-dinitrophenylhydrazone was obtained as brilliant
orange plates, mp 205-208°, after two recrystallizations from
ethanol-ethyl acetate.

Anal. cCalcd for CnH2N4 4. C, 59.29;
Found: C, 59.15; H, 5.86; N, 16.46.

Fractions 703-1004 were found to contain 5.025 g of a 40:60
mixture of 8 and 9. Analytical samples of 8 and 9 were obtained
by preparative glpc (10 ft X 0.25in. 4% FFAP on Chromosorb G
at 180°). The ir and pmr spectra of compound 8 were identical
with the corresponding spectra of the known octalone 8.2

Compound 9 exhibited the following properties: ir (CC14)
3050, 1680, 1629, 1447, 1376, 1351, 1326, 1255, 1209, 1120, 959,
886, 862 cm-1; pmr (CC14) 51.07 (broad s, 3, IFi/j = 5 Hz, Me),
5.65 (broad s, 1, IFy, = 4 Hz, olefinic H); uv (95% EtOH)
Xmax 238 m/x (ea 12,200).

Anal. cCalcd for CnHi®: mol wt, 164.1201.
mol wt, 164.1196 (high-resolution mass spectroscopy).

Fractions 1005-1180 were composed primarily of compound 9
along with a complex mixture of more polar substances. The
remaining fractions (1181-1496) contained an unidentifiable
mixture of products in trace amounts.

Treatment of Ketones 6-9 with Sulfuric Acid.— In order to
check the stability of the rearrangement products, each was sub-
jected to the above reaction conditions. A typical procedure
follows. A mixture of 61 mg of tricyclic ketone 6 in 1 ml of
concentrated sulfuric acid was kept at room temperature for 46
hr. The solution was then poured into 10 ml of water and worked
up in the normal manner. The crystalline product (51.6 mg)
was shown to be unreacted ketone 6 by pmr and glpc (6 ft X 0.25
in. FFAP at 180°). Similar experiments were carried out on
ketones 7, 8, and 9. In each case, the starting ketone was re-
covered unchanged in at least, 89% yield.

Base-Catalyzed Rearrangement of Tricyclic Ketone 6.—A
mixture of 105 mg of tricyclic ketone 6 (0.64 mmol), 140 mg of
potassium terf-butoxide (1.25 mmol), and 3 ml of feri-butyl
alcohol was vacuum sealed in a thick-walled Pyrex tube and
heated for 1 week at 1S5°.8 The tube was opened after cooling
and the contents were washed into a separatory funnel with
pentane. The pentane layer was washed three times with water
and dried over magnesium sulfate. The solvent was removed by
rotary evaporation to afford 86.2 mg (82%) of semicrystalline
solid. The spectral and chromatographic properties of this
material were identical with those of tricyclic ketone 13, prepared
as previously described.1

Deuteration of a,/3-Unsaturated Ketone 9.— The deuterated
enone was obtained by preparative glpc (6 ft X 0.25 in. 10%
KOD, 20% Carbowax on Chromosorb W 60/80 at 180°). The
deuterated sample was analyzed for deuterium content by mass
spectroscopy, which showed 2.3% CiiH13D 3, 10.8% CnHi2D 4,
34.9% CnH~”DsO, and 51.2% C,H 10D 60.

5i'j-Methyl-3,4,4a(3,5,6,7,8,8a;3-Octahydronaphthalen-2i 1//)-
one (10).— A mixture of 15 mg of 10% palladium on carbon and 1
ml of ethyl acetate was placed in a 10-ml round-bottom flask
equipped with a magnetic stirrer and a sidearm fitted with a
serum cap. The catalyst was prereduced on a low-pressure
hydrogenation apparatus, and a solution of 75 mg of enone 9 in 2
ml of ethyl acetate was added by syringe. The reaction mixture
was stirred at room temperature until hydrogen uptake ceased.
The catalyst was filtered and washed with a few milliliters of
ethyl acetate. The filtrate was evaporated at reduced pressure
to afford 69 mg of ketone 10 as a colorless liquid. An analytical
sample was obtained by preparative glpc (6 ft X 0.25 in. 10%
FFAP at 160°); ir (CC14) 1716, 1449, 1376, 1263, 1224, 1155
cm*“1 pmr (CC14)50.98 (d,3,J = 6 Hz, Me).

Anal. cCalcd for CuHI®: mol wt, 166.1357.
wt, 166.1353 (high-resolution mass spectroscopy).

Preparative glpc gave the deuterated ketone (6 ft X 0.25 in.
10% KOD, 20% Carbowax 20M on Chromosorb W60/80at 180°).
Mass spectral analysis showed that the sample contained 5.9%
cC,H,eD20, 17.8% C,H 1P, and 76.3% C,H M4DD.

7/3-Methyl-4,4a3,5,6,7,8-hexahydronaphthalen-2 (3///one (11)
and 5/3-Methyl-4,4a/?,5,6,7,8-hexahydronaphthaien-2 '3 ///one

Found: C,

H, 5.85; N, 16.27.

Found:

Found: mol
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(9).-— A solution of 22.4 g (0.2 mol) of 3-methylcyclohexanone in
70 ml of ether was placed in a 200-m| three-neck flask equipped
with magnetic stirrer, condenser, and dropping funnel. The
solution was cooled to 0° on an ice bath, and a solution of 2.3 g
of potassium hydroxide in 7 ml of 95% ethanol was added with
stirring, followed by the dropwise addition of 7.009 g (0.1 mol)
of freshly distilled methyl vinyl ketone in 45 ml of ether over a
period of 1.5 hr. The ice bath was removed and the reaction
mixture was stirred for an additional 12 hr at room temperature.
The mixture was washed with water (3 X 50 ml) and dried over
magnesium sulfate. The solvent was removed by rotary evapo-
ration, and the residue was distilled through a 4-in. Vigreux to
afford 5.12 g of 3-methylcyclohexanone, bp 26-31° (1.5 mm), 6.71
g of clear liquid, bp 90-94° (0.5 mm), and 7.73 g of yellow oil, bp
144° (0.5 mm).

The fraction boiling at 90-94° (0.5 mm) was analyzed by glpc
(10 ft X 0.25in. 4% FFAP on Chromosorb G at 180°), and was
found to contain three components in the ratio of 13:67:20 with
retention times of 12.3, 22.5, and 24.3 min, respectively.

The major component was identified as compound 11: ir
(CC14) 3040, 1680, 1630, 1452, 1376, 1325, 1253, 1208, 914, 899,
854 cm-1; pmr (CC14) 5 1.00 (unresolved d, 3, Me), 5.68 (broad
s, 1, IFi/2= 4 Hz, olefinic H).

Anal. cCalcd for CuHjeO:
80.28; 11,9.64.

The component with a retention time of 24.3 min was identical
with <x,/3-unsaturated ketone 9 isolated from the rearrangement of
ketone 5 (vide supra). This material was also identical with a
sample of ketone 9 prepared by another route.7

a-Hydroxy-4ad-methyl-3,4,4a,5,6,7,8,8a/3-octahydronaphtha-
len-2(Iff/one Ethylene Ketal (18).—In a 500-ml| Erlenmeyer
flask equipped with magnetic stirrer were placed 23.9 g (0.075
mol) of mercuric acetate, 75 ml of water, 75 ml of tetrahydro-
furan, and 10.4 g (0.05 mol) of unsaturated ketal 17.11 The
mixture was stirred at room temperature for 27 hr, during which
time the bright yellow complex turned colorless. To the mixture
was added 75 ml of 3 N sodium hydroxide, followed by 75 ml of
0.5 N sodium borohydride in 3 Ar sodium hydroxide. De-
mercuration was instantaneous. The aqueous layer was ex-
tracted with 250 ml of ether. The combined organic layers were
washed with water (200 ml) and brine and dried over magnesium
sulfate. The solvent was removed by rotary evaporation to af-
ford 10.10 g of crude ketal alcohol 18 as a dear viscous oil. An
analytical sample was obtained by preparative glpc (5 ft X 0.25
in. 20% Carbowax 20M at 195°): ir (CC14) 3400 (broad), 1445,
1350, 1089 cm-1; pmr (CC14) S0.97 (s, 3, angular Me).

Anal. cCalcd for Ci3H203: C, 68.99; H, 9.80. Found: C,

68.87; H, 9.58.

4a]3-Methyl-6a-toluenesulfonyloxy-3,4,4a,5,6,7,8,8aj3-octahy-
dronaphthalen-2(1H/one Ethylene Ketal (19).—To a 50-ml
Erlenmeyer flask equipped with a magnetic stirrer was added a
solution of 2.815 g (12.45 mmol) of crude ketal alcohol 18 in 13
ml of anhydrous pyridine, followed by a solution of 2.44 g (12.8
mmol) of p-toluenesulfonyl chloride in 8 ml of anhydrous pyri-
dine. The solution was allowed to stand at room temperature
for 101 hr. The reaction mixture was poured onto 60 ml of ice-
water and extracted with methylene chloride (25 ml, 3 X 12 ml).
The combined organic extracts were washed with 10% sulfuric
acid (4 X 25 ml), water (12 ml), and brine (12 ml), and dried
over magnesium sulfate. The solvent was removed by rotary
evaporation to afford 5.208 g (80%) of crude ketal tosylate 19
as a crystalline white solid. The crude material was recrystal-
lized from ethyl acetate-hexane to afford 3.562 g of w'hite crystals:
mp 113.5-115.0°; ir (CC14) 1358, 1188, 1175, 1095, 945, 934,
880, 850, 815 cm-1; pmr (CC14) 50.99 (s, 3, angular Me), 2.47
(s, 3, aryl Me), 3.85 (s, 4, ketal ethylene), 4.65 (broad m, 1,
IFi/j = 18 Hz, C-6 H), 7.55 (AB2with 5a 7.78 and 5b 7.34, 4,
Jab = 8 Hz, aryl H's).

Anal. Calcd for COH2805%: C, 63.10; H, 7.42; S, 8.43.

Found: C, 62.86; H, 7.02; S, 8.34.
4a/3-Methyl-3,4,4a,5,6,7,8,8ad-octahydronaphth-6a-ol-2(1/il-
one p-Toluenesulfonate (20).— A solution of 0.4 ml of concen-
trated sulfuric acid and 3.6 ml of water was added to a solution of
2.128 g of ketal tosylate 19in 20 ml of acetone at 50°. The color-
less solution was stirred at 50° for 45 min, cooled to room tem-
perature, and concentrated to approximately 6 ml by rotary
evaporation. The viscous liquid remaining was dissolved in
ether, washed with 5% sodium bicarbonate and brine, and dried
over magnesium sulfate. The solvent was removed by rotary
evaporation to afford 1.834 g of semicrystalline material. Re-

C, 80.44; 1i, 9.82. Found: C,



6-Methyltricyclo [4.4.0.027]decan-3-one

crystallization from ethyl acetate-hexane yielded 1.442 g of
keto tosylate 20 as white clusters: mp 77.3-78.0°; ir (CCk)
1718, 1600, 1366, 1190, 1180, 1100, 940, 856, 820 cm*“1, pmr
(CCh) 8 1.09 (s, 3, angular Me), 2.48 (s, 3, aryl Me), 4.72
(broad m, 1, Wi/2= 17 Hz, C-6 H), 7.57 (A2B2with 8a 7.79 and
50 7.34, 4, Jab = 8 Hz, aryl H's).

Anal. cCalcd for C1H2045: C,
Found: C, 64.43; H, 7.06; S, 9.33.

A 0.5 M solution of methylsulfinyl carbanion in dimethyl sulf-
oxide was prepared according to the procedure of Corey.12 This
solution (4 ml) was added to a solution of 672.4 mg (2.0 mmol) of
keto tosylate 20 in 4 ml of dimethyl sulfoxide under nitrogen, and
the resulting solution was stirred at 60° for 2 hr. The reaction
mixture was cooled, diluted with 15 ml of water, and extracted
with ether (3 X 10 ml). The combined ether extracts were
washed with water (10 ml) and brine (10 ml) and dried over
magnesium sulfate. Removal of the solvent by rotary evapora-
tion afforded 315.4 mg of yellow oil. Analysis by glpc (10 ft X
0.25in.4% FFAP on Chromosorb G at 180°) showed the product
to be a 60:40 mixture of octalones 21 and 22 by coinjection with
authentic samples.13

4a/3-Methyl-3,4,4a,5,8,8al/j-hexahydronaphthalen-2

(7/f)-dione 2-Ethylene Ketal (25).— To a 1-1. round-bottom flask
equipped with magnetic stirrer and drying tube was added 42.0 g
(0.531 mol) of anhydrous pyridine and 480 ml of anhydrous
methylene chloride. The solution was stirred on an ice bath and
26.5 g (0.265 mol) of chromium trioxide was added all at once.16
The orange-brown solution was stirred for 75 min, during which
time the solution warmed to room temperature. A solution of
9.984 g (0.0442 mol) of crude ketal alcohol 18 dissolved in 80 ml
of anhydrous methylene chloride was added, and stirring was con-
tinued for 45 min at room temperature. The methylene chloride
solution was decanted from the black tarry residue and the
residue was washed with ether (3 X 200 ml). The combined
organics were washed with 5% sodium hydroxide (2 X 300 ml),
water (300 ml), 5% hydrochloric acid (2 X 300 ml), 5% sodium
bicarbonate (300 ml), and brine (300 ml) and dried over mag-
nesium sulfate. The solventwas removed by rotary evaporation
to afford 8.4S g of crude keto ketal 25 as a yellow oil. The crude
product was dissolved in 5 ml of ether, and 20 ml of petroleum
ether (bp 30-75°) was added. After standing in the refrigerator
overnight, 6.59 g of white crystalline material was collected.
Two additional crops yielded a total of 7.77 g, mp 76-78°. The
analytical sample melts at 79-80° (lit.7mp 79.5-80.5°) after two
recrystallizations from ether-petroleum ether: ir (CC14) 1715,
1445, 1362, 1229, 1153, 1094, 943, 872 cm"1; pmr (CC14) 50.94
(s, 3, angular Me), 3.84 (s, 4, ketal ethylene).

64.26; H, 7.19; S, 9.53.

Anal. cCalcd for Ci3H203: C, 69.61; H, 8.99. Found: C,
69.37; H, 8.77.

Hydride Reduction of Ketone 25. A. With Lithium Alumi-
num Hydride.— In a 25-m| flask equipped with magnetic stirrer,

reflux condenser, and drying tube was placed a mixture of 51 mg
(1.34 mmol) of lithium aluminum hydride and 10 ml of anhydrous
ether. To the stirring mixture was added 100 mg (0.446 mmol)
of crystalline ketone 25. After stirring for 3 hr at room tempera-
ture, excess hydride was decomposed by the careful addition of
5% potassium hydroxide. The white precipitate was filtered
and washed with ether. The filtrate was dried over magnesium
sulfate and evaporated to afford 96 mg of clear liquid. The pmr
spectrum showed the product to be a 46:54 mixture of the epi-
meric alcohols 18 and 23.

B. With Lithium Tri-ierf-butoxyaluminum Hydride.—To a
10-ml Erlenmeyer flask equipped with magnetic stirrer was added
a solution of 100 mg (0.446 mmol) of compound 25 in 2 ml of
anhydrous tetrahydrofuran. The solution was cooled in an ice
bath and 200 mg (0.76 mmol) of lithium tri-ieri-butoxyaluminum
hydride in 2 ml of anhydrous tetrahydrofuran was added. The
reaction mixture was stirred for 3.5 hr, during which time the
mixture was allowed to warm to room temperature. Excess
hydride was destroyed by careful addition of 5% potassium
hydroxide. The white precipitate was filtered, and the filtrate
was dried over magnesium sulfate. Evaporation of the solvent
afforded 104.7 mg of clear liguid. The pmr spectrum showed the
product to be a 29.5:70.5 mixture of the epimeric alcohols 18
and 23.

C. With Lithium Tri-Zeri-amyloxyaluminum Hydride.—To a
10-ml Erlenmeyer flask equipped with magnetic stirrer was added
a solution of 100 mg (0.446 mmol) of keto ketal 25 in 2 ml of
anhydrous tetrahydrofuran. The solution was cooled to 0° on
an ice bath and 250 mg (0.844 mmol) of lithium tri-ieri-amyloxy-
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aluminum hydride in 2 ml of anhydrous tetrahydrofuran was

added. The reaction mixture was stirred overnight, during
which time it was allowed to warm to room temperature. Excess
hydride was destroyed by careful addition of 5% potassium

hydroxide. The white precipitate was filtered and washed with
a few milliliters of tetrahydrofuran. The filtrate was dried over
magnesium sulfate and evaporated at reduced pressure to afford
87.7 mg of viscous, clear liquid. The pmr spectrum indicated
the product to be a28:72 mixture of alcohols 18 and 23.

D. With Lithium  Tri(3-ethyl-3-pentoxy)aluminum Hy-
dride.—To a 10-ml Erlenmeyer flask equipped with magnetic
stirrer was added a solution of 100 mg (0.446 mmol) of keto ketal
25 in 2 ml of anhydrous tetrahydrofuran. The solution was
cooled in an ice bath and 300 mg (0.788 mmol) of lithium tri(3-
ethyl-3-pentoxy)aluminum hydride in 3 ml of anhydrous tetra-
hydrofuran was added. The reaction mixture was stirred for
70 hr at room temperature. Excess hydride was destroyed by
careful addition of 5% potassium hydroxide. The white pre-
cipitate was filtered and washed with tetrahydrofuran. The
filtrate was dried over magnesium sulfate and evaporated at re-
duced pressure to afford 294.2 mg of yellowish liquid. The crude
product was chromatographed on basic alumina (Woelm, activity
1), eluting with ether-benzene mixtures. There was obtained
90.7 mg of clear liquid, whose pmr spectrum showed a 29:71
mixture of alcohols 18 and 23.

E. With Lithium Perhydro-9b-boraphenalylhydride.—To a
50-ml three-neck flask equipped with magnetic stirrer, reflux con-
denser, nitrogen inlet, and rubber serum cap was added 13 ml of
a 0.575 M (7.5 mmol) solution of lithium perhydro-9b-bora-
phenalylhydride in tetrahydrofuran followed by 1.12 g (5 mmol)
of keto ketal 25 in 2 ml of tetrahydrofuran. The solution was
stirred at room temperature in a nitrogen atmosphere for 16 hr,
and 3.75 ml of 3 N sodium hydroxide was added followed by 3.75
ml of 30% hydrogen peroxide. The organic layer was separated
and washed with 5 ml of solvent which was removed at the rotary
evaporator. Addition of ether to the crude product resulted in
the precipitation of a yellow solid, which was filtered. The
filtrate was evaporated to afford 0.972 g of viscous liquid, whose
pmr spectrum showed it to be a 32:68 mixture of alcohols 18 and
23.

4a/5-Methyl-3,4,4a,5,6,7,8,8a/3-octahydronaphth-6/3-0l-2(IH)-
one p-Toluenesulfonate (26).— A solution of 917 mg of a 70:30
mixture of ketal alcohols 23 and 18 in 20 ml of acetone was heated
to 50°. A solution of 0.4 ml of concentrated sulfuric acid in 3.6
ml of water was added and the clear solution was kept at 50° for
45 min. The reaction mixture was cooled to room temperature
and concentrated to approximately 5 ml by rotary evaporation.
The concentrate was dissolved in ether and washed with 5%
sodium bicarbonate and brine. After drying over magnesium
sulfate, the solvent was removed by rotary evaporation to afford
411.3 mg of a mixture of keto alcohols. This material was dis-
solved in 2.5 ml of anhydrous pyridine and added to a solution
of 475 mg of p-toluenesulfonyl chloride. The mixture was
stirred to make it homogeneous and allowed to stand for 134 hr
at room temperature. The reaction mixture was poured into 15
ml of water and extracted with chloroform (10 ml, 3 X 5 ml).
The combined organic extracts were washed with 10% sulfuric
acid (4 X5 ml), water (5 ml), and brine (5 ml), and dried over
magnesium sulfate. Evaporation of the solvent at reduced pres-
sure afforded 576 mg of viscous liquid. This material was in-
duced to crystallize from ethyl acetate-hexane to yield 203 mg of
white crystalline keto tosylate 26. An analytical sample was ob-
tained by recrystallization from ethyl acetate-hexane to give
white clusters: mp 105-107°; ir (CC14) 1718, 1603, 1453, 1364,
1190, 1178, 1099, 958, 950, 919, 857 cm '1; pmr (CC14) 8 1.26 (s,
3, angular Me), 2.45 (s, 3, aryl Me), 4.57 (broad m, 1, IF>/5=
18 Hz, C-6 H), 7.51 (A2B2with 8a 7.72 and 8B7.31, 4, Jab = 8.5
Hz, aryl H's).

Anal. cCalcd for Cl8H204S: C,
Found: C, 64.07; H, 6.99; S, 9.40.

6-Methyltricyclo [4.4.0.028]decan-3-one (7).— To a solution of
28.1 mg-(0.25 mmol) of potassium ierf-butoxide in 1 ml of an-
hydrous ierf-butyl alcohol was added 90 mg (0.268 mmol) of
crystalline keto tosylate 26. The mixture was refluxed under
nitrogen for 3 hr and poured into 3 ml of ice-cold water. The re-
sulting mixture was extracted with ether (2X 2 ml). The com-
bined ether extracts were washed with water (3 X 1 ml) and dried
over magnesium sulfate. The solvent was removed by rotary
evaporation to afford 40 mg (91%) of crude tricyclic ketone 7 as
an orange-tinted semisolid. An analytical sample was obtained

64.26; H, 7.19; S, 9.53.
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by preparative glpc (10 ft X 0.25in. 10% SE-30 at 170°). The
spectral properties of this material were identical in all respects to
those of the material isolated from the acid-catalyzed rearrange-
ment of tricyclic ketone 5 (vide supra).

Acid-Catalyzed Rearrangement of Octalone 21.—To 821.4 mg
of octalone 21" in a 10-ml Erlenmeyer flask was added 2 ml of
concentrated sulfuric acid. The flask was stoppered and the
brown mixture was stirred for 2 days at room temperature. The
mixture was poured into 15 ml of ice-water and extracted with
ether (2 X 15 ml). The combined extracts were washed with 20
ml of 1 ¢V sodium hydroxide and dried over magnesium sulfate.
The solvent was evaporated to afford 646.8 mg of yellow oil.
Glpc analysis of the product (6 ft X 0.25 in. 10% FFAP at 180°)
revealed the presence of two components in a ratio of 48:52.

Strained Ring Systems.

McDonald, Frickey, and Muschik

The two components were identified as the a,(i-unsaturated
ketones 8 and 9, respectively, by comparison of their spectra with
those of authentic samples.

Registry No.—5, 17159-66-9; &, 18503-74-7; & 2,4-
DNP, 18503-75-8; 7, 33830-72-7, 7 2,4-DNP, 33830-
73-8; 9, 33835-42-6; 10, 33835-43-7; 11, 33835-44-8;
18, 25826-87-3; 19, 33835-46-0; 20, 33835-47-1; 25,
33835-48-2; 26,33835-49-3.
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This paper describes the cycloaddition of benzyne with cis-3,4-dichlorocyclobutene to give €xo0,Cis-5,6-di-
chlorobenzobicyclo[2.2.0]hex-2-ene (4), the disodium-phenanthrene dechlorination of 4 to benzobicyclo [2.2.0]-
hexa-2,5-diene (2), the diimide reduction of 2 to benzobicyclo[2.2.0]hex-2-ene (3), and the hydroboration of 2

to benzobicyclo[2.2.0] hex-5-en-ex0-2-0l (8).

When Dewar in 18672 reported his results from the
oxidation of phenol, he suggested the use of a model by
which he could construct the various structural isomers
of a given molecular formula. For the formula C6H6
one of the structures written was that of bicyclo [2.2.0]-
hexa-2,5-diene (1), which has become known as “ Dewar
benzene.” Nearly 100 years later, van Tamelen and
Pappas3 reported the successful synthesis of 1. Since
that report various syntheses and studies of the chem-
istry of derivatives of 1 have been reported.

In our continuing program of the chemistry of
molecules incorporating the [2.2.0] system, we felt
that it would be most useful to develop a synthesis of
benzobicyclo[2.2.0]hexa-Il,5-diene (“hemi Dewar naph-
thalene”)4 (2) which might also be applicable to the
preparation of l-substituted derivatives of benzo-
bicyclo [2.2.0]hex-2-ene (3). Since 2 should be con-
vertible to 5-substituted derivatives of 3, this approach
would make available this set of compounds for further
study. Such a synthetic approach has been achieved
and is the subject of this paper.

Synthesis.—Conceptually, the approach was to
prepare cis-5,6-dichlorobenzobicyclo [2.2.0]hex-2-ene
(4) by the cycloaddition of benzyne and czs-3,4-

(1) (a) Paper X: R. N. McDonald and E. P. Lyznicki, J. Amer. Chem.
Soc., 93, 5920 (1971). (b) Part of this research was communicated in R. N.
McDonald and D. G. Frickey, ibid., 90, 5315 (1968). (c) Taken from the

M.S. thesis of D. G. Frickey, 1968, and the Ph.D. thesis of G. M. Muschik,
1972.

(2) (a) J. Dewar, Proc. Roy. Soc. Edinburgh, 84 (1866); (b) W. Baker,
Chem. Brit., 1, 191 (1965), discusses Dewar’s paper, and some of the efforts
to synthesize 1 and its various derivatives.

(3) E. E. van Tamelen and S. P. Pappas, J. Amer. Chem. Soc., 85, 3297
(1963)

(4) We are aware of only two other literature entries into this family of
compounds which incorporate two of the classically considered structures
of benzene fused into a single molecule; one is a bridged “ Dewar anthracene”
reported by Applequist and Searle,5a and the second is a report of the 1,2-
dimethyl and 1,2,3,4-tetramethyl derivatives of 2.% The preparation of
“hemi Dewar biphenyl,” a compound in which the moieties are joined but
not fused, has been described by Burt and Pettit.6

(5) (a) D. E. Applequist and R. Searle, J. Amer. Chem. Soc., 86, 1389
(1964) ; (b) D. T. Carty, Tetrahedron Lett., 4753 (1969).

(6) G. D. Burt and R. Pettit, Chem. Commun., 517 (1965).

Some of the spectral features of these compounds are discussed.

/-AmONO

THF, CHCL*
A
4

dichlorocyclobutene7 (5) and then to seek methods for
dechlorination of 4 to 2. Two methods were carried
out for the cycloaddition reaction. One involved the
in situ generation of the benzyne precursor and benzyne
itself;8a only 0.1% of 4 was obtained. The second
method involved isolation of the benzyne precursor, ben-
zenediazonium-2-carboxylate (6),8 and allowing it to
decompose thermally in the presence of 5. Yields of
4 ranging from 2.4 to 11.3% were obtained depending
on the ratio of 5:6 used. The impurities in the crude
reaction mixture appeared to be largely aromatic from
the nmr spectrum; one of these was benzoic acid.
Chromatography on basic, activity 1 alumina and
elution with carbon tetrachloride gave quite pure 4
in the first few fractions. The infrared spectrum of 4
was fairly simple, indicating a high degree of symmetry
in the tricyclic structure.

The nmr spectrum (CC14 internal TMS) of 4 ex-
hibited absorptions centered at r 2.80 (m, 4), 555
(m, J = 0.9 Hz, 2), and 592 (m, J = 0.8 Hz, 2).
The aromatic hydrogens were assigned to the finely
split multiplet at r 2.80 wdiich is only 0.2 ppm lower
field than the center of the aromatic proton multiplet
of benzocyclobutene (r 3.01).9 Irrespective of how we
wish to rationalize the assignmentsl0 of the latter two
absorptions (Ci, C4bridgehead vs. C5 C6methine pro-
tons), the fact that the coupling constants are so small

(7) M. Avram, |. Dinulescu, M. Elian, M. Farcasiu, E. Marica, G.
Mateescu, and C. D. Nenitzescu, chem. Ber., 97, 372 (1964).

(8) (a) L. Friedman and F. M. Logullo, 3. Amer. Chem. Soc., 85, 1549
(1963); (b) M. Stiles, R. G. Miller, and U. Burkhardt, ibid., 85, 1792 (1963).

(9) G. Fraenkel, Y. Asahi, M. J. Mitchell, and M. P. Cava, Tetrahedron,
20, 1179 (1965).

(10) SeeS. J. Cristol and G. W. Nachtigall, 3. org. chem., 32, 3738 (1967),
for the assigned nmr spectrum of the related exo,cts-5,6-dichlorobicyclo-
[2.2.1 ]hept-2-ene.
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requires the cis,exo relationship of the chlorines in
4.1

The mass spectrum2 of 4 was correct for a dichloride
with the M+-, M+- + 2, M+- + 4 peaks in a ratio of
1:0.625:0.25, which is well within experimental error
of the expected ratio since the intensities of these
peaks are very small. The base peak is m/e 128 and
could correspond to the radical cations of naphthalene
or “hemi Dewar naphthalene.”

Chemical proof of the gross structure of 4 was given
by its dehydrohalogenation with potassium tert-
butylate in ierf-butyl alcohol to 2-chloronaphthalene in
45% vyield. This product was characterized by com-
parison of its nmr spectrum with that of authentic
material.

The next step in this investigation was to examine
methods for converting 4 into 2. Reaction of 4 with
methyllithium13 did not take place and with sodium in
1,2-dimethoxyethane formation of only a small amount
of 2 was observed. Treatment of 4 with lithium or
sodium in ¢erf-butyl alcohol and tetrahydrofurani4
produced trace to small amounts of 2 along with varying
amounts of tetralin, 1,4-dihydronaphthalene, and
naphthalene, and, in the case using lithium, a small
amount of benzobicyclo[2.2.0]hex-2-ene (3).5

Finally, it was found that disodium-phenanthrene,6
a mild dehalogenating reagent, effected the dechlorina-
tion of4t0 2 in 34% yield.l7

2

The nmr spectrum of 2 (the samples always contain
trace to small amounts of naphthalene) exhibited three
finely split multiplets at r 2.95 (aromatic), 3.43 (ole-
finic), and 5.58 (bridgehead); this spectrum is re-
produced in ref Ib. The chemical shift of the olefinic
protons is virtually identical with the values reported
for the analogous protons (t 3.45) of bicyclo [2.2.0]hexa-
2.5- diene (1)3 and (r 3.43) benzobicyclo[2.2.1 [hepta-
2.5- diene (7).0 The bridgehead protons of 2 absorbed
0.58 ppm downfield from those of 13 (r 6.16) and over
0.8 ppm downfield from those in 7 (r 6.41, neat).10

The ultraviolet spectrum of 2 was not sufficiently
different from that of benzocyclobutenel8 to warrant
postulation of homoconjugation of the olefinic double
bond with the aromatic ring

As was previously mentioned, 2 rearranges to
naphthalene. The rate constant for this rearrangement
was determined in carbon tetrachloride at 38 + 0.2°,
the ambient probe temperature of the nmr spectrom-

(11) Cis vicinal coupling constants in four-membered rings are large
(4-10 Hz); see F. A. Bovey, “Nuclear Magnetic Resonance Spectroscopy,”
Academic Press, New York, N. Y., 1969, p 362.

(12) We thank Dr. R. W. Kiser, University of Kentucky, for determina-
tion of this mass spectrum on an RMU-6E mass spectrometer.

(13) G. Schroder and T. Martini, Angew. Chem., Int. Ed. Engl., 6, 806
(1967), reported a 70% yield of 2-chloro-3-fluorobicyclo[2.2.0]hexa-2,5-diene
from the reaction of 5,5-dichloro-6,6-difluorobicyclo[2.2.0]hex-2-ene and
methyllithium.

(14) P. G. Gassman and P. G. Pape, 3. Org. Chem., 29, 160 (1964).

(15) The components were shown to be present from the nmr spectra of
chromatographic fractions of the mixtures.

(16) E. Vogle, H. Kiefer, and W. R. Roth, Angew. Chem., Int. Ed. Engl.,
3, 442 (1964), reported the use of this reagent in a debromination step to
produce bicyclo [2.2.0]octa-2,4,7-triene.

(17) This is a minimum yield. The yield of 2 used in a diimide reduction
to 3 was 58% assuming a 90% yield in the reduction step.

(18) M. P. Cava and D. R. Napier, J. Amer. Chem. Soc., 80, 2255 (1958).
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eter. A half-life of 3.96 hr and a rate constant of
(4.85 £ 0.48) X 10-5 sec-1 were determined for this
rearrangement under these conditions.

Hydroboration of 2 followed by reaction of the inter-
mediate borane with basic hydrogen peroxide produced
benzobicyclo [2.2.0 ]hex-5-en-exo0-2-0l (8) in 15% vyield
(based on 4). The exo configuration of the 2-hydroxy
substituent in 8 is argued for by analogy with the
specific exo hydroboration of bicyclo [2.2.0 jhex-2-enel9
and other bicyclic olefins, and the results of spin
decoupling of the nmr spectrum of 8.2

To further characterize 2, it was reduced with diimide
to 3.7 Attempted glpc of 3 led to rearrangement, with

3

1,2-dihydronaphthalene and naphthalene as the only
observed products. The mass spectrum2 of 3 showed
a large M+- ion (m/e 120, relative abundance 79%)
with the M+- — 1 peak as the base peak. This may
involve cleavage of the c1-c4 bridge bond with loss of a
hydrogen atom to produce benzylic cation 9. Further
loss of a hydrogen atom then leads to m/e 128 (relative

9 10

abundance 72%), the naphthalene or 2 cation radical.
The second major process appears to be the loss of
mCH3to an ion m/e 115 (relative abundance 74%). A
third path of electron impact fragmentation is the loss
of ethylene from M +-, the product of which may be 10
(m/e 102, relative abundance 10%).

The nmr spectrum of 3 (reproduced in ref Ib) con-
sists of an AZBO multiplet for the aromatic protons
centered at t 2.93, a multiplet centered at t 6.19 for the
bridgehead protons, and a complex multiplet between
r 7.33 and 8.28 attributed to the methylene protons.
The ultraviolet spectrum of 3 showed that the three
large absorptions were shifted to somewhat lower
wavelengths than those of 2 and gave a reasonable
correspondence to those of benzocyclobutene.18

(19) R. N. McDonald and C. E. Reineke, 3. Org. Chem., 32, 1878 (1967).

(20) Saturating in the methylene proton (xHs and nHj) region (r 7.6-7.85)
the original methine (nH’) simplified to a broad singlet. The residual
coupling was between Hi and nHs and must be less than J = 1 Hz, which
establishes the hydroxyl group as exo.:1'2:  Saturation in the bridgehead
proton (Hi and Ha4) region simplifies the methylene (xHs and nHs) multi-
plet to a complex doublet due to the remaining germinal coupling, JnH —
Jxh3 a chemical shift difference in xHs and nHs, and cis («/nH — i1nH) and
trans (Jrtt — 1xRz) vicinal couplings. The triplet observed for nH:
sharpened by saturating at the bridgehead proton region, n and x refer
to endo and exo, respectively.

(21) (a) K. B. Wiberg, V. Z. Williams, and L. E. Friedrich, 3. Amer. Chem.
Soc., 90, 5338 (1968); (b) K. B. Wiberg and D. E. Barth, ibid., 91, 5124
(1969).

(22) We thank Dr. R. G. Cooks for determination of this mass spectrum
on an MS-9 mass spectrometer.
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Experimental Section:s

3enzenediazonium-2-carboxylate.— This compound was pre-
pared according to the published proeedure.8 Yields of 33-61%
of brown to light buff needles were obtained. The infrared
spectrum compared well to that reported.sb Caution: This
compound is explosive when subjected to friction, especially
when scraped on hard surfaces.

exo,cfs-5,6-Bichlorobenzobicyclo[2.2.0]hex-2-ene (4).—To a
solution of 13.2 g (107 mmol) of cis-3,4-dichlorocyclobr.tene? in
100 ml of dioxane (distilled from sodium) was added 3.14 g
(21.2 mmol) of freshly prepared benzendiazonium-2-carboxylate.
The resultant slurry was magnetically stirred at 43-52° under
nitrogen until the mixture became homogeneous (3.25-4.5 hr
depending on the purity of the benzvne precursor). The solu-
tion was dark brown at this point. The dioxane and the cis-
3.4-
33-cm Vigreux column with a maximum pot temperature of 70°,
leaving a dark brown viscous residue. This residue was dis-
solved in about 100 ml of ether and filtered to give a colored
solution. The ether was evaporated in a molecular still, and the
product was sublimed at room temperature and 0.05 mm from
the residue as a white crystalline solid mixed with a light yellow
oil. The oil was separated from the solid by rubbing the mix-
ture on a piece of absorbent paper. This afforded 0.48 g (11.3%
yield) of crude product. Further purification was effected by
subliming half of the total yield at room temperature and 0.05
mm, cleaning the cold finger and continuing the sublimation.
The second half of the sublimation was the purer sample (mp
~ 70-79°), which was purified further by repeated sublimations.

The first half was impure and was purified by column chro-
matography using neutral, activity | Woelm alumina with
carbon tetrachloride as an eluent with a fairly fast elution rate.
The first few fractions contained the purest product, mp 60-79°,
from the chromatography. This was purified further by re-
peated sublimations. The melting point of the product was 79-
79.5° (sealed tube). The nmr, infrared, mass, and ultraviolet
[263 nm (log e 3.19), 267 (shoulder) (3.23), 269 (3.42), and

275.3 (3.44) in cyclohexane] spectra all agreed with the assigned
structure.

Anal. Calcd for CioHjCh: C, 60.35; H, 4.02. Found: C,
60.39; H, 4.14.

In several runs of this preparation, various ratios of the cis-
3.4- dichlorocyclobutene to benzenediazonium-2-carboxylate were
used. Table | isa table of these ratios and their respective yields.

Tablu |

Cyclobutene: Yield of
diazonium salt 4, %
3.7:1 7.3
5.5:1 4.5
8.0:1 10.4
4.0:1 10.0
5.0:1 11.3
12.5:1 8.9
1.5:1 2.4

These yields are based on the product sublimed from the crude
product mixture with the benzenediazoniiim-2-cai'boxylate as the
limiting reagent as described in the above procedure.
Dehydrochlorination of ero,ri's-5,6-Dichlorobenzobicyclo-
[2.2.0]hex-2-ene.— 4 (30 mg, 0.15 mmol) was dissolved in 4.5 ml
of serf-butyl alcohol (distilled from sodium). To this was added
24 mg (0.6 mg-atom) of potassium and the mixture was heated
under reflux overnight. Water (25 ml) was then added and the
mixture was extracted with three 25-ml portions of pentane.
The pentane extracts were washed with three 100-ml portions of
water, dried (MgSOi), and distilled to near dryness. The rest
of the solvent was evaporated on a rotary evaporator to give 11
mg (45% vyield) of crude 2-chloronaphthalene, mp 35-58° (lit.4

(23) All melting points were determined on a Kofler hot stage and are
corrected. Boiling points are uncorrected. Infrared and ultraviolet spectra
were determined on a P-E 137 and Cary 11 spectrophotometer, respectively,
while nmr spectra were obtained on a Varian A-60 spectrometer. Gas
chromatographic analyses were performed using a F & M Model 500
temperature-programmed gas chromatograph. Microanalyses were done by
Galbraith Laboratories.

(24) F. D. Chattaway and W. H. Lewis, 3. Chem. Soc., 875 (1894).

dichlorocyclobutene were removed under vacuum using a

McDonald, Fhickey, and Muschik

mp 58°). The nmr spectrum of the product was identical with
that of an authentic sample.

Benzobicyclo[2.2.0]hexa-2,5-diene (2).—To a magnetically
stirred solution of 2.021 g (11.79 mmol) of phenanthrene in 10
m1 of freshly distilled glyme (distilled from calcium hydride and
then from lithium aluminum hydride) in a 25-m|, dry, two-necked
flask fitted with a rubber septum and a gas inlet was added
0.700 g (30.4 mg-atoms) of sodium at ice bath temperature. (The
sodium was cut immediately prior to addition and added quickly
so as to present a clean surface to the phenanthrene solution.)
After a few minutes of stirring under nitrogen, the solution be-
came very dark green. Thirty minutes was allowed for the
reaction of the sodium with the phenanthrene.

The green solution was then recovered from the flask by means
of a syringe and charged into a solution of 0.782 g (3.93 mmol)
of 4 (75-90% pure) in 10 ml of anhydrous glyme under nitrogen
at room temperature in a 50-m| two-necked flask fitted as above.
The first few drops were decolorized and a white precipitate
formed immediately. After 30 min of stirring under nitrogen,
the mixture became brown and never lightened much more during
the 1.25-hr reaction time.

The reaction mixture was dissolved in 100 ml of ether, which
was washed with four 50-ml protions of water and dried (MgSCh)
in the freezer. Evaporation on a rotary evaorator to near dry-
ness gave a yellow, solid residue. Any residual ether or glyme
was evaporated by means of an oil pump and collected in a Dry
Ice cooled trap. The product was distilled using a trap-to-trap
apparatus at room temperature and 0.1-0.2 mm pressure and
collected in a trap cooled in liquid nitrogen. The length of
time of distillation was determined by stopping when a little
of the starting material began to sublime onto the inside of the
upper portion of the vacuum adaptor used for the distillation.
The yield of the product as a clear, colorless liquid was 171 mg
(34%). The unreacted starting material was recovered by sub-
liming about one-fourth to one-third of the residual solid from
the distillation and chromatographing the sublimate on basic,
activity | alumina with carbon tetrachloride as the eluent.

The nmr and ultraviolet [257.8 nm (shoulder) (log €2.75), 263.4
(2.97), 270 (3.12), 276.5 (3.15), 284.5 (2.37), 287 (2.32) in cyclo-
hexane containing ca. 5.6% naphthalene impurity] spectra were
in agreement with the assigned structure of 2.

Determination of the Kinetics of the Isomerization of 2 to
Naphthalene.— A sample of 5-10 mg of 2 was dissolved in 0.2 ml
of carbon tetrachloride (distilled from phosphorus pentoxide)
to give a 0.17-0.39 M solution. Using a capillary tube con-
taining a 10% solution of methylene chloride in carbon tetra-
chloride as a standard, the amount of 2 present at various times
was determined by integration. The nmr spectral absorption
corresponding to the r 3.42 absorption of 2 and the methylene
chloride singlet were integrated and a ratio of the areas was ob-
tained. The temperature at which the study was done was 38 +
0.2°, the ambient probe temperature.

Benzobicyclo[2.2.0]hex-2-ene (3).— A 250-mg (1.26 mmol)
sample of dichloride 4 was deehlorinated to 2 using the disodium -
phenanthrene complex. Two trap-to-trap distillation fractions
were obtained which contain 2 with no apparent naphthalene
present. These fractions were dissolved in 5 ml of dry methanol
and combined with a yellow, methanolic slurry of dipotassium
azodicarboxylate [prepared from 0.630 g (5.43 mmol) of azodi-
carbonamide2] with stirring under nitrogen. To this was slowly
added a solution of 0.90 ml of glacial acetic acid dissolved in 5
ml of dry methanol over a 2-hr period at room temperature. The
yellow slurry changed to white after a portion of the acid had
been added. After stirring under nitrogen for an additional 5
hr, the reaction mixture was transferred to a separatory funnel
with 150 ml of ether. The ether layer was separated, washed
with eight 60-ml portions of water and 10 ml of saturated,
aqueous sodium bicarbonate solution, and dried (MgS04) in the
refrigerator overnight. Evaporation of the ether left a yellow,
liquid residue which was trap-to-trap distilled to give 85 mg of 3,
bp 25° (0.5-0.8 mm). This represents a 52% overall yield of 3
from 4. The nmr and ultraviolet [262 nm (ODmIl 0.94), 268
(1.17), 274 (1.28), and 285 (0.89)]% spectra were in agreement
with the assigned structure.

(25) J. Thiele, Justus Liebigs Ann. Chem., 271, 127 (1892).

(26) Extinction coefficients were not determined for this spectrum due to
an unknown degree of contamination by naphthalene and binder from tic
from another preparation.
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Another preparation of 3 produced enough pure compound by
column chromatography for elemental analysis.

Anal. cCcalcd for CioH10 C, 92.26; H, 7.74. Found: C,
92.09; H, 7.74.
Benzobicyclo[2.2.0]hex-S-en-eio-2-0l (8).—4 (150 mg) was

converted to 2 as described above. Olefin 2 was immediately
transferred to a reaction vessel containing 1 mlof tetrahydrofuran
(distilled from LiAIH,) at 5-10°. To this was added 0.45 ml of
a 0.45 M diborane solution in tetrahydrofuran. After stirring
for 1 hr, water was added dropwise to destroy excess diborane
followed by 0.1 ml of 3 N aqueous sodium hydroxide and 0.1 ml
of 30% hydrogen peroxide. Stirring was continued for 1 hr.
The reaction mixture was extracted with 20 ml of ether, which
was separated and washed with four 5-ml portions of saturated,
aqueous brine. The organic layer was dried (MgSO,) at 0°, the
ether was removed on a rotatory evaporator, and the liquid resi-
due was chromatographed on activity I, basicalumina to give 17
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mg (15% based on 4) of 8: ir (neat) 3260, 2950, 1460, 1060, and
745 cm-1; nmr (CCI,, internal TMS) t 2.85 (m center, aromatic
AZ2B2, 4), 5.75 (t center, C2H, 1), 6.15 (m center, bridgehead
H's, 2), 6.87 (s, OH, 1), and 7.6-7.85 (m, CH2, 2).

Anal. cCalcd for CioH10D: C, 82.16; H, 6.90.
C, 81.98; H, 6.81.

Found: C,

Registry No.—2, 20847-82-9;
20902-25-4; 8,33905-59-8.

3, 20847-83-0; 4,
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Synthesis of Angularly Substituted Tetrahydro- and Hexahydrofluorenesl
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A series of 7-methoxy-2,2-ethylenedioxy-1,2,3,9a-tetrahydrofluorenes has been synthesized in which the 9a
substituent has been transformed from COOEt into CHO, CHNOH, COOLi, COONa, CONTE, CN, and COMe

as well as into the previously reported groups COOMe, CH2H, and COOH.

For each substituent the cis and

trans compounds resulting from olefin reduction have been synthesized by routes which establish their stereo-

chemistry.
isdiscussed.

In the hydrogenation of olefins over heterogeneous
catalysts, the stereochemistry of reduction has been
found to be influenced not only by the bulk of neighbor-
ing functional groups but by attractive interactions
between certain of these groups and the catalyst sur-
face.3 These interactions, in contrast to steric effects,
are responsible for addition of hydrogen cis with
respect to the group involved. Our study of this
phenomenon3required us to synthesize a series of com-
pounds lu, in which the angular group R represented a

Ic = cis; It = trans

variety of common functional groups, as well as re-
quiring us to prepare authentic samples of the cor-
responding cis (Ic) and trans (It) reduction products.

We report here these syntheses, which were accom-
plished by transformations of the unsaturated carbo-
ethoxy compound (2 u) and which illustrate reactivities
and limitations in a system which is both severely
crowded and acid sensitive. The results are instructive
as to the relative usefulness in such an environment of a
number of the existing methods for functional group
transformation.

The only cases for which we had already made entire

(1) Abstracted in part from the Ph.D. thesisof R. E. N.
(2) NASA Predoctoral Trainee, 1966-1967.
(3) H.W. Thompson, J. org. Chem., 36, 2577 (1971).

The influence of the stereochemistry at C-4a on the course of reactions at the group attached at C-9a

sets consisting of all three compounds (u, ¢, and t) for
a given functional group were carbomethoxy (3) and
hydroxymethyl (4). Since the stereochemistry of
each of these materials was unequivocally known,3
they were in practice the starting or reference points for
our synthetic sequences. As these sequences in many
instances parallelled each other for our three series of
compounds (Schemes I—11) we shall usually discuss
the transformations in the unsaturated series as being
typical of all three.

We had synthesized the previously reported cis al-
dehyde (and established its stereochemistry)4by oxida-
tion of the ds-hydroxymethyl compound 4c with Cr03
in pyridine.6 The same procedure was successful for
preparation of 5u and 5t; however, yields were con-
sistently poor and we found that greatly improved
yields for the entire aldehyde set could be obtained
with the procedure employing dicyclohexylcarbodiimide
and dimethyl sulfoxide.6 Treatment of the aldehyde
5u with hydroxylamine in ethanol proceeded smoothly
to give the oxime s u.7

The unsaturated carboxylic acid 7u had been pro-
duced as previously described3from the corresponding
ester by saponification. The trans acid could also be
obtained by saponification, albeit under more drastic
conditions than were required for 2u, and the stereo-
chemistry of 7t was thus related unequivocally to the
trans series. As none of the reduction methods tried
on the unsaturated ester 3u gave appreciable quantities
of cis ester, we could not prepare the cis acid by an
analogous saponification. However, metal-ammonia
reduction of the acid 7u provided 7c in good yield and

(4) H. W. Thompson, ibid., 32, 3712 (1967).

(5) J. Schmidlin and A. Wettstein, Helv. Chim. Acta, 45, 331 (1962).

(6) K. E. Pfitzner and J. G. Moffatt, 3. Amer. Chem. Soc., 87, 5670 (1965).
(7) The same procedure was used to obtain the cis and trans isomers.



1308 J. Org. Chem., Vol. 37, No. 9, 1972

Scheme |

Unsaturated Series

"\ — » 12u
MeO' COMe

3u> R = Me 7u, R=H -
8u, R= Li
1 9u, R= Na COOR
' 1
4u CHDH S
T
1 10u  CONH2
5u CHO
llu CN
~V
6u CHNOH

the methyl ester was in turn prepared from 7c by treat-
ment with diazomethane.3

The acid 7u, in addition to being the starting point
for the aboye compounds and for the nitrogen-bearing
compounds of the unsaturated series (Scheme 1), was
converted to its sodium and lithium carboxylates by
careful treatment with exactly or slightly less than
equivalent amounts of the corresponding metal hy-
drides, followed by removal of excess 7u by trituration
with hot benzene until the ir spectrum showed com-
plete loss of carbonyl stretching absorption.7

In order to prepare the amide 10u we attempted ester
ammonolysis under a variety of conditions, ranging
from anhydrous ethanolic ammonia (no reaction) to
potassium amide in liguid ammonia (very poor yields).
Of several procedures involving conversion of carboxylic
acid salts into reactive intermediates,89 the most suc-
cessful was treatment of the lithium carboxylate 8u
with oxalyl chloride in pyridine solution,9 followed by
reaction with liquid ammonia; this provided 10u7in a
yield of 52%. Dehydration of the carboxamide to the
corresponding nitrile (llu) proceeded readily in THF-
pyridine on treatment with thionyl chloride.710

Our attempts to convert the carboxylic acid to the
acetyl compound by direct methylation of the lithium
salt 8u with methyllithiumll resulted in poor yields of
12u and isolation of mixtures either rich in starting
material or in tertiary alcohol. Alternate pathways in-
volving treatment of the aldehyde 5u with methyl
Grignard followed by oxidation,6and treatment of the
acid chloride with cadmium reagent, proved equally
unpromising. The sequence which proved successful
for the synthesis of 12u and 12c was the condensation of
DMSO anion with an ester followed by reductive
cleavage of the a carbon-sulfur bond with aluminum

(8) W. L. Garbrecht, 3. org. Chem., 24, 368 (1959).

(9) R. Adams and L. H. Ulich, 3. Amer. chem. Soc., 42, 599 (1920);
A. L. Wilds and C. H. Shunk, ibid., 70, 2427 (1948); Ch. R. Engel and G.
Just, can. J. chem., 33, 1515 (1955).

(10) J. A. Krynitsky and H. W. Carhart in “Organic Syntheses,” Collect.
Vol. IV, N. Rabjohn, Ed., Wiley, New York, N. Y., 1963, p 436.

(11) H. O. House and T. M. Bare in “Organic Syntheses,” Vol. 49, K. B.
Wiberg, Ed., Wiley, New York, N. Y., 1969, p 81; M. J. Jorgenson in “Or-

ganic Reactions,” Vol. 18, W. G. Dauben, Ed., Wiley, New York, N. Y.,
1970, p 1

Thompson and Naipawer

Scheme |1

Cis Series

3c COOMe 12c COMe

6¢c CHNOH

1lc CN

amalgam.’2 However, this was not successful for
synthesis of the irans-methyl ketone from 2t, the only
ketonic product isolated being, not :12t, but i2c, evi-
dently due to removal of the tertiary benzylic proton
under the very strongly basic reaction conditions. This
and the subsequently described isomerization in the
methyl set of compounds provide additional evidence
for the correctness of our stereochemical assignments,
as the cis compounds are known, both from the data of
othersl13 and from metal-ammonia reduction of 4u and
7u, to be the more stable thermodynamically. The
trans-methyl ketone I:t fortunately became available
by catalytic hydrogenation of 12u and its stereochemis-
try was demonstrated by haloform cleavage to the
trans acid.

Although we have not yet been able to synthesize the
set in its entirety, we explored a number of reactions
aimed at complete reduction of the angular function to a
methyl group, including (1) LiAlIH4 treatment of 4u
tosylate and 4c mesylate in ether, pyridine, THF, and
DME under avariety of conditions; (2) LiH - LiAIH4
treatment of 4u tosylate and 4c mesylate in THF;4
(3) Li-NH3treatment of 4u tosylate and 4c mesylate; 15
(4) LiAIH4 and NaBHA4 treatment of 5u tosylhydra-
zone;16 (5) PBr3treatment of 4u in pyridine at 0 and
60°; (6) (COCI)2 + pyridine treatment of 4u..» The
only reaction which gave angular group reduction with-
out other disruptions of the molecule was Wolff-
Kishner reductionl518 of the trans aldehyde 5t. Curi-
ously, the similar reduction of 5c failed, as did the at-

(12) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 87, 1345
(1965).

(13) H. O. House and G. H. Ramusson, J. Org. Chem., 28, 31 (1963); and
footnotes 8 and 9 in ref 3.

(14) J. E. Johnson, R. H. Blizzard, and H. W. Carhart, 3. Amer. Chem.
Soc., 70, 3664 (1948).

(15) J. A. Marshall, H. Faubl, and T. M. Warne, Jr., Chem. Commun.,
753 (1967); J. A. Marshall and T. M. Warne, Jr., J. Org. Chem., 36, 178
(1971); J. A. Marshall and R. A. Ruden, ibid., 36, 594 (1971).

(16) L. Caglioti and M. Magi, Tetrahedron, 19, 1127 (1963); L. Caglioti,
ibid., 22, 487 (1966).

(17) S.J. Rhoads and R. E. Michel, 3. Amer. Chem. Soc., 86, 585 (1963).

(18) W. Herz, A. K. Pinder, and R. N. Mirrington, J. Org. Chem., 31,
2257 (1966).
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tempt with 5u and with the mild Wolff-Kishner condi-
tions (KO-feri-Bu + DMSO) introduced by Cram.19
While we were able to isomerize the ;rans-methyl com-
pound to cis by use of potassium amide, our attempts to
utilize the former to make the unsaturated compound
by benzylic bromination (NBS) led to introduction of
bromine but apparently only at the benzylic methylene
group, since we were unable to dehydrobrominate the
product.

Because some amines are known to be catalyst
poisons and hence interact strongly with catalyst sur-
faces, we particularly desired to obtain the amino-
methyl set of compounds. Reduction of the three
carboxamides (10) with LiAIH4 using a variety of con-
ditions and solvents, led to aminomethyl compound
only from IOu and then in disastrously low yield. The
other compounds isolated in all cases were starting
materials and carboxaldehydes (5), which arise from
failure either of the intermediate iminate to undergo
reduction or of the aluminoxyaminate precursor to
form iminate by oxygen elimination. Further un-
successful attempts to produce the aminomethyl com-
pounds involved (1) LiAlIH4 treatment of the nitriles
(11); (2) LiAlIH4 treatment of the aldoximes (6); (3)
catalytic hydrogenation of the aldoximes (6) with
Raney cobalt®d at 40 atm and 65° and with 5% Rh/
AID 21 at 1 atm and 25°; (4) KNH2 treatment of 4u
tosylate in refluxing ammonia, benzene and toluene;
(5) NaNs treatment of 4u tosylate and 4c mesylate.2

In general our experience bore out the idea suggested
by models that steric hindrance at the neopentyl
carbon is greatest in the trans and least in the cis com-
pounds. This is consistent with the behavior of the
trans ester 2t in the presence of DMSO anion; in the
conversion of 7 into its acid chloride, reaction with the
trans material would not proceed at the temperatures
which sufficed for the unsaturated and cis compounds.
In addition we observed that reactions involving attack
at the neopentyl carbon invariably failed when that
carbon was tetrahedrally hybridized. Although addi-
tions to a carbonyl group at this center did proceed in
many instances, evidently the five coordination re-
quired for Sn2 displacements at an already tetrahedral
neopentyl carbon is excessively difficult in this crowded
steric environment. Substitutions of the Sn2 type at
neopentyl carbons are normally very difficult but have
been effected in some instances.Z3 However, we are
not aware of any reports of successful Sn2 reactions at
ring-juncture neopentyl carbons of this sort.15 One at-
temptat such adisplacement in this system, by acetylide
on the tosylate of 4c, has already been recorded.4
Several more attempts were made in the present work
with amide, azide, and borohydride, all with equal lack
of success. Displacements with aluminohydride were
in several instances apparently successful but led to loss
of ketal and/or olefin as well.

(19) D. J. Cram, M. R. V., Sahyun, and G. R. Knox, J. Amer. Chem. Soc.,
84, 1734 (1962).

(20) W. Reeve and J. Christian, ibid., 78, 860 (1956).

(21) M. Freifelder, W. D. Smart, and G. R. Stone, J. oOrg.
2209 (1962).

(22) A. K. Bose, J. F. Kistner, and L. Farber, ibid., 27, 2925 (1962).

(23) E. L. Eliel and F. H. Westheimer in “ Steric Effects in Organic Chem-
istry,”” M. S. Newman, Ed., Wiley, New York, N. Y., 1956, pp 76-79, 538-
541; N. Kornblum and D. C. Iffland, 3. Amer. Chem. Soc., 77, 6653 (1955);
L. Friedman and H. Shechter, «7. org. chem., 25, 877 (1960); G. A. Wiley,
R. L. Hershkowitz, B. M. Rein, and B. C. Chung, J. Amer. Chem. Soc.,
86, 964 (1964).
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Scheme |11

Trans Series

2u, 3u 12u

12t COMe

1

7t, R=H COOR
9t, R= Na

1
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10t CONH,

1
5t CHO IP

lit CN

6t CHNOH

Experimental Sectionz.

Cr03Pyridine Preparation of Unsaturated Aldehyde Su.—To
a solution of unsaturated alcohol 4u (879 mg, 3.05 mmol) in 15
ml of pyridine containing 1% water was added 43 ml of a satu-
rated solution of Cr03in the same solvent. The flask, flushed
with N2 and stoppered, was allowed to stand at room tempera-
ture for 24 hr with stirring, after which 29 ml more of the Cr03
solution was added and the mixture was stirred for an additional
48 hr under N2. The reaction was worked up by addition of
ether and filtration. The filtrate was passed through a short
column of basic alumina, then concentrated and chroma-
tographed, providing ca. 170 mg of tan solid, which was sublimed
at 150° (0.01 mm) and recrystallized from pentane to give 160
mg (18%) of 5u as light tan crystals: mp 154-156°; ir 2700,
1715, 1610, 1585, 935 cm-1 (ketal) with no absorption in the
3600-3200 cm "1region; uv 218 nm (e 11,900), 265 (12,900), 298
(5150); nmr 819 (1 H,d,/ = 13Hz),255 (1 Hd,J = 13Hz),
2.5-2.9 (3 H complex), 3.2 (1 H, d,J = 16 Hz), 3.8 (3 Il s),
395 (4HmM),6.1 (LHt J=4Hz),6.656.9 (2H m), 7.35 (L H
d,J = 9.5 Hz), 9.75 (1L H s).

Anal. cCalcd for Ci,H 10 4
71.34; H, 6.37.

DCC-DMSO Preparation of 5u.— Solid dicyclohexylcarbodi-
imide (1.24 g, 6.0 mmol) was added to a solution of unsaturated
alcohol 4u (576 mg, 2.0 mmol) in 6 ml of dry 1:1 DMSO-benzene
which contained dry pyridine (0.16 ml, 2.0 mmol) and trifluoro-
acetic acid (0.08 ml, 1.0 mmol). The flask was flushed with N2
and stoppered and the suspension was stirred for 48 hr at room
temperature, after which 25 ml of ether and a solution of an-
hydrous oxalic acid (540 mg, 6.0 mmol) in 5.0 ml of MeOH were
added; gas was evolved and the suspension was stirred for 30
min. Water and ether were added and urea was removed by
filtration. Separation and extraction of the filtrate provided an

C, 71.31; H, 6.34. Found: C,

(24) Melting points were determined with a Mel-Temp apparatus and

are uncorrected; infrared (ir) spectra were taken, using a Beckman IR-10 or
a Perkin-Elmer 457 spectrometer, on CHCla solutions unless otherwise
specified; ultraviolet (uv) spectra were determined with a Cary Model 14
spectrophotometer and employing 95% EtOH as solvent; nmr spectra were
taken using a Varian A-60 or A-60A spectrometer and CDCh solutions
(CH:Cl2 and/or Me«Si internal standard); mass spectra were obtained from
a Perkin-Elmer Model 270 mass spectrometer; unless otherwise specified
MgSOi was the drying agent and Florisil was the chromatograph absorbent
employed; microanalyses were performed by Micro-Tech Laboratories,
Skokie, 111,; the abbreviations DCC, DME, DMSO, and THF refer to di-
cyclohexylcarbodiimide, dimethoxyethane, dimethyl sulfoxide, and tetra-
hydrofuran, respectively.
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organic residue, chromatographed to give 400 mg (70%) of Su,
crystallizing from pentane as a crude tan solid, mp 147-152°.

DCC-DMSO Preparation of Cis Aldehyde 5c.—By the pro-
cedure described in detail above for 5u, cis alcohol 4C (353 mg,
1.22 mmol) was oxidized over 24 hr. After work-up, the crude
aldehyde was chromatographed and appropriate fractions were
combined. Sublimation at 160° (0.01 mm) and recrystallization
from pentane yielded 300 mg (85%) of 5C as a white solid: mp
69-71.5° (lit.4 mp 69.5-72°); ir (CC1,) 2700, 1725, 1610, 935
cm-1, no absorption in the 3600-3200 cm-1 region; nmr 5 1.25-
2.3 (6 H complex), 2.75 A1 Hd,/ = 16 Hz),3.05 (1 Hdd,/ =
16 Hz), 355 (1 Ht,/ = 5Hz),3.8 (3H ), 3.95(4H s), 6.65-6.9
(2ZHmM),7.1 (IHq, J = 1,9.5Hz), 9.85 (1 H s).

CrOj-Pyridine Preparation of Trans Aldehyde 5t—By the
procedure described in detail above for 5u, trans alcohol 4t (430
mg, 1.48 mmol) was oxidized over 72 hr. The crude oxidation
product was chromatographed and appropriate fractions were
combined and crystallized, yielding 95 mg of yellow-brown solid,
mp 124-126°, which was sublimed at 170° (0.01 mm) and re-
crvstallized from hexane to give 90 mg (21%) of 5t as white
crystals: mp 128.5-130°; ir (CC14) 2740, 1720, 1615, 935 cm*“1,
no OH absorption in the 3600-3200 cm-1 region; uv 227 nm (e
6800), 285 (2930), 290 s (2520); nmr S1.6-3.2 (9 H complex),
38 3Hs),39(4H mM), 6.6-6.85 (2H mM), 71 1 Hg,Jd = 1,9
Hz), 9.65 (1 H s).

Anal. cCalcd for CnH204:
70.70; H, 7.00.

DCC-DMSO Preparation of 5t.— By the procedure described
in detail above for 5u, trans alcohol 4t (500 mg, 1.73 mmol) was
oxidized over 48 hr. The crude product was chromatographed
and appropriate fractions were combined and crystallized from
hexane to give 350 mg (71%) of 5t as crude yellow crystals, mp
127-133°.

Unsaturated Aldoxime 6U.— By the general oximation pro-
cedure of Shriner, Fuson, and Curtin,% unsaturated aldehyde 5u
(500 mg, 1.75 mmol) was added to a suspension of NH2 HHCI
(665 mg, 9.5 mmol) and NaOH (400 mg, 10 mmol) in 35 ml of
absolute EtOH and refluxed for 18 hr under Nj. The mixture
was concentrated under vacuum; the residue was taken up in 50
ml of water and acidified to pH 3-4 with saturated aqueous oxalic
acid. Extraction with CH2C12and concentration gave 474 mg of
brown oily solid. Sublimation at 180° (0.01 mm) and recrystal-
lizations from ether-CH2CI2provided 400 mg (76%) of 6U as pale
yellow needles: mp 172-174°; ir ca. 3350 (broad), 1610, 1585,
935 ¢cm-1, no C=0 absorption; uv 261 nm (e 15,300), 300
(4640); nmrd1.95 (IHd,) = 13 Hz), 2.2-2.95 (4 H complex),
325 (1Hd,J = 16Hz),3.75 (3 Hs), 395 (4 Hs), 585 (1LHt,
J =4Hz),6.6-6.85 (21l m),7.25 (1 Hd,J = 9Hz), 755 (1L H
s)

C, 70.81; H, 6.99. Found: C,

Anal. Calcd for CnHIN 04:
C, 67.61; H, 6.46.

Cis Aldoxime 6C.— By the procedure described in detail above
for 6U, cis aldehyde 5C (320 mg, 1.11 mmol) was oximated over 8
hr to yield 330 mg of crude oily product, which was sublimed at
180° (0.01 mm) and crystallized from ether-pentane to yield 270
mg (80%) of 6C as awhite solid: mp93-94°; irca. 3350 (broad),
1610, 1590, 930 cm -1, no C =0 absorption; uv 228 nm (t 8180),
283 (2730), 288 s (2420); nmr h1.2-2.35 (6 H complex), 2.7 (1
Hd,/ = 16Hz),2.9-3.5 (2H m), 3.75 (3H s), 3.9 (4H s), 6.6-
7.15 (3 H m), 7.8 (1 H s).

Anal. cCalcd for C,H2INO04:
C, 67.23; H, 6.99.

Trans Aldoxime 6t.— By the procedure described in detail
above for 6uU, trans aldehyde 5t (350 mg, 1.22 mmol) was oxi-
mated over IS hr to give 376 mg of crude solid. Sublimation at
180° (0.01 mm) and recrystallizations from CH2C12 yielded 225
mg (61%) of 6t as white crystals: mp 195-197°; ir ca. 3350
(broad), 1615, 1590, 930 cm-1, no C =0 absorption; uv 228 nm
(e 8370), 282 (2760), 2S8 s (2450); nmr 51.0-3.0 (8 H complex)
31 A Hd,/ = 145Hz),3.75(3H s), 3.9 (4H s), 6.5-7.1 3H
complex), 7.5 (1 H s), 7.55 (1 H, broad).

Anal. cCalcd for CnH2N 04 C, 67.31; H, 6.98.
C, 67.20; H, 6.91.

Trans Carboxylic Acid 7t.— A solution of trans ethyl ester 2t
(1.8 g, 5.42 mmol) and KOH (4.0 g, 71 mmol) in 180 ml of 2-
methoxyethanol was refluxed under N2. After 24 hr the cooled

C, 67.76; H, 6.36. Found:

C, 67.31; H, 6.98. Found:

Found:

() R L Shirer, R C Fuson, and D. Y. Curtin, “The ic
k]gitlficatim of Organic Compounds,” 5th ed, Wiley, New York, N Y.,

Thompson and Naipawer

mixture was acidified to pH 3-4 with saturated aqueous oxalic
acid, then diluted with more water and extracted with CH2C12.
Sublimation of the extraction residue at 150° (0.01 mm) and re-
crystallizations from absolute EtOH yielded 1.2 g (73%) of 7t
as white crystals: mp 198-200°; ir 3600-2300 (broad), 1715,
1610, 1585, 945 cm"1; uv 219 nm (e 7050), 228 (7210), 283
(2820), 290 s (2440); nmr 618 (1 H d, J = 13 Hz), 1.85-2.95
(7H complex), 3.1 (IHd,J = 155Hz),3.8 (3H s), 3.9 (4 H m),
6.6-6.85 2 H m), 705 (1 Hd,J = 9Hz), 106 (1 H s, broad).

Anal. cCalcd for CIH205 C, 67.09; H, 6.62. Found: C,
67.04; H, 6.60.

Identical material could be obtained in purified yields of ca.
75-80% by catalytic hydrogenation of 7U under the conditions
previously specified.3

Unsaturated Lithium Carboxylate 8u.— Unsaturated carboxylic
acid 7U (141 mg, 0.466 mmol) was added to a stirred suspension of
LiH (3.4 mg, 0.425 mmol) in dry DM E and the mixture was re-
fluxed for 2 hr under N2. The mixture was cooled in an ice-salt
bath and the insoluble Li salt was removed by filtration. The
solid was washed three times with 10-ml portions of hot benzene
and then once with cold anhydrous ether; the solid was dried for
1 hr at room temperature under vacuum (1.0 mm) to give 111
mg (85%) of 8U as an off-white solid displaying no C =0 absorp-
tion in its ir spectrum (KBr).

Cis Lithium Carboxylate 8c.—By the procedure described
above for 8U, cis carboxylic acid 7¢c (150 mg, 0.496 mmol) was
converted to its lithium salt, which was purified to give 117 mg
(76%) of 8C as an off-white solid, whose ir spectrum (KBr) lacked
C =0 absorption.

Unsaturated Sodium Carboxylate 9u.— Unsaturated carboxylic
acid 7U (145 mg, 0.471 mmol) was added to a stirred suspension
of 0.471 mmol of NaH (20.2 mg of 56% oil dispersion washed
twice with pentane) in dry DME (25 ml) under N2. The mixture
was refluxed for 2 hr, then cooled and concentrated to dryness
under vacuum. The solid residue was purified as described for
the lithium salt to give 136 mg (93%) of 9u as a light tan solid
having no C =0 absorption in itsir spectrum (KBr).

Trans Sodium Carboxylate 9t.— By the procedure described
above for 9u, trans carboxylic acid 7t (150 mg, 0.496 mmol)
was converted to its Na salt and the product was isolated and
purified to give 110 mg (69%) of 9t as an off-white solid whose ir
spectrum (KBr) showed no C =0 absorption.

Unsaturated Carboxamide IOu.— Unsaturated carboxylic acid
7u (501 mg, 1.66 mmol) was added to a stirred solution of LIiOH =
H2 (69.8 mg, 1.66 mmol) in 70 ml of MeOH and the solution
was stirred overnight at room temperature and then concentrated
to dryness under vacuum. The residual solid was taken up in
75 ml of dry benzene and the solution was reduced to I/zZvolume
by distillation at atmospheric pressure. To the stirred ice-cold
benzene solution of the Li salt under N2was added dry pyridine
(ca. 0.1 ml) and then oxalyl chloride (0.34 ml, 4.0 mmol). The
resultant yellow suspension was allowed to warm to room tem-
perature and then heated to 40-50° and stirred for 2 hr. Excess
oxalyl chloride was removed under slight vacuum and the sus-
pension of a,cid chloride was cooled to room temperature. The
flask was then equipped with a Dry Ice condenser and anhydrous
NH3 (ca. 125 ml) was distilled into it. The suspension was
stirred at reflux for 4 hr, the NH3was then allowed to evaporate,
and the residue was extracted with water and CH2C12 Con-
centration of extracts gave 359 mg of crude yellow solid, which
was chromatographed. Appropriate fractions were combined,
sublimed at 170° (0.01 mm), and crystallized from 1:1 cyclo-
hexane-benzene to give 260 mg (52%) of lOuU as white crystals:
mp 161.5-163°; ir ca. 3530, ca. 3410, 1675, 1610, 1580, 940
cm*“1;, uv 261 nm (« 20,600), 300 (5930), 30S s (5170); nmr S
171 Hd,/ = 13Hz),26 2H t,J = ca. 3.5Hz), 29 (111d,
J = 16Hz),295 (1 Hd,J = 13 Hz), 3.3 (IHd,/ = 16 Hz),
3.8 (3H ss), 4.0 (4 H s), 565 (2 H, broad), 6.0 (1 11 t,J = 4
Hz), 6.65-6.9 (2H m),7.35(1Hd,J = 9Hz).

Anal. calcdforC,HINO04 C,67.76; H,6.36.
67.89; H, 6.37.

Cis Carboxamide 10c.— By the procedure described in detail
above for IOu, cis carboxylic acid 7¢ (518 mg, f.71 mmol) was con-
verted to the corresponding carboxamide, which was chromato-
graphed. Appropriately combined fractions were purified by sub-
limation at 170° (0.01 mm) and recrystallizations from CH2C12 to
give 400 mg (77%) of 10c as white crystals: mp 178.5-179°; ir
ca. 3480, ca. 3330, 1665, 1610, 1585, 925 cm-1; uv 220 nm («
6740), 228 (7070), 282 (2680), 288 s (2390); nmr S 1.3-2.3 (6 H
complex), 2.8 (1 Hd,J = 16Hz), 3.4-3.8 (2H complex), 3.8 (3 H

Found: C,
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s), 395 (4 H m), ca. 5.8-7.3 (2 H, very broad), 6.65-6.9 (2 H

m), 7.05 1 Hd,/ = 9 Hz).

Anal. cCalcd for CiH2NO4 C, 67.31; H, 6.98; mol wt,
303. Found: C, 67.13; H, 7.01; mol wt (mass spectrum),
303.

Trans Carboxamide IOt.— To a stirred suspension of LiH
(8.0 mg, 1.0 mmol) in 40 ml of dry DME was added trans car-
boxylic acid 7t (304 mg, 1.0 mmol) and the suspension was
refluxed for 2 hr under N2. The stirred mixture was cooled in
an ice-salt bath and dry pyridine (co. 0.1 ml) was added, followed
by oxalyl chloride (0.60 ml, 7.0 mmol). The resultant yellow
suspension was heated for 7 hr with stirring under N2at 45-55°;
the mixture was then cooled; and excess oxalyl chloride was re-
moved under slight vacuum.

The acid chloride (ir 1740, 1770 cm-1) was treated with ca.
250 mlof anhydrous N H3for 6 hr as described for IOu. Work-up
provided 341 mg of crude oily product, which was chromato-
graphed. Sublimation of appropriately combined fractions at
170° (0.01 mm) and recrystallizations from ether-CHCI3 gave
55 mg (18%) of 10t as fine white needles: mp 178-179.5°; ir
3500, 3400, 1665, 1610, 1580, 930 cm"1; uv 220 nm (c 6230),
228 (6670), 282 (2660), 288 s (2350); nmr S 1.4-2.5 (6 H com-
plex), 2.5-3.5 (3 H complex), 3.75 (3 H s), 3.95 (4 H s), 5.1

(2Hs, broad), 6.6-6.9 (2H m), 7.05 (IHd,J = 8Hz).
Anal. Calcd for CiH2iINO4: C, 67.31; H, 6.98; mol wt,
303. Found: C,67.20; H.7.01; molwt (mass spectrum), 303.

Unsaturated Nitrile Ilu.— To a stirred solution of unsaturated
carboxamide IOu (150 mg, 0.5 mmol) and dry pyridine (2.43 ml,
30 mmol) in 115 ml of dry THF under N2 was added 0.55 ml
(7.5 mmol) of SOCI2by syringe. The mixture was refluxed for 5
hr and cooled in an ice bath, and excess SOC12was decomposed
with aqueous NaOH. The extraction residue was chromato-
graphed and appropriately combined fractions were sublimed
at 175° (0.01 mm) and recrystallized from ether-CHCI3to give
91 mg (64%) of Ilu as white needles: mp 149.5-151°; ir (CC14)
2230, 1610,940 cm-1,no C =0 absorption; uv 212 nm (¢20,400),
261 (20,200), 298 (5650), 305 (5110); nmr S 1.85 (1 H d, J =
13Hz),25(1Hd,J = 13Hz),2.5-29 2H m), 29 (IHd,J =
155 Hz),34 (1 Hd, J = 155 Hz), 3.8 (3 H s), 4.05 (4 H m),
595 (lLHt,/ = 4Hz), 6.65-7.0 2 Hm), 735 1 Hd,/ = 9
Hz).

Anal. cCalcd for CitTHIN 03:
71.83; H, 6.04.

Cis Nitrile 11c.— By the procedure described in detail above
for llu, cis carboxamide 10c (152 mg, 0.50 mmol) was dehy-
drated over 5 hr. The crude oily product was chromatographed
and appropriate fractions were combined, recrystallized from
pentane-ether, sublimed at 175° (0.01 mm), and recrystallized
from ether to give 51 mg (36%) of 1llc as white shiny plates:
mp 82-83°; ir (CC14) 2230, 1610, 935 cm-1,no C =0 absorption;
uv 229 nm (e8420), 281 (2620), 288 s (2410); nmr S1.3-2.5 (6 H
complex), 29 (1 Hd,J = 155 Hz), 3.3 1 Hd,J = 155 Hz),
345 1 H ¢t / = 4Hz), 375 (3 Hs), 395 (4 H m), 6.6-6.85
(2HmM), 70 @AHd,/ = 9H2z).

Anal. cCalcd for CiTHIN 03:
71.53; H, 6.69.

Trans Nitrile lit.— By the procedure described above for llu,
trans carboxamide IOt (238 mg, 0.786 mmol) was dehydrated
over 8 hr and the crude oily product was chromatographed. Ap-
propriately combined fractions were sublimed at 180° (0.01 mm)
and recrystallized from ether-CHCI3to give 126 mg (56% ) of lit
as white crystals: mp 144-145°; ir 2230, 1615, 1585, 950 cm -1,
no C =0 absorption; uv 229 nm (e 7840), 283 (2pl0), 289 s

C,72.07; H,6.05. Found: C,

C,7156; H,6.71. Found: C,

(2280); nmr S 1.5-2.8 (7 H complex), 2.8 (L H d, J = 15 Hz),
32 (IHd,J= 15Hz),3.75 (3H s),4.0 (4H m), 6.6-6.9 (2Hm),
71 (1Hd,/ = 8Hz).

Anal. cCalcd for CitHuN03: C, 71.56; H,6.71. Found: C,

71.62; H, 6.70.

Unsaturated Methyl Ketone 12u.—Dry DMSO (3 ml) was
added under N2 to a flask containing 2.0 mmol of NaH (86 mg
of 56% oil dispersion, washed twice with pentane) and the sus-
pension was heated at 65-70° for 45 min with stirring until H2
evolution ceased. The solution was cooled in an ice bath and 3
ml of dry THF was added, followed by unsaturated ester 2u
(330 mg, 1.0 mmol) in dry THF (3 ml). The green solution
was stirred at room temperature for 2 hr under N2; then excess
DMSO anion was decomposed by careful addition of saturated
aqueous Na2S04 (1.0 ml) and the mixture was poured into 500 ml
of water and acidified to ca. pH 4 with saturated aqueous oxalic
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acid. Extraction provided the 0-keto sulfoxide as a brown
viscous oil.

To a stirred solution of the crude /3-keto sulfoxide in 1:10
water-THF (20 ml) was added Al-Hg prepared by dipping strips
of Al foil (270 mg, 10 mg-atoms) into 2% aqueous HgCl2for ca. 1
min, then washing the strips in absolute EtOH, rinsing them in
anhydrous ether, and cutting them into small rectangles directly
into the reaction flask. The mixture was stirred at reflux for 2
hr under N2, during which time gas was evolved, then cooled
and filtered through Celite; the residue was washed thoroughly
with 1:10 water-THF. The filtrate was concentrated to 5 ml,
diluted with 50 ml of water, and extracted three times with ether;
the extracts were combined and concentrated and the residual
oil was passed in ether through a short column of Florisil. The
eluate was concentrated and crystallized on standing; the crys-
talline material was sublimed at 170° (0.01 mm) and recrystallized
from hexane-ether to give 110 mg (37%) of 12u as white prisms:
mp 123-125°; ir 1700, 1610, 1585, 1350, 935 cm-1; uv 261 nm (e
18,500), 301 (4140), 309 s (3660); nmr S1.75 (1 H d, J = 13
Hz), 20 3 H s), 255 2 Ht,J = ca.4Hz),28 (1Hd,J =
13 Hz), 3.0 (1 Hd,J = 17 Hz), 3.1 (1 H d,/ = 17 Hz), 3.75
3Hs),39 (4HmM), 595 (1 Ht / = 4Hz), 6.65-6.9 (2 H m),
74 (LHd,J = 9Hz).

Anal. cCalcd for CisH204:
71.82; H, 6.73.

cis-Methyl Ketone 12c.— By the procedure described in detail
above for 12u, as-methyl ester 3¢ (500 mg, 1.58 mmol) was
converted to the /3-keto sulfoxide, which was reductively cleaved
with Al-Hg to give a crude oily product. This material was
passed in 1:1 ether-CH2CI2 through a short column of Florisil
and the eluate was concentrated and crystallized from ether-
pentane. The crystalline material was sublimed at 170° (0.01
mm) and recrystallized from ether-pentane to give 102 mg
(21%) of 12c as fine white needles: mp 114-116°; ir 1700,
1610, 1585, 1350, 925 cm-1; uv 218 nm (« 8340), 227 (6110),
282 (2780), 288 s (2450); nmr S 1.15-2.35 (6 H complex), 2.2
(83H s),2.7(1Hd,J = 15Hz), 285 (1 Hd,/ = 15Hz), 3.65
(Hm), 3.75 (3H s),3.85(4Hs), 6.6-6.85 (2H m), 7.05 (1 H d,
J = 9Hz).

Anal. cCalcd for CcigH 20 4
71.71; H, 7.41.

irans-Methyl Ketone 12t.— Unsaturated methyl ketone 12u
(173 mg, 0.563 mmol) was hydrogenated with stirring at room

C, 71.98; H, 6.71. Found: C,

C, 71.50; H, 7.33. Found: C,

.temperature and atmospheric pressure over 31.3 mg of 5% Pd/C

catalyst in 9.2 ml of 2-methoxyethanol. After 2 hr the reaction
mixture was filtered and concentrated under vacuum to give
crystalline material which was recrystallized three times from
anhydrous ether yielding 95.2 mg (56% ) of 12t as white needles:
mp 130-131°; ir 1700, 1620, 1590, 950 cm "1, uv 219 nm (e
7300), 228 (7260), 283 (3020), 290 s (2570); nmr 5of 1.5-3.1
(9 H complex), 2.0 (3 H s), 3.7 3H s), 3.9 (4 H m), 6.55-6.85
(2Hm), 7.0(1 Hd,J = 9 H2z).

Anal. cCalcd for Ci8H204. C, 71.50; H, 7.33. Found: C,
71.72; H, 7.39.
lodoform Cleavage® of irans-Methyl Ketone 12t.— trans-

Methyl ketone 12t (60.4 mg, 0.20 mmol) was dissolved in 10 m| of
dioxane and heated to 60° under Nj. A 10% NaOH solution
(1.0 ml) was added, followed by slow addition of a solution of
2.0 gof KI and 1.0 g of 12in 8.0 ml of water until a deep brown
color persisted (ca. 2.1 ml required). Just enough 10% aqueous
NaOH was then added to decolorize the solution and the mixture
was heated at 80° for 8 hr under N2. When the cooled solution
was poured into 25 ml of water an immediate yellow precipitate
formed and was removed by filtration and recrystallized from
absolute EtOH to give 59 mg (75%) of CHI3, mp 117-119° (lit.5
mp 119-121°). The aqueous filtrate was acidified to pH 3-4 with
saturated aqueous oxalic acid and extracted to give material
which was crystallized from ether, providing 39 mg (64% ) of 7t as
white shiny plates, mp 198-200°; all spectral data are identical
with those of trans carboxylic acid 7t and a mixture melting point
with authentic 7t was undepressed.

irans-9a-Methyl Compound.— To a solution of trans carboxal-
dehyde 5t (400 mg, 1.39 mmol) in 10 ml of triethylene glycol
was added 85% hydrazine monohydrate (4.0 ml) and the mix-
ture was heated at 110-115° for 1 hr under N2. The condenser
was then removed and 2.0 g (36 mmol) of KOH was cautiously
added to the mixture, which was heated to 190° and the con-
denser and N 2source were reconnected. The temperature was
maintained at 190-200° for 2.5 hr, after which the cooled mix-
ture was dissolved in 50 ml of water and the pH was adjusted to 8
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with saturated aqueous oxalic acid. The aqueous solution was
extracted to give 184 mg of crude oily product, which was passed
in ether through a short column of Florisil. Sublimation at
65-70° (0.01 mm) and recrystallizations from pentane yielded
99 mg (26%) of white crystals: mp 54-55°; ir 1610, 1580,
1350, 925 cm-1, no C =0 absorption; uv 219 nm (e 6960), 228
(7550), 282 (2720), 288 s (2360); nmr 50.85 (3 H s), 1.1-2.85
(9 H complex), 3.75 (3 H s), 39 (4 H m), 6.5-7.1 (3 Il com-
plex).

Anal. cCalcd for CIH203:
74.41; H, 8.16.

c(s-9a-Methyl Compound.— Potassium amide was prepared
by addition of 39 mg (1.0 mg-atom) of K to 15 ml of anhydrous
N 113 containing ca. 1 mg of FeCl3in a flask equipped with a Dry
Ice condenser. The suspension was stirred for 30 min, during
which time the color changed from blue to gray-black; to this
was added a solution of 50 mg of (rans-methyl compound (0.183
mmol) in 5 ml of dry THF. The mixture was refluxed for 4 hr
and worked up by addition of excess solid NH,C!1. The usual
work-up provided 48 mg of crude oily product, which was chro-
matographed. Appropriately combined fractions were sublimed
at 90° (0.01 mm) and recrystallized from pentane to give 25
mg (50%) of white needles; mp 93-94°; ir 1610, 1585, 1355 m,
925 cm-1,no C =0 absorption; uv 220 s nm (e 7570), 228 (7850),
282 (2780), 228 s (2440); nmr 51.1-2.9 (9 H complex), 1.25
(311s),37 (31ls), 38 ((4Hm),6.45-6.65 (2H m), 6.9 (111d,
J = 8.5 Hz).

Anal. Calcd for c 111220 3:
74.34; 11,8.17.

p-Toluenesulfonate Ester of Unsaturated Alcohol 4u.—To a
cold solution of unsaturated alcohol 4u (1.0 g, 3.47 mmol) in
dry pyridine (10 ml) was added p-toluenesulfonyl chloride (820
mg, 4.31 mmol) and the flask was flushed with N2and stoppered;
the mixture was stirred for 4-5 hr at 0° and then at room tem-
perature for 24 hr. The mixture was recooled to 0° and neu-
tralized with dilute aqueous HC1. Extraction of the diluted
mixture provided material which was crystallized from ether to

C, 74.42; H, 8.08. Found: C,

C, 74.42; 11, 8.08. Found: C,

Newman and Chen

give 563 mg (37%) of tan solid, mp 109-112°, ir 1350 cm-1,
no OH absorption in the 3600-3200 cm -1 region.

The p-toluenesulfonate ester of cis alcohol 4c and its prepara-
tion have been described previously.4

Methanesulfonate Ester of Cis Alcohol 4c.— To a stirred, ice-
cold solution of cis alcohol 4c (1.5 g, 5.28 mmol) in dry pyridine
(10 ml) was added freshly distilled methanesulfonyl chloride
(0.63 ml, 7.0 mmol) and the flask was flushed with N2 and stop-
pered; the solution was stirred for 4-5 hr in an ice bath at 0°
and then at room temperature for 32 hr. The mixture was re-
cooled to 0° and neutralized with dilute aqueous HC1. Extraction
of the diluted solution gave a viscous yellow oil, which failed
to crystallize from a variety of solvents: ir 1370, 1350 cm-1,
no OH absorption in the 3600-3200 cm -1 region.

Registry No.—4c (methanesulfonate), 33885-17-5;
4u (tosylate), 33885-18-6; 5c, 13673-64-8; 5t, 33885-
20-0; 5u, 33885-21-1; sc, 33885-22-2; &t, 33885-23-3;
6 U, 33885-24-4; 7t, 33872-69-4; cfs-9a-methyl com-

pound, 33885-25-5; ;ra?is-9a-methyl compound,
33S85-26-6; 10c, 33885-27-7; 10,
33885-29-9; 1ic, 33885-30-2; lit,
33885-32-4; 12c, 33885-33-5; 12t,

33885-35-7.
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rac-7-Methylhexahelicene (3) is brominated to the bromomethyl derivative 4 which on treatment with tri-

methylphosphine is converted into the racemic quaternary phosphonium bromide 5.

By salt formation with

silver d(—phydrogendibenzoyltartrate and recrystallization of same, a pure diastereoisomeric salt (—)-6 +-d (—)-

H DBT"' isisolated and converted into (—)-5 by treatment with tetraethylammonium bromide.
line treatment of (—)-6 Kn(—)-HDBT_ affords (—)-3.

Aqueous alka-

All steps proceed in high yield. The above reactions

provide a new method of resolution for methyl derivatives of dissymétrie aromatic hydrocarbons.

When the work herein reported was started the
absolute configuration of hexahelicene (1)2had not been

2,R= Br

established. Recently, the assignment of the left-
handed helix (—)-1, as shown in the formula, has been
established by X-ray analysis of (—)-2-bromohexa-
helicene (2).3

(1) Postdoctoral fellow supported by Grant G12445X of the National
Science Foundation.

(2) M.S. Newman and D. Lednicer, 3. Amer. Chem. Soc., 78, 4765 (1956).

(3) D. A. Lightner, D. T. Hefelfinger, G. W. Frank, T. \V. Powers, and
K. N. Trueblood, Nature {London), 232, 124 (1971). Further literature
references to other related work are given in this paper.

Because of the difficulty experienced in resolution of
hexaheliceneZ4 by the use of a-(2,4,5,7-tetranitro-9-
fluorenylidenaminooxy)propionic acid (TAPA),5 a
new method for the resolution of a helicene was sought
which would involve a compound whose absolute con-
figuration could be established by X-ray crystal-
lographic methods. This method has been discovered
and is described herein. However, since the problem
of the helicenes has been solved3 the X-ray work has
not been carried out. Our method is outlined in Chart
1.6

Bromination of 7-methylhexahelicene (3)7 to 7-

(4) M. S. Newman, R. S. Darlak, and L. Tsai, 3. Amer. Chem. Soc., 89,
6191 (1967).

(5) M.S. Newman and W. B. Lutz, ibid., 78, 2469 (1956).

(6) Ag+D(-)-HDBT" is silver d (—)-hvdrogendibenzoyltartrate, a com-
pound first used for resolution of an asymmetric tetracovalent phosphorus
compound by D. M. Coyne, W. E. McEwen, and C. A. VanderWerf, J.
Amer. Chem. Soc., 78, 3061 (1956). Both the da(—)- and L(+ )-dibenzoyl-
tartaric acids can be obtained from the Norse Laboratories, Inc., Santa
Barbara, Calif. 93103.

(7) 7-Methylhexahelicene was first prepared here (unpublished work)
by Dr. David J. Collins in 1959.

33885-25-8;10u
33885-31-3;llu
33885-34-6;12u



7-Methylhexahelicene

Chart |
NBS (CHa)jP
RCH3— » RCIRB r-—— > RCH® +(CH3)38r-
(+)-3 (xH (x)-5
NaOH

(->-5—>(->3
Ag+D(-)-HDBT-'
I (CTHs"NBr

(- )-6+<D (- )-HDBT- -<— RCHP +(CH3)3md(- )-HDBT ~
(+)-6 +-d(-)-HDBT-

(—)-6+-d(—-HDBT~

hexahelicylmethyl bromide (4)8 was accomplished in
good yield with iV-bromosuccinimide. Treatment of 4
with trimethylphosphine afforded the beautifully
crystalline phosphonium salt 5 in almost quantitative
yield. On reaction of 5 with silver d(—)-hydrogen-
dibenzoyltartrate in methanol a high yield of a mixture
of diastereoisomeric a(—)-HDBT salts (6) was ob-
tained. On one crystallization from ethanol-I-pro-
panol about 50% of the theoretical amount of the
(—)6+-d(—)-HDBT~ isomer separated. Further re-
crystallization did not appreciably improve the specific
rotation. On refluxing (—)-6+-d(—)-HDBT~ in
methanol with tetraethylammonium bromide conver-
sion to (—)-5 was obtained in over 90% yield. This salt
was readily crystallized from methanol-ether to yield
crystals which seemed suitable for X-ray studies.
Finally, on treatment of (—)-5 with aqueous sodium
hydroxide at room temperature (—)-3 was obtained in
high yield.9 We assume that (—)-3 and (—)-5 exist
as left-handed helices, as established for (—)-1, because
of the similarity of the negative Cotton effect observed
in the regions examined.3

This method of resolution is of special interest be-
cause a quaternary phosphonium compound 5, in
which the dissymmetry is not centered on phosphorus,
has successfully been resolved. In addition, the ease of
crystallization and separation of the diastereoisomeric
phosphonium salts makes the resolution relatively
simple.

Experimental Sectionl0

(£)-7-Methylhexahelicene (3).7~— A Grignard reagent was
prepared by treating 1.67 g of magnesium in 50 ml of ether with
9.8 g of methyl iodide. After all of the magnesium had reacted
300 ml of benzene was added and the ether was largely removed
by distillation. To this reagent was added a solution of 20 g of
7,8,8a,9,10,16c-hexahydro-7-oxohexahelicene4 in 500 ml of
benzene. After being refluxed for 26 hr the mixture was worked
up as usual. Chromatography over silica gel in benzene yielded

(8) The bromination of 3 was done here by Dr. R. A. Darlak in 1965.

(9) For analogous reactions, see A. J. Kirby and S. G. Warren, “The
Organic Chemistry of Phosphorus,” Elsevier, New York, N. Y., 1967, p
254,

(10) Melting points are uncorrected and were determined on a Thomas-
Hoover capillary melting point apparatus. A melting point block was used
for those above 280°. Infrared were obtained on a Perkin-Elmer Infracord
Model 137 spectrophotometer in KBr pellets. Nuclear magnetic resonance
spectra were determined on a Varian 60 high-resolution spectrometer using
TMS as an internal standard. The mass spectra were determined by use
of the direct inlet system on an AEI MS-902 double-focusing mass spectrom-
eter. Optical rotations were measured on a Perkin-Elmer Model 141
Polarimeter (accurate to 0.001°) using a 10-cm Micro-cell with inner glass
tube diameter of 3.4 mm and a cell volume of 1 ml. In a typical rotation
determination, the sample was weighed on a Cahn Electro-Balance (accurate
to 0.001 mg), dissolved in a suitable solvent in a 2-ml Kimax volumetric
flask, and 1 ml of the prepared solution of known concentration was trans-
ferred into the Micro-cell for immediate measuring in the instrument. Mea-
suring accuracy with micro cells is claimed to be approximately +0.2% for
rotations >1° by the manufacturer. Elemental microanalyses were de-
termined by Galbraith Laboratories, Knoxville, Tenn.
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14.0 g of a first fraction from which a light yellow solid, presum-
ably the expected olefin, mp 192-197°, could be crystallized. In
addition, a second fraction from which 2.0 g of starting ketone
could be crystallized and 1.4 g of a third fraction, presumably the
tertiary alcohol, were obtained. The crude olefin (9.2 g) was
aromatized as described4 for the preparation of hexahelicene to
yield 3.87 g (42%) of (x)-3, mp 192-194°. By chromatography
and recrystallization from benzene-Skellysolve F, acetone, and
benzene there was obtained the analytical sample, mp 198.0-

198.5°. For further work, material of mp 192-194° was
used.

Anal. calcd for C2H18 C, 94.6; H, 5.2. Found: C,
94.7; H, 5.3.

(x)-7-Hexahelicylmethyl Bromide (4).8— A solution of 0.613 g
of -V-bromosuccinimide and 1.00 g of 3 in 10 ml of carbon tetra-
chloride was refluxed for 12 hr after the addition of a few crystals
of benzoyl peroxide. On cooling the succinimide was removed by
filtration and the filtrate was evaporated to dryness. Re-
crystallization of the residue from benzene-Skellysolve B yielded
0.99 g (78%) of 4, mp 207-210°, suitable for further work. The
analytical sample, mp 213-215°, was obtained by further re-
crystallization from the same solvent.

Anal. cCalcd for C2HnBr: C,
Found: C, 77.2; 11, 4.2; Br, 19.1.

In alarger run (2.38 gof 3) the yield of4 was 70%.

(x)-7-Hexahelicylmethyltrimethylphosphonium Bromide (5).
— To a solution of 1.00 g of 4 in 20 ml of ether and 20 ml of
benzene in a three-necked flask under nitrogen equipped with a
Dry lIce cooled condenser, septa, and magnetic stirrer was added
about 1.5 ml of Dry Ice cooled trimethylphosphine (caution,
toxicity) from a syringe. Solid 5 precipitated immediately.
The mixture was stirred overnight (with water condenser instead
of Dry Ice condenser) and then heated to reflux for 4 hr. The
yellow solid was collected by filtration and the cooled mixture
was washed with dry benzene. After drying in vacuo the solid
was dissolved in 100 ml of hot methanol and the solution was
concentrated to ca. 30 ml. On cooling 1.105 g (93%) of 5,
mp ca. 350° dec after darkening at 335°, nmr [CD3OD-(CD 3)2
SO, 1:1] S(TMS) 2.0 [9H, d,/ = 145 Hz, P(CH33, 4.59 (2

77.1;, H, 4.1, Br, 19.0.

H,d,J = 175 Hz, -CH2P), 6.3-8.8 (15 H, m, ArH), was ob-
tained suitable for further use.

Anal. cCalcd for CIH2BrP: C, 72.4; H, 5.2; Br, 16.1; P,
6.2. Found: C,72.3; H,5.3; Br, 15.9; P, 6.0.

The phosphonium bromide 5 slowly absorbs moisture on stand-
ing. As a result, marked solubility differences were observed
during the recrystallization process. The presence of moisture,
as revealed by the strong O-H stretching absorption in the ir
spectrum, was gradually removed by heating.

(—)-7-Hexahelicylmethyltrimethylphosphonium d(—)-Hydro-
gendibenzoyltartrate [(—)-6+<«d(—)-HDBT-)].— To a solution
at room temperature (previously warmed to effect solution) of

I. 004 gof5in50 mlof methanol was added 0.951 g of silver d (—)-

hydrogendibenzoyltartrate preparedé from d(—)-dibenzoyl-
tartaric acid, [«]2d —111°. The heterogeneous mixture was
magnetically stirred at ambient temperature for 17 hr in the
dark. After addition of 15 ml of methanol the yellow suspension
was heated to reflux for 72 hr. The silver bromide (89%) was
collected by filtration and washed well with methanol. The
filtrate was evaporated to dryness and the residue was stirred for
1 hr with 125 ml of distilled water. The solid was collected,
washed with water, and dried in vacuo over P2 5to yield 1.353 g
(87%) of (+)-6+-d(-)-HDBT-: mp 158-159° dec; ir 3500
(OH), 1730 cm*“1(s) (C=0); nmr (CDD) S(TMS) 1.85 [9
H,d,J = 145Hz, P(CH33,4.37 (2H,d,J = 16 Hz, -CH 2P),
6.05 (2 H, s, methine H of HDBT), 6.3-S.4 [256 H, m, (Ar H,
CJT)]. The acidic proton was not observed because of ex-
change with the deuterated solvent. Recrystallization of the
crude salt from 70 ml of ethanol-lI-propanol (1:1) yielded 402
mg of (—)-6+-d(—)-HDBT~ as yellow crystals, mp 157.5-
158.5° dec, after 12 hr. The specific rotations were obtained at
the wavelengths indicated1 from 0.574 mg of salt in 2 ml of
absolute methanol: —1105° (589 m/i), —11S1° (578), —1457°
(546), -4231° (436), and 0° (365). After two further recrystal-
lizations from ethanol, 136 mg of (—)-6+-d(—)-HDBT~ was
obtained which gave the following specific rotations from a solu-
tion of 0.128 mg in 2 ml of methanol: —1109° (589), —1297°
(578), -1625° (546), -4672° (436), and 0° (365). Hence we
believe that almost completely resolved material was obtained in
the first crystallization. The crystals from the first crop evi-
dently retained one molecule each of ethanol and 1-propanol as
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judged by the analysis. Such inclusion of solvent is not uncom-
mon with phosphonium salts.ll

Anal. Calcd for C<~ll-{O0.P®0-1b()mC31*0" C, /2.5; H,
6.0; P, 3.5. Found: C,725; H,5.7; P, 3.4.

(—)-7-Hexahelicylmethyltrimethylphosphonium Bromide (5).
— A solution of 120 mg of (—)-6+-d(—)-HDBT_ ([a]ZD
—1109°) and 3.5 g of tetraethylammonium bromide in 18 ml of
methanol was refluxed for 48 hr and allowed to stir at room
temperature for 72 hr. The methanol was removed under re-
duced pressure and the residue was stirred with 40 ml of water for
12 hr. The solid was collected by filtration, washed with water,
and dried in vacuo over P2 5. Crystallization from methanol af-
forded 72.9 mg (95%) of (—)-5, mp ca. 354° dec. The infrared
spectrum was identical with that of (%)-5. The following
specific rotations were obtained at 23° from a solution of 0.400
mg in 2 ml of methanol: —1930° (589 mju), —2070° (578),

(11) M. Davis and F. G. Mann, J. chem. Soc., 3770 (1964); C. H. Chen

and K. D. Berlin, 3. org. chem., 36, 2791 (1971).

W eigert

—2559° (546), —7563° (436), and 0° (365). Further recrystal-
lization from methanol did not change the rotation significantly.

(—)-7-Methylhexahelicene (3).— A solution of 20 mg of (—)-5
([a] 2d —1881°) was stirred with 5 ml of 10% sodium hydroxide
atambient temperature for 24 hr. The yellow solid was collected
by filtration and washed well with water. After drying in
vacuo over P20 5 there was obtained 12.6 mg (92%) of (—)-3,
mp 175-180°. One recrystallization from 2-propanol yielded
10.5 mg of (—)-3, mp 185-186°, with the following specific rota-
tions (from 0.356 mg in 2 ml of chloroform): —3157° (589 m/0,
-3399° (578), -4185° (546), -12,332° (436), and +219°
(365). The structure of (—)-3 was established by comparison
with that of (£)-3 with respect to ir and mass spectrum (M +,
342).

Registry No.—(#)-3,33835-50-6; (—)-3,33835-51-7;
(£)-4, 33872-33-2; (#)-5, 33835-52-8; (-)-5, 33835-
53-9; (£)-6+-d(-)-HDBT-, 33835-54-0; (~)-6+-
d(-)-HDBT% 33835-55-1.
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The preferred conformations of 1,1,1-trifluoroacetone hydrazone and azine have the substituent anti to the

trifluoromethyl group.

The assignments are based on the stereospecificity of six-bond, proton-fluorine coupling

in selected Ar,A’-dirnethyl derivatives and correlations of the fluorine chemical shifts of syn and anti trifluoro-

methyl groups in hexafluoroacetone imine derivatives.

cator of stereochemistry.

The preferred conformations of unsymmetrical
imines, hydrazones, oximes, azines, etc., are of con-
tinuing interest.l A related problem in symmetrical
derivatives is the correct spectral identification of the
syn and anti groups.2 For those classes of compounds
1 where Ri and R2 are hydrocarbon, steric arguments
suffice to predict conformation.'34

X

Ri
1, X = H, CH3 NH2OH, F...
la, R,= CF3 R, = CH,, X= NH2

Trifluoroacetone hydrazone5 (Ia) and trifluoroacetone
azine have single conformations in solution. Although
steric arguments predict that the trifluoromethyl and
the substituent should be anti,6 dipole interactions be-
tween electronegative substituents may stabilize the
syn form.7 The purpose of this study is to determine

(1) G. J. Karabatsos, J. D. Graham, and F. M. Vane, 3. Amer. Chem.
Soc., 84, 753 (1962); G. J. Karabatsos, F. M. Vane, R. A. Taller, and N.
Hsi, ibid., 86, 3351 (1964).

(2) For the use of the new Eu chelates to identify oxime conformations see
Z. W. Wolkowski, Tetrahedron Lett.,, 825 (1971); K. D. Berlin and S. Ren-
garaju, 3. org. Chem., 36, 2912 (1971).

(3) E. Arnal, J. Elguero, R. Jacquier, C. Marzin, and J. Wylde, Bull.
Chem. Soc. Fr., 877 (1965); J. Elguero, R. Jacquier, and C. Marzin, ibid.,
713 (1968).

(4) Yu. P. Kitaev, B. I. Buzykin, and T. V. Troepol'skaya, Russ. Chem.
Rev., 441 (1970).

(5) R. A. Sheppard and P. L. Sciaraffa, 3. org. Chem., 31, 964 (1966).

(6) R. Filler in “Advances in Fluorine Chemistry,” Vol. 6, J. C. Tatlow,
R. D. Peacock, and H. H. Hyman, Ed., Chemical Rubber Publishing Co.,
Cleveland, Ohio, 1970.

(7) H. G. Viehe, chem. Ber., 93, 1697 (1960); R. E. Wood and D. P.
Stevenson, J. Amer. Chem. Soc., 63, 1650 (1941).

Allylic proton-fluorine coupling is not a reliable indi-

the conformation of trifluoroacetone imine derivatives.
Results.—No single, simple, physical measurement
unambiguously identifies the conformations of tri-
fluoroacetone imines. Therefore a series of indirect
studies was performed.
Six-Bond, Proton-Fluorine Coupling.—The methyl
protons of enamine 2s couple differently to the cis and

08 Q6
r*C<
84 =N
-CF/ NN(CH32
26
trans-3 4
trans trifluoromethyl groups. A 1.8-Hz, six-bond,

proton-fluorine coupling was observed in the trans-
hexafluorobutyne-dimethylamine adduct 3, but the
coupling in the cis isomer was not mentioned.9 Cou-
plings between all pairs of nuclei in both cis- and
trans-3 have now been observed and include the 0.6-
Hz, six-bond, proton-fluorine coupling in cis-3. Hexa-

(8) Yu. A. Cheburkov, N. Mukhamadaliev, Yu. E. Aronov, and I. L.
Knunyants, 1zv. Akad. Nauk SSSR, Ser. Khim., 1478 (1965).

(9) W. R. Cullen, D. S. Dawson, and G. E. Styan, can. 3. Chem., 43, 3392
(1965).
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fluoroacetone dimethylhydrazone (4) shows similar
stereospecific, six-bond, proton-fluorine coupling. The
two compounds 3 are distinguished by the well-estab-
lished stereospecific, five-bond, fluorine-fluorine cou-
pling.10 The trifluoromethyl assignments for 2 and 4
follow from the six-bond, proton-fluorine coupling and
the fluorine chemical shifts which are discussed below.
No six-bond, proton-fluorine coupling is visible in tri-
fluoroacetone dimethylhydrazone.

Chemical Shifts of Hexafluoroacetone Derivatives.—
Syn and anti trifluoromethyl groups of some HFA
derivatives have been assigned by long-range coupling
considerations. The surest of these is the N-fluoro-
imine 5a, for which the upheld, anti trifluoromethyl

X
y

N
cf3 cf3
5 aX=F d X=N(CR)2
b,X=H e X=NR
c, X=CR

group has a fluorine-fluorine coupling half that of the
downheld syn group.ll Similar arguments based on
proton-fluorine coupling led to identical assignments
for the imine 5b, 1> the IV-methylimine 5c, 12 and now for
the 2V,iV-dimethylhydrazone 5d. Similar assignments
can probably be made for other HFA imine derivatives
and are summarized in Table 1.

Table |

Fluorine Nmk Parameters of Hexafluoroacetone

Imine Derivatives

Chemical Chemical
shift (anti) shift (syn)
X J, Hz) 3, Hz) Ref
H -75.4(0) -73.6(2.5) a
ch3 -71.3(1.8) -65.2(2.5)
nh?2 -66.7 -64.9
OH -67.7 —65.6 a
F -66.8(12) -63.6(24) b
cl -69.1 -67.5 b
Br -70.9 -69.9 a
N (CH 3)2 -63.8 (1.1) -52.1 (2.6)
och3 -67.3 -65.1
.CH3
N = <GB -68.6 -65.1 c
ICF3
N =< -68.7 -65.0 c
cf3
HFA 8 .6 d
° Reference 12. OReference 11. CReference 14. dC. H.

Dungan and J. R. Van Wazer, “Compilation of Reported F19
N MR Chemical Shifts,” Wiley-Interscience, New York, N. Y.,
1970.

While changes in the chemical shifts of the anti tri-
fluoromethyl groups are small, the syn trifluoromethyl
in dimethylhydrazone 5d is shifted downfield 13 ppm
from that in hydrazone 5e. The cis trifluoromethyl
group in enamine 2 is also shifted downfield. The
chemical shifts of the trifluoromethyl groups of tri-
fluoroacetone derivatives, including the W,A-dimethyl-
hydrazone, are relatively insensitive to imine substi-
tution. Thus trifluoroacetone hydrazone is assigned

(10) G. V. D. Tiers, 3. chem. Phys., 35, 2263 (1961).

(11) J. K. Ruff, 3. org. chem., 32, 1675 (1967).
(12) W. J. Middleton and C. G. Krespan, J. Org. chem., 30, 1398 (1965).
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Table 11

Fluorine Chemical Shifts of Trifluoroacetone

Imine Derivatives

X Chemical shift, ppm
NH, -71.4
OH -72.1
N (CH 3)2 -72.1
,cf3
N=<. -73.5
ch3
TFA* -82.6

° C. H. Dungan and J. R. Van Wazer, “Compilation of Re-
ported F'9 NMR Chemical Shifts,” Wiley-Interscience, New
York, N. Y., 1970.

the conformation with the amino group anti to the tri-
fluoromethyl group. See Table II.

Discussion

Burtonl3 observed that cis four-bond, proton-fluo-
rine coupling in the hydrogen chloride adducts of hexa-
fluorobutyne was larger than trans coupling. This cor-
relation has been used to assign the configuration of
some HFA imines (correctly),2 but in 2 and 3 the
trans four-bond, proton-fluorine coupling is larger than
the cis. Caution should be used in applying four-bond
coupling as a criterion of stereochemistry. Signs of
these couplings are unknown.

Both the benzaldehyde 6a and isobutyraldéhyde 6b

cf3

N N CF,

\ a

N yH
X

6a, X = QR
b, X = CH(CR)2

azines of HFA show stereospecific, six-bond, proton-
fluorine coupling between the aldehyde proton and the
syn trifluoromethyl group.l4 What part through space
interactions in cisoid conformations play in determining
the stereospecificity of the couplings is unknown. Un-
less both cis and trans couplings are available, such as
with 3 or HFA derivatives, the structure should not be
based on six-bond coupling. Six-bond couplings in
hexafluoroacetone oxime O-methyl ether (7)12 and in
the methanol adduct with hexafiuorobutyne 81 are not
observable.

V H cp3
/= NV
/ OCH3 CF3 OCR

Experimental Section

Proton nmr spectra were determined on a Varian A-60 and
fluorine nmr spectra on a Varian A56/60. The preparation of
la has been described previously.5 The mixture 3 was prepared
by bubbling dimethylamine through a trichlorofluoromethane
solution of hexafiuorobutyne until no further exotherm was
observed.9 Examination of the crude product verified the
presence of both isomers; distillation gave only the trans isomer.

(13) D. J. Burton, R. L. Johnson, and R. T. Bogan, can. J. Chem., 44,
635 (1966).

(14) F. J. Weigert, submitted for publication in J. Fluorine Chem.

(15) E. K. Raunio and T. G. Frey, J. org. Cchem., 36, 345 (1971).
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Several weeks at room temperature were required for the re-
equilibration.

Hexafluoroacetone Dimethylhydrazone (4).—2,2,2-Trifluoro-
I-(trifluoromethyl)ethylidenimine (11 ml) was bubbled into a
chilled solution of 6.0 g of iV,iV-dimethylhydrazine in 25 ml of
ether. After the addition was complete, the solution was warmed
to room temperature and poured onto 30 g of phosphorus pen-
toxide.

Distillation gave only a trace of the desired hydrazone. The
product was purified by gas chromatography on a 6 ft X 0.25 in.
column of 20% silicone #200 on 60/80 Chromo “W.” At 50°
and 10 cc/min the retention time was 50 min; pmr (CC14) S3.24
(g,/ = 12,9,/ = 2.4Hz).

Anal. Calcd for CoH& &2 mol wt, 208.0434.
mol wt, 208.0429 (high-resolution mass spectrum).

I-[I-(Trifluoromethyl)ethylidenehydrazono]-I-(trifluorometh-
yl)ethane.— To a stirred solution of 25 g of trifluoroaeetone
in 200 ml of ether at —30° was added dropwise 25 g of anhydrous
hydrazine. An extremely exothermic reaction occurred. The
solution was allowed to warm to room temperature and phos-
phorus pentoxide was added until further addition produced no
change. The solution was distilled through a spinning-band
column, giving 10 g of product as a pale yellow liquid: bp 58-

Found:

Lowry and Huitric

62° (180 mm); 19 nmr (CCl<) S —73.48 (s); pmr S 1.5 (s);
ir(CCh)7.5,8.3,8.7, and 9.0m-

Anal. cCalcd for ceHd&6N2: C, 32.8; H, 2.8.
C, 32.8; H, 3.0.

Trifluoroaeetone Dimethylhydrazone.—To a solution of 11.2 g
of trifluoroaeetone in 25 ml of ether at —20° was added dropwise
with stirring under nitrogen 6 gof AVV-dimethylhydrazine. The
solution was stirred for 1 hr at room temperature after the addi-
tion was complete. Phosphorus pentoxide was added until no
further exotherm was observed. The liquid was distilled
through a small spinning-band column, giving 2.5 g of product
as a colorless liquid: bp 100-103°; ir (CCi<) 3.3, 3.45, 6.8,
6.9, 7.4, 8.3, 9.0, 9.8, 10.4, and 14.4 /;; pmr 52.00 (s, CCH3),
2.67 (s, NCH3).

Anal. calcd for CH¥E N2 mol wt, 154.0718.
molwt, 154.0717 (high-resolution mass spectrum).

Found:

Found:

Registry No.—la (X = NH2, 34226-09-0; Ila
(X = OH), 34226-10-3; la [X = N(CH32Z], 34226-
11-4; la [X = N=C(CH3CF3], 34226-12-5; cis-3,
4639-94-5; trans-3, 4592-87-4; 4, 34224-15-2.

7,8,9-Trimethoxy-4a,10b-trans- and

-4a,10b-cis-1,2,3,4,4a,5,6,10b-octahydrophenanthridines.

Configurational and

Conformational Changes in Epimerization of N-Substituted Derivativesl

Betty R. Lowry and Alain C. Hijitric*

College of Pharmacy, University of Washington, Seattle, Washington 98105

Received, October 6, 1971

Proton exchange and epimerization of salts of N-substituted 7,8,9-trimethoxy-4a,10b-frans- and -4a.,10b-cfs-

1,2,3,4,4a,5,6,10b-octahydrophenanthridines were studied by nmr.

The hydrochloride salts of the iV-methyl

derivatives of the trans and cis isomers each crystallize to give only one epimeric form, 5a and 6a, respectively.
In formic acid proton exchange and equilibration of epimers are relatively slow processes and the equilibration

is catalyzed by sodium formate.

hetero rings in chair and half-chair conformations,

orientation and cis to H-4a.
conformations of the six-membered rings.

Crystalline 5a dissolved in formic acid is shown to have the cyclohexane and
respectively, with the JV-methyl group in equatorial
Epimerization of 5a involves an inversion of the nitrogen without any change in
The nmr data for the crystalline cis isomer 6a, in formic acid, indi-

cates chair and half-chair conformations of the two rings, with H-4a having an equatorial orientation relative
to the cyclohexane ring and being axial relative to the hetero ring, with the iV-methyl group equatorial and cis

to H-4a.

Epimerization to 6b is associated with an inversion of conformation of the hetero and cyclohexane
rings; thus the iV-methyl group has an equatorial orientation in both epimers.

Exchange processes were also

investigated to a limited extent in other solvents, including chloroform-d, trifluoroacetic acid, and D2D. The

conformations of the free bases are also discussed.

7,8,9-Trimethoxy-4a,10b-frans- and -4a,10b-cfs-1,2,-
3,4,4a,5,6,10b-octahydrophenanthridines and a number
of N-substituted derivatives have been prepared by
known methods from trans- and cis-2-(3,4,5-trimethoxy-
phenyl)cyclohexylamines2 (I and 2) for pharmacologi-
cal evaluation.

Under conditions of slow proton exchange on the nmr
time scale, the nmr spectra of the salts of the tertiary
amines showed an equilibration between two geometri-
cal isomers. This epimerization was studied more
extensively in the hydrochloride salts of the X-methyl
isomers 5 and s. The hydrochloride salts of 5 and s
each crystallize in a single epimeric form, the form that
is thermodynamically most stable in solution in each
case. The nmr spectra of freshly prepared solutions
of the crystalline salts of S or 6 dissolved in formic acid
show the presence of only one epimer in each case (5a
or s a), followed by a slow appearance of a second minor

(1) This investigation was supported by Grant MH 12204 from the
National Institute of Mental Health, U. S. Public Health Service. The
compounds were submitted to Eli Lilly and Co. for pharmacological evalua-
tion.

(2) W. F. Trager and A. C. Huitric, 3. Pharm. sci., 54, 1552 (1965).

isomer (Bb or sb). The rate of equilibration is en-
hanced by sodium formate. Melts of the salts give the
spectra of the equilibrated systems.

Spectrum A, Figure 1, shows part of the nmr spec-
trum of a solution of the crystalline hydrochloride salt
of 5in 99% formic acid, and spectrum B is that of the
equilibrated system after addition of sodium formate.
Spectrum A indicates the presence of a single epimer.
The most relevant signals are the ALmethyl doublet at
t 6.83 (Jnh—cH3 = 5 Hz) and the signals of the di-
astereotopic hydrogens on C-6 which appear as sets of
doublets of doublet with chemical shifts of r 5.29 and
5.68. The C-6 hydrogen giving the lower field signal
will be referred to as H-6 and the one giving the upper
field signal as H-6'. The signals of H-6 and H-6' yield
the following coupling constants: /66 = 16 Hz,
-inh6 = 4 Hz, and JNh8 = 86 Hz. The difference
of coupling constants between the ammonium proton
and the two diastereotopic C-6 hydrogens is of impor-
tance in the assignment of configuration to epimer 5a
(vide infra). The spectrum of 5a in trifluoroacetic
acid has the same pattern as in formic acid (Table 1)
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Table |

60-MHz Nmr Spectral Data of Hydrochloride Salts

—————————————————————————————— Chemical shifts, ¢ (ppm)-----------------mmom-
H-6'

Solvent Compd H-10 H-6

NCHa NH Aa.i enh ¢
3 (trans) 3.13 ~5.5¢
5a (trans) 3.15 5.29 5.68 6.83 4.0 8.6
equiF 3.15 5.3 “5.7 6.83
HCOOH ) ~5.4 7.02
4 (cis) 3.18 ~5.4
6a (cis) 3.19 5.25 5.74 6.80 4.2 7.2
- 3.19 Complex 6.78
6b } equUI1S 3.07 '
cfXooh 5a 3.19 5.14 5.74 6.80 2.1 3.9 7.4
6a 3.19 5.15 5.73 6.80 2.1 3.8 8.2
3.40 5.5 6.0 7.07 -2.25
cDCh 6b } equil& 3.37 ~5 .75 7.28 -2.72 ~4.0 8.0

“ Near equivalence of H-6 and H-6".

3,R =H 4, R=H

5 R=CH, 6, R= CHi

7.R = Et 9. R = PhCH,

8. R= PhCH, 11, R = HOCH.CH,

10. R = HOCHjCH.

but in addition it allows the detection of the signal of
the ammonium proton as a broad signal at r 2.1.
Decoupling of the ammonium proton by strong irradia-
tion at € 2.1 caused a collapse of the A-methyl doublet
to a singlet at r 6.83 and it reduced the signals of H-6
and H-6' to doublets (Jr,y = 16 Hz), thus confirming
the assigned vicinal CH-NH + coupling.

Spectrum B shows that the signal of the A-methyl
group at t 7.02 is at higher field for the minor epimer
5b and that the chemical shifts of the C-6 hydrogens
are more nearly equivalent, as seen from an enhance-
ment of the signal in the region of r 5.4. There is also
a difference in the chemical shift of the aromatic hydro-
gen H-10 in the two epimers, r 3.15 for 5a and r 3.13
for 5b. The ratio of 5ato 5bis about 2:1 at equilibrium
in formic acid. In the absence of sodium formate the
equilibration required about one month at room tem-
perature. In the presence of 2 equiv of sodium for-
mate the equilibrium was reached in ~4 hr. Regener-
ation of the base from the equilibrated salt gave an nmr
spectrum identical with that of the original base.

In deuterated chloroform, equilibration of the hydro-
chloride salt of 5 was established in less than 4 min,
giving about equal amounts of the two epimers. An
important feature of the spectrum is the presence of two
ammonium proton signals of about equal intensities
but of different widths which, taken together, integrate
for one proton. The downfield signal at r —2.72 has a

bVvalues from equilibrated systems.

Figure 1.—-Nmr spectra (60 MHz) of 5 HC1 in 99% formic
acid; spectrum A is prior to equilibration and B is after equilibra-
tion catalyzed by sodium formate.

width of about 15 Hz at 60 MHz and that at —2.25 is
about 22 Hz wide. Irradiation of each NH+ signal,
in turn, decoupled only one NCH3 doublet at a time,
and showed that the low field NH+ and the high field
A-methyl signals are coupled, and vice versa. Equili-
bration between 5a and 5b in chloroform is fairly fast
on an absolute time scale but still slow on the nmr time
scale. The nmr spectrum of the hydrochloride salt of
5in DD gives only one singlet for the A-methyl signal.
This is indicative that in D2 proton exchange and
nitrogen inversion are fast processes on the nmr time
scale and that the chemical shift of the A-methyl signal
represents the weighted average of the shifts of the two
epimers.

Configuration and Conformation of Salts 5a and 5b. —
In the 4a,10b-trans compounds there is only one
possible half-chair conformation of the hetero ring.
A boat conformation is not ruled out a 'priori, but the
nmr data are consistent with structures in which both
5a and 5b have the cyclohexane and hetero rings in
chair and half-chair conformations, respectively (struc-
tures 5a and 5b), and where epimerization involves an
inversion of the nitrogen with the methyl group occupy-
ing an equatorial position (cis to H-4a) in 5a and an
axial position (trans to H-4a) in 5b. This assignment
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is supported by the observed chemical shifts and split-
ting patterns of the signals of H-6 and H-6', based on
the demonstrated dependency of CH-NH+ spin-spin
coupling constants on dihedral angle in a manner similar
to the coupling between vicinal protons on carbon
atoms.31 The observed coupling constant for 5a
in formic acid of Jsny = 86 Hz and Jnh6 = 4 Hz
are consistent with the NH proton having an axial
orientation and H-6' and H-6 having pseudoaxial
and pseudoequatorial orientations, respectively. The
upheld chemical shift of H-6' is also consistent with this
assignment. For the hydrochloride salt of the corre-
sponding secondary amine (3) under similar conditions,
the chemical shifts of the C-6 hydrogens are nearly
equivalent. The effect of the X-CH 3 bond will be to
shield the C-6 hydrogen having a cis orientation to the
AFmot.hy] group.35 The more nearly equivalent
chemical shifts of H-6 and H-6' in 5b is consistent with
this shielding effect of the IV-methyl group where H-6
is shielded by the IV-methyl group relative to H-6".
The higher field position of the signal of the methyl
group in 5b also supports the assigned structures.
The effect of the magnetic anisotropy of the aromatic
ring will be to deshield the in-plane methyl group in
5a relative to the out-of-plane methyl in 5b. If epimer
5b had a predominance of the boat conformation, the
methyl group would occupy an analogous position rela-
tive to the aromatic ring as in 5a. The assigned struc-
tures are also confirmed by the nonequivalent ammo-
nium proton signals in chloroform. Decoupling experi-
ments showed that the lower field, narrower signal
belongs to epimer 5b. This is consistent with the
assigned structures on the basis of shielding effects of
the aromatic ring and of larger coupling constants in
5a between the axial XH proton with axial H-4a and
pseudoaxial H-6' hydrogens than between the equatorial
XH proton and the same adjacent hydrogens in 5b.
Configuration and Conformation of Salts s a and s b.—
In the 4a,10b-cis compounds there are two possible
half-chair conformations of the hetero ring, each being
associated with a given chair conformation of the

(3) H. Booth and J. H. Little, Tetrahedron, 23, 291 (1967).

(4) (a) J. L. Sudmeier and G. Occupanti, J. Amer. Chem. Soc.. 90, 154
(1968); (b) H. Booth, chem. Commun., 802 (1968); (c) J. I. Legg and
D. W. Cooke, Inorg. Chem., 5, 594 (1966).

(5) 1. P. Hamlow, S. Okuda, and N. Nakagawa, Tetrahedron Lett., 2553
(1964).
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cyclohexane ring. The nmr spectrum of freshly pre-
pared formic acid solution of crystalline hydrochloride
salt of 6 is consistent with a single epimeric form
(structure sa). The spectrum is characterized by well-
defined sets of doublets of doublet for the diastereotopic
hydrogens on C-6 at €5.25 and 5.74, one doublet for the
IV-methyl signal at 6.80, a single signal for H-10 at
3.19, and a fairly narrow envelope (<1.0 ppm) for the
eight methylene protons on carbons 1—1. The coupling
constants associated with H-6 and H-6' are J66 =
16 Hz, «/nh6 ~ 4.2 Hz, and = 7.2 Hz. The
same pattern is obtained in trifluoroacetic acid. The
spectra are consistent with structure sa where the
hetero ring has a half-chair conformation and the am-
monium proton has an axial orientation and is coupled
with pseudoaxial H-6' and pseudoequatorial H-6. The
similarity of the chemical shift of the IV-methyl group
with that of 5a implies an analogous orientation relative
to the aromatic ring. The narrowness of the combined
cyclohexane methylene signals implies that the hydro-
gens on C-l do not fall in the deshielding region of the
aromatic ring as is the case in 5a and 5b where their
signals experience a downfield shift and are centered at
about t 7.4 (Figure 1). Equilibration in formic acid
caused the appearance of a second aromatic H-10 signal
at € 3.07, an increase in the complexity of the H-6 and
H-6' signals, and a broadening of the envelope of the
cyclohexane methylene signals. There was no appear-
ance of a second IV-methyl signal. The ratio of sa to
s b, as obtained from the integration of the H-10 signals
at equilibrium, was about 3:2. The results are consis-
tent with structures sa and sb, each having the chair
and half-chair conformations of the cyclohexane and
hetero ring, respectively. In the thermodynamically
most stable epimer (s a) H-4a has an equatorial orienta-
tion in relationship to the cyclohexane ring and an
axial orientation with respect to the half-chair hetero
ring and the iV-methyl group is equatorial and cis to
H-4a. Epimerization is associated with an inversion
of conformation of the cyclohexane and the hetero ring
to give structure s b where H-4a is axial in relationship
to the cyclohexane ring and equatorial relative to the
half-chair hetero ring and where the IV-methyl group
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is trans to H-4a but still occupies an equatorial orienta-
tion and has the same relative position to the aromatic
ring, thus accounting in part for the identical chemical
shifts of the iV-methyl group in the two epimers. In
6b the equatorial hydrogen on C-l falls close to, and
in the field of deshielding of, the aromatic ring.

Nmr Spectra and Conformation of Bases in the Trans
and Cis Series.—The nmr spectra of the free bases of
the 4a,10b-trans series, measured in deuteriochloroform
and in pyridine, are consistent with structures having
the cyclohexane and hetero rings in chair and half-chair
conformations, respectively, and with a predominance
of the structure where the N substituent occupies an
equatorial orientation. For the secondary amine (3)
the difference in chemical shift of the diastereotopic
hydrogens 6 and 6' is 0.16 ppm in chloroform and 0.20
ppm in pyridine. N-Alkylation brings a difference of
about 0.7 ppm and the increase in nonequivalence is
associated primarily with an upfield shift of the signal
of H-6'. A shielding of the pseudoaxial H-6' is ex-
pected by the A-alkyl bond when the A-alkyl group
occupies an equatorial orientation on the half-chair
hetero ring. This shielding parallels the pattern pro-
duced by alkylation of 4-methylpiperidine.s The gem-
inal coupling J6/ was found to be in the order of 16
Hz for the secondary and tertiary amine of the trans
and cis series with the exception of the A-benzyl
compounds where it was closer to 13 Hz. For com-
pounds 5 and 7 the signal of H-6' appears as doublets
of doublet, J66 = 16 Hz and J = 1.5 Hz. The small
coupling is attributed to long-range coupling by H-4a.
Examples of H-C-N-C-H coupling are known,67 and,
although the proposed geometry does not satisfy the
planar requirement of the W rule in the H-C-C-C-H
system,8the stereochemistry is analogous to that of a
carbocyclic steroid in which long-range coupling has-
been reported through a nonplanar H-C-C-C-H
system.9 In the spectrum of 5 in pyridine the signals
of H-4a and H-10b partially overlap with each other
but centers of individual signals appear to be at about
t 7.4 and 7.6. Irradiation at r 7.4 caused the four-
peak multiplet of H-6' to collapse to a doublet, =
15.6 Hz. No decoupling occurred upon irradiating at
t 7.6. This supports the long-range coupling by H-4a
because in every case where differentiation has been
possible between the signals of H-4a and H-IOb the
former was found to be at lower field. No similar long-
range coupling was observed in any of the cis isomers.

The spectra of the cis isomers show a nonequivalence
of chemical shifts of H-6 and H-6' and an upfield shift
of the signal of H-6" upon N-alkylation similar to what
was seen for the trans compound. In .addition, the
signals of H-4a and H-1Ob in 4 are well separated in both
solvents. In pyridine one signal occurs at t 6.9 as a
fairly narrow signal, Wi/, ~ 7 Hz, and the other as a
wider unresolved multiplet at r 7.5. In the methylated
product 6 the narrow signal has been shifted upfield
and the two signals overlap at about r 7.6, and there
has also been a similar upfield shift of 0.67 ppm of the

(6) D. H. R. Barton, R. H. Hesse, and G. W. Kirby, J. chem. Soc., 6379
(1965).

(7) T. Masamune, S. Ohuchi, S. Shimokawa, and H. Booth, Tetrahedron,
22, 773 (1966).

(8) L. M. Jackman and S. Sternhell, “Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon Press,
Oxford, 1969, p 334.

(9) Y. Osawa and M. Neeman, J. Amer. Chem. Soc., 85, 2856 (1963).
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signal of H-6'. The data suggest that the narrow
signal at r 6.9 is caused by H-4a having a similar rela-
tive position to the A-methyl group as H-6' and that
both these hydrogens are cis to the A-methyl group.
The relative widths of the signal of H-4a and H-IOb
implies a chair conformation of the cyclohexane ring
where H-10b is axial and H-4a is equatorial, for 4 as well
as 6. This conclusion is supported by the narrow range
of the signals of the cyclohexane methylene hydrogens,
which demonstrates the absence of deshielding of
hydrogens on C-l and indicates a structure where the
C-10b-C-lI bond is perpendicular to the plane of the
aromatic ring. The combined data are consistent with
6 having a predominance of the structure in which the
hetero and cyclohexane rings have half-chair and chair
conformations, respectively, where H-4a occupies an
axial orientation with respect to the hetero ring and an
equatorial orientation relative to the cyclohexane ring,
and where the A-methyl group is equatorial and cis to
H-4a. It is interesting to note that this is also the
geometry of the thermodynamically most stable proton-
ated form of 6.

Experimental Section

Melting points were determined on a Kofler hot stage unless
otherwise indicated. The salts in the 7,8,9-trimethoxy-1,2,3,4,-
4a,5,6,10b-octahydrophenanthridine series decomposed on heat-
ing and as a result melting points are a relatively poor criterion
of purity. Most uniform results were obtained by placing
samples on the hot stage within about 5-10° of the melting point.
Owing to heat sensitivity it was also necessary to dry analytical
samples at room temperature. Elemental analyses were per-
formed by Alfred Bernhardt, Mulheim, Germany, and Huffman
Laboratories, Wheatridge, Colo. Nmr spectra were recorded on
Varian A-60 or Varian T-60 spectrometers operating at 33-35°
with tetramethylsilane internal reference. Equilibrium studies
were carried out at room temperature with periodic examination
by nmr. Table I lists the nmr data for the hydrochloride salts.
Ir spectra were determined on Beckman IR-5a or Beckman IR-
20 spectrophotometers. Solid samples were determined in the
solid phase as KBr pellets unless otherwise indicated. Strong
methoxy absorption at 1110-1130 cm-1 was present in all com-
pounds.

7,8,9-Trimethoxy-4a,10b-/rans-1,2,3,4,4a,5,6, 10b-octahydro-
phenanthridine (3).— A solution of 453 mg of 1 hydrochloride2
(1.50 mmol) and 146 mg (~1.63 mmol) of aqueous 37% formalde-
hyde in 30 ml of ethanol was refluxed for 29 hr. The reaction
mixture, from which considerable crystalline product had sep-
arated, was evaporated and the resulting crude solid crystallized
from methanol, yielding 449 mg (95.2%) of 3 hydrochloride as
colorless needles or plates, mp 262.5-263.5° dec, ir 2790 cm-1

(NH+).
Anal. Calcd for C18H20 NC1: C, 61.23; H, 7.71; N, 4.46.
Found: C, 61.54; H, 7.51; N, 4.51.

The amine 3 regenerated from the hydrochloride after crystal-
lization from hexane-benzene had mp 76-78°; ir 3440 cm-1
(NH); nmr (CDC13) r 3.36 (s, 1, H-10), 5.87 (d, 1, J66- = 16
Hz, H-6), 6.03 (d, 1, Ts.e- = 16 Hz, H-6"), 8.51 (s, 1, NH).

The p-toluenesulfonate was prepared by addition of p-
toluenesulfonic acid to a methanolic solution of 3 followed by re-
moval of methanol under reduced pressure. Two crystalliza-
tions from methanol-water gave the hydrate, mp <100° with
resolidification and remelting at 158.5-159.5° (Fisher-Johns).
Azeotropicremoval of water of hydration with chloroform followed
by ethyl acetate crystallization afforded the salt as colorless
needles, partially melting at 157.5-160°, regrowth to cubes at
160-167°, and complete melting by 169.5°. The melting be-
havior is probably a result of a mixture of polymorphic forms.
Infrared NH + absorption occurred at 2800 cm -1.

7,8,9-Trimethoxy-4a,10b-cis-1,2,3,4,4a,5,6,10b-octahydro-
phenanthridine (4).— Treatment of 9.66 g (32.0 mmol) of 2
hydrochloride2with ~42 mmol of formaldehyde in 650 ml of re-
fluxing ethanol for 24 hr afforded 9.93 g (98.8%) of 4 hydro-
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chloride after crystallization from 2-propanol, mp 244-244.5°
dec, ir 2780 cm-1 (NH+).

Anal. calcd for C,6H H,NC1: C, 61.23; H, 7.71; N, 4.46.
Found: C, 61.07; H, 7.54; N, 4.39.

The amine 4 crystallized from hexane and had mp 90.5-92.5°; ir
3440 cm-1 (NH); nmr (CDC13) r 3.56 (s, 1, H-10), 5.85 (d, 1,
.166. = 16.5 Hz, H-6), 6.08 (d, 1, = 16.5 Hz, H-6 ), 8.46
(s, 1, NH).

5-Methyl-7,8,9-trimethoxy-4a,10b-irons-1,2,3,4,4a,5,6,10b-
octahydrophenanthridine (5).— With cooling, 0.88 g of 88%
formic acid (~16.8 mmol) was added to 1.061 g of 1 (4.00 mmol).
Aqueous 37% formaldehyde (1.0 g, ~12.3 mmol) was added and
the mixture was heated until gas evolution started. After
vigorous gas evolution had subsided, heating on a steam bath
was resumed overnight (total 18 hr). After cooling, the mixture
was diluted with a small amount of water (2 ml), chilled, and
made alkaline with KOH with stirring. The amine liberated
was extracted with benzene (three 50-ml portions). The benzene
extracts were dried (Na2504) and evaporated, giving the crude
liquid amine. Conversion to the hydrochloride and crystalliza-
tion from 2-propanol-ethyl acetate yielded 1.247 g (95.1%) of 5
hydrochloride, mp 209-210° dec, ir 2490 cm-1 (NH +).

Anal. cCalcd for C,H20 NC1: C, 62.28; H, 8.00; N, 4.27.
Found: C, 61.99; H, 7.76; N, 4.26.

The liquid amine 5 regenerated from hydrochloride exhibited
moderately strong absorption in the ir (liquid, neat) at 2760 cm -1
(NCH); nmr (CDCU) r 3.43 (s, 1, H-10), 6.06 (d, 1, J66 =
156 Hz), 6.71 (d d, 1, J6i6 = 156 Hz, JV.da= 1.5 Hz, H-6"),
7.63 (s, 3, NCH3).

The p-toluenesulfonate prepared as described for that of 3
above was freed of traces of p-toluenesulfonic acid by extraction
of a benzene solution with water. The benzene extracts were
dried (Na2s04) and evaporated. Treatment with a small
amount of ethyl acetate afforded crystals which on recrystal-
lization from benzene-petroleum ether (bp 30-60°) gave needles,
mp 171-172.5°, ir 2570 cm” 1 (NH +).

5-Methyl-7,8,9-trimethoxy-4a,10b-c?s-1,2,3,4,4a,5,6,10b-octa-
hydrophenanthridine (6).— A solution of 1.57 g (5.65 mmol)
of 4 and 5.0 ml of 37% formaldehyde in 100 ml of ethar.ol was
hydrogenated in the presence of 500 mg of 10% Pd/C until hy-
drogen uptake ceased. Following removal of catalyst by filtra-
tion, the solution was treated with 5 ml of glacial acetic acid and
evaporated. The residue was dissolved in 10 ml of water,
chilled, and made alkaline with KOH. The liberated amine was
extracted with benzene (four 50-ml portions) and the benzene
extracts were dried (Na2504) and evaporated. The crude liquid
amine was converted to the hydrochloride in the usual manner;
crystallization from 2-propanol-ethyl acetate afforded 1.715 ¢
(92.5%) of 6 hydrochloride, mp 204-206.5° dec, ir 2550 cm”1

(NH+).
Anal. calcd for C,H20 3NC1: C, 62.28; H, 8.00; N, 4.27.
Found: C, 62.34; H, 7.92; N, 4.20.

Clark-Eschweiler treatment of 2 as described for preparation
of 5 afforded 6 hydrochloride in 84.9% yield. Physical and spec-
tral properties of this product were identical with those of a
sample prepared by the catalytic reductive methylation above.

Nmr of free base in CDC13: r 3.53 (s, 1, H-10), 6.08 (d, 1,
J66~ — 15.8 Hz, H-6), 6.70 (d, 1, Jv.s = 15.8 Hz, H-6"), 7.58
(s, 3, NCH).

5-Ethyl-7,8,9-trimethoxy-4a,10b-trans-1,2,3,4,4a,5,6, |0b-octa-
hydrophenanthridine (7).— Catalytic reductive alkylation of
2.08 g (7.50 mmol) of 3 using excess acetaldehyde (~3.31 g,
~75 mmol) according to the procedure described for 6 followed
by crystallization from 2-propanol yielded 2.20 g (85.9%) of 7
hydrochloride as a microcrystalline solid, mp 210-210.5° dec,
ir 2500 cm”1(NH+).

Anal. cCalcd for CIH 20 NC1: C, 63.24; H, 8.26; N, 4.10.
Found: C, 63.17; H, 8.29; N, 4.24.

Nmr of free base in pvridine: r 3.24 (s, 1, H-10), 5.83 (d, 1,
Ja. = 16.2 Hz, H-6), 6.43 (d d, 1, = 162 Hz,J6,4a= 15
Hz, H-6"), 7.40 (q, 2, NCH2CH3), 8.94 (t, 3, NCH2CH3).

5-Benzyl-7,8,9-trimethoxy-4a, l0b-irans-1,2,3,4,4a,5,6,10b-
octahydrophenanthridine (8).— A mixture of 277 mg (1.00 mmol)
of 3, 186 mg (4.0 mmol) of 99% formic acid, and 227 mg (2.14
mmol) of redistilled benzaldehyde was heated under reflux on a
steam bath for 18 hr. Moderate to slow gas evolution occurred
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initially, but abated considerably after 2 hr. After cooling, the
mixture was diluted with 5 ml of glacial acetic acid and 10 ml of
5% HC1. Excess benzaldehyde was removed by washing with
carbon tetrachloride (three 5-ml portions). Carbon tetrachloride
washings were extracted with an additional 10 ml of 5% HC1.
Aqueous acidic solutions deposited some of the product hydro-
chloride on standing; resolubilization was effected by addition of
methanol. The aqueous acidic portions were combined and evap-
orated under reduced pressure. Crystallization of the residue
from methanol yielded 313 mg (77.5%) of the hydrochloride of 8
as colorless needles, mp 209-210° dec, ir 2500 cm -1 (NH +).

Anal. Calcd for CZNIONCI: C, 68.38; H, 7.49; N, 3.47.
Found: C, 68.09;H, 7.55; N, 3.56.

5-Benzyl-7,8,9-trimethoxy-4a,10b-cfs-1,2,3,4,4a,5,6,10b-octa-
hydrophenanthridine (9).— Heating of 1.387 g (5.00 mmol)
of 4 with formic acid and benzaldehyde for 7 hr as described
above and crystallization from ethyl acetate and 2-propanol pro-
duced 1.561 g (77.2%) crude 9 hydrochloride, mp 181-190° dec
(Fisher-Johns). A pure sample crystallized from ethanol
melted at 182.5-183° dec to a two-phase system, ir 2510 cm*“1

(NH+).
Anal. Calcd for CBH3,0NC1: C, 68.38; H, 7.49; N, 3.47.
Found: C, 67.99; H, 7.52; N, 3.70.

Nmr of free base in pyridine: r 3.25 (s, 1, H-10), 5.93 (d, 1,
J66. = 13 Hz, H-6), 6.50 (d, 1, J,..e = 13 Hz, H-6"), 6.2 (s, 2,
NCHPh). In CDC13the signals of the benzylic hydrogens are
nonequivalent and they overlap with the signals of the methoxy
groups.

5-(2-Hydroxyethyl)-7,8,9-trimethoxy-4a,lOb-ircms-1,2,3,4,4a,-
5,6,10b-octahydrophenanthridine (10).— A solution of 838 mg
(3.02 mmol) of 3 and ~5 mmol of ethylene oxide in 30 ml of ab-
solute ethanol was heated at 75° in a small stainless steel Parr
bomb for 24 hr. After cooling, the contents of the bomb
were evaporated. Crystallization of the residue from acetone,
then acetone-hexane, afforded 757 mg (77.9%) of 10, mp 118.5-
120.5° (Fisher-Johns). A sample purified for analysis by two
further crystallizations from acetone followed by recrystalliza-
tion from benzene-hexane had mp 120-121.5°; ir (CHC13) 3620
(w), 3420 cm“1 (OH); nmr (pyridine) r 3.21 (s, 1, H-10), 5.68
(d, 1, J66 = 16.4 Hz, H-6), 6.22 (d, 1, ./6.6 = 16.4 Hz, H-6"),
6.1 (m,2, NHCHCHOH), 7.13 (m, 2, NHCHCHOH).

Anal. cCalcd for CisHvChN: C, 67.26; H, 8.47; N, 4.36.
Found: C, 67.51; H, 8.58; N, 4.60.

The hydrochloride was prepared by treatment with 5% hy-
drochloride acid and isolated by chloroform extraction as de-
scribed below for 11 hydrochloride. Crystallization from acetone
gave colorless needles: mp 170.5-172° dec; ir 3330 (OH),
2530 cm”1 (NH+).

5-(2-Hydroxyethyl)-7,8,9-trimethoxy-4a,10b-cfs-1,2,3,4,4a,-
5,6,10b-octahydrophenanthridine (11).— Hydroxyethylation of
693 mg (2.50 mmol) of 4 with ~6.2 mmol of ethylene oxide in 50
ml of absolute ethanol was carried out under the conditions
employed for the Irons isomer 10. Evaporation of the reaction
mixture gave crude 11 as a viscous oil which failed to crystallize.
It was converted to the hydrochloride by shaking a benzene solu-
tion with 5% HC1 (20 ml in three portions). The hydrochloride
salt was extracted from the combined acid extracts with chloro-
form (50 ml total) and the chloroform extracts were dried
(Na2s04) and evaporated. Crystallization of the residue from
acetone afforded 723 mg (80.7%) of 11 hydrochloride: mp 172-
174° dec (Fisher-Johns); ir 3320 (OH), 2590 cm-1 (NH+).
An analytical sample prepared by three crystallizations from 2-
propanol-ethyl acetate had mp 172.5-177.5° dec, with the
melting point very dependent on heating rate.

Anal. Calcd for Ci8lI2Z04NCI: C, 60.41; H, 7.89; N, 3.92.
Found: C, 60.02; H, 7.92; N, 4.21.

Registry No.-3, 34035-48-8; 3 HC1, 34035-49-9;
3 tosylate, 34035-50-2; 4, 34035-51-3; 4 HC1, 34035-
52-4; 5, 34035-53-5; 5 HC1, 34035-54-6; 5 tosylate,
34035-55-7; 6, 34035-56-8; 6 HC1, 34035-57-9; 7,
34035-58-0; 7 HC1, 34087-66-6; 8 HC1, 34035-59-1;
9, 34035-60-4; 9 HC1, 34035-61-5; 10, 34087-67-7,
10 HC1, 34035-62-6; 11 HC1, 34035-63-7.
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IV-Carbomethoxy-1,2- and -1,4-dihydropyridine (1 and 2) have been prepared by the reaction of methyl chloro-

formate with pyridine in the presence of sodium borohydride.
derivatives for the synthesis of other heterocycles and study of the dihydropyridine ring system.
Treatmentof 2 with methyllithium gave the unsubstituted

land 2 with LiAIH (gave the (V-methyl derivatives.

dihydropyridine 7, whereas a similar treatment of 1 gave a complex mixture of products.

IV-carbomethoxybicyclo[2.2.0] hex-5-ene.

The 1,4- and 1,3-cyclohexadienes have proven to be
extremely valuable intermediates in organic synthesis.
The corresponding heterocycles, 1,2- and 1,4-dihydro-
pyridine, should also prove valuable for the preparation
of interesting heterocyclic compounds. In addition, the
1,4-dihydropyridine ring system is of biological impor-
tance since it occurs in the reduced forms of nicotin-
amide adenine dinucleotide (NADH) and nicotinamide
adenine dinucleotide phosphate (NADPH).l In con-
trast to the carbocycles, studies on the simple deriva-
tives of the heterocycles have been hindered by their
susceptibility to oxidation and the lack of convenient
methods for their preparation.

A large number of substituted 1,2- and 1,4-dihydro-
pyridines have been prepared by cyclization reactions
(Hantzsch ring closure) and by reduction of pyridin-
ium ions.2 The Hantzsch ring closure works well only
for the preparation of highly substituted dihydropyr-
idines. Except in a few cases,3 the reduction of pyr-
idinium ions is successful only if strong electron-with-
drawing groups are present on the pyridine ring.4

An elegant synthesis of the 1-trimethylsilyl-substi-
tuted 1,2- and 1,4-dihydropyridines has recently been
accomplished by Cook and Lyons.5 These compounds
would appear very valuable derivatives for further
study of the dihydropyridine structure. Unfortu-
nately, any extensive study of these ring systems is hin-
dered by the small quantity of 1,2 isomer produced,
their instability, and by the tedious separation procedure
required (vapor phase chromatography).

We report that both W-carbomethoxy-1,2- and -1,4-
dihydropyridine can be produced by treating a mixture
of pyridine and sodium borohydride with methyl chloro-
formate. Although this reaction can be carried out in
a number of solvents (ether, glyme, tetrahydrofuran,
methanol, and water), tetrahydrofuran proved to be
the solvent of choice.

Carrying out the reaction in tetrahydrofuran and
maintaining the temperature below 10° gave a mixture
of the dihydropyridines containing about 35-40% of
the 1,4 isomer. These can be separated on a small
scale using either preparative layer chromatography
(silica gel) or gas phase chromatography (5% SE-30 on
Chrom G). This is not a convenient procedure for the

(1) S. P. Colowich, J. van Eys, and J. H. Park in “Comprehensive Bio-
chemistry,” Vol. 14, M. Florkin and E. H. Stotz, Ed., Elsevier, Amsterdam,
1966, Chapter 1.

(2) A. Albert, “Heterocyclic Chemistry,” 2nd ed, The Athlone Press,
London, 1968, p 303 ff.

(3) The nmr spectra are similar to those previously reported for N-
phenyl-1,2- and 1,4-dihydropyridine: M. Sanders and E. H. Gold, 3. org.
Chem., 27, 1439 (1962).

(4) P.S. Anderson and R. E. Lyle, Tetrahedron Lett., 153 (1964).

(5) N.C. CookandJ. E. Lyons, J. Amer. Chem. Soc., 88,3396 (1966).

These compounds have been shown to be useful
Reduction of

Photolysis of 1 gave

preparation of large quantities of these pure dihydro-
pyridines. However, large quantities of the pure 1,4-
dihydropyridine can be obtained by simply treating
the reaction mixture with maleic anhydride. The 1,2-
dihydropyridine readily reacts to give a Diels-Alder
adduct which can easily be removed by washing with
15% sodium hydroxide.

The amount of 1,4 isomer can be reduced substan-
tially 2-4% by carrying out the reaction in methanol
using a Dry Ice-acetone cooling bath.

C1CQCH,
CHOH
-70°

CCLCH,

The structures of these dihydropyridines are clearly
evident from their spectral data5 and their chemical
conversion to known dihydropyridines (see below).

The IV-carbomethoxydihydropyridines are very use-
ful derivatives of the dihydropyridine ring system for
several reasons. The carbomethoxy substituent stabi-
lizes the dihydropyridine structure, causing these com-
pounds to be more resistant to air oxidation than sim-
ple I1V-alkyl derivatives and therefore they can be
handled relatively easily in the laboratory. However,
even these dihydropyridines will decompose when ex-
posed to atmospheric oxygen at room temperature for
prolonged periods, although they can be stored indefi-
nitely under argon at —30°. Because of the resonance
interaction of the lone pair on nitrogen with the car-
bonyl group, the carbon-carbon double bonds of these
dihydropyridines have little enamine character. For
example, they are reasonably stable to aqueous solutions
of mineral acids.

The carbomethoxy substituent is also a versatile
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functional group in organic synthesis. It can either be
converted to a hydrogen-substituted derivative or re-
duced to a iV-methyl group, which is a common func-
tionality in natural products. For example, we have
observed that treatment of these dihydropyridines
with lithium aluminum hydride gives the relatively un-
stable iV-methyl derivatives. The physical properties
of 4 are consistent with those previously reported,6
whereas 5 is a new compound.

~ 1LIAIHN
U q
€
coxh3 CH,
1 4
I.LIAIH,
2.NaOH
coxh3 ch3
2 5

Treatment of 1,4-dihydropyridine 2 with methyl-
lithium gave the lithio derivative 6. This was not iso-
lated, but treatment with either water or deuterium
oxide produced the 1,4-dihydropvridine.7 Dihydro-
pyridine 7 is remarkably stable. It shows no tendency
to decompose, isomerize, or undergo exchange of the
hydrogens 3 to the nitrogen when treated with deute-
rium oxide in acetone-dg for several days.

7
Preliminary studies have indicated that these hetero-
cycles are very useful for the preparation of interesting
heterocyclic compounds. For example, photolysis of
1,2-dihvdropyridine 1 in methylene chloride provides a
very convenient synthesis to the 2-azabicyclo[2.2.0]-
hex-5-ene ring system.

CO2CH3 CO.CH,

1 8

Experimental Section8

iV-Carbomethoxy-l,4-dihydropyridme (2).— Methyl chloro-
formate (47.3 g, 0.5 mol) was added to 10 g of NaBH, and 39.4
g (0.5 mol) of pyridine in 200 ml of THF cooled in an acetone-ice
bath at a rate so that the reaction temperature did not exceed
10°. The reaction mixture was stirred for an additional 1.4 hr
and enough HD (ca. 400 ml) was added to dissolve the inorganic
salts. The reaction mixture was extracted with ether. The
ethereal extracts were combined, washed with water, dried (Mg-
S04), and evaporated in vacuo at co. 40° to give ca. 36 g of the
mixture of dihydropyridines. The pure 1,4 isomer (ca. 10 g)
was obtained by treating this mixture with 50 g of maleic an-
hydride and 200 ml of CH2CI2 (previously purged with N2) and

(6) E. M. Fry, J. Org. Chem ., 29, 1647 (1964).

(7) N.C. CookandJ.E. Lyons, 3. Amer. Chem. Soc., 87, 3283 (1965).

(8) Analyses were performed by Gailbraith Laboratories, Knoxville,
Tenn. The nmr spectra were recorded using a Varian A-60 spectrometer,
the infrared spectra were recorded using a Perkin-Elmer 257 grating spec-
trometer, and the ultraviolet spectra were recorded using a Cary 14 spec-
trometer.

Fowler

refluxed for 14 hr. The solvent was evaporated (in vacuo),
and the residue was dissolved in ether and washed with 15%

NaOH until colorless. The ethereal layer was dried (M gS04)
and removed in vacuo. Further purification of the 1,4-dihydro-
pyridine 2 can be effected by passing it through basic alumina
with ether. This produces the dihydropyridine as a clear, mobile
liquid of >97% purity: nmr (CDC13) t3.42 (d, broad, 2 H,J =

75 Hz, NCH=), 5.05-5.40 (m, 2H, NCH=CH), 6.32 (s, 3 H,
OCHJ3), and 7.05-7.33 (m, 2 H, CH?2); ir (CCl1l4) 1726 (C=0)

and 1634 cm-1 (C=C); uv max (hexane) 224 nm (e 13,700).

,Y-Carbomethoxy-1,2-dihydropyridine (1).— Methyl chloro-
formate (18.2 g, 0.2 mol) in 25 ml of ether was added to 8.0 g of
sodium borohydride and 15.8 g (0.20 mol) of pyridine in 75 ml
of absolute methanol cooled in Dry' Ice-acetone. The rate of
addition was controlled so that the temperature of the reaction
mixture did not exceed —69°. The reaction mixture was stirred
for an additional 1.5 hr and was then poured into ice water.
Enough water was added to dissolve the inorganic salts and the
mixture was extracted with ether (ca. 300 ml). These were com-
bined, washed thoroughly with water, and dried (M gS04).
Removal of the solvent in vacuo (ca. 50°) gave ca. 18 g of the 1,2-
dihydropyridine 1. Further purification can be effected by
passing the product through basic alumina with ether: nmr
(CC14) r 3.47 (d, broad, IH ,/= 75 Hz, NCH=), 4.05-5.18
(m, 3 H, olefinic), 5.85 (doublet of doublets, 2 H, J = 3.5, 2.0
Hz, CH2), and 6.37 (s, 3 Il, OCI13); ir (CC14) 1718 (C=0),
1647 (C=C), and 1585 cm-1 (C=C); uv max (hexane) 302 nm (e
3800).

A-Methyl-1,2-dihydropyridine (4).—To 2.40 g of LiAITI4in 50
ml of ether cooled in an ice bath was added 5.60 g of 1,2-dihydro-
pyridine 1. The reaction was allowed to warm to room tempera-
ture and stir for 3.25 hr. The reaction was worked up by' de-
composing the excess LiAIH4with 8.5 ml of 20% NaO/l, filtering
the inorganic salts, and removing the solvent in vacuo at room
temperature (the dihy'dropyridine was maintained under argon
at all times). This gave a quantitative yield of 4: nmr (CC14) «
4.08-4.47 (m, 2 H), 4.80-5.18 (m, 1 H), 5.37-5.67 (m, 1 H),
6.23 (d, broad,J = 3.5Hz),and 7.43 (s, 3H, NCH3). The nmr
spectrum of this sample proved to be the same as that, of an
authentic sample prepared independently.6 The dihydropyridine
was stored over KOH pellets at —30°.

A’-Methyl-1,4-dihydropyridine (5).—To 2.40 g of LiAIH4 in
50 ml of ether cooled in an ice bath w'as added over 10 min 5.60 g
of A-carbomethoxy-l,4-dihydropy'ridine. The reaction mixture
was allowed to warm to room temperature and was refluxed for
24 hr. The reaction mixture was cooled in an ice bath and the
excess LiAIH4was decomposed with 8.5 ml of 20% NaOH. The
salts were filtered and the ether was removed in vacuo at 25°,
giving a90% yield of 5 as apale yellow liquid. The nmr spectrum
showed the product to be >95% pure, but it could be further
purified by molecular distillation (10-3 mm), giving 5 as a color-
less liquid that was unstable to atmospheric oxygen: nmr
(CDC13) t 4.43 (doublet of triplets, J = 8.0 and 1.5 Hz, 2 H,
NCH=), 558-5.88 (m, 2 H, NCH=CH), 7.00-7.23 (broad s,
Wify = 7.0 Hz, 2 11, CH2) and 7.32 (s, 3 H, NCI113); ir (CC14)
3065 (CH=) and 16.75 cm“1(C=C); uv (hexane) 270 (e 1220,
shoulder) and 302 nm (e 940, shoulder).

1,4-Dihydropyridine (7).— To 6 ml of 2 M methyllithium in 8
ml of dry ether (previously purged with N2) cooled in an acetone-
ice bath was added 560 mg of A7carbomethoxy'-1,2-dihydro-
py'ridine. The reaction was stirred for 20 min and enough H2
was added to dissolve the inorganic salts. The aqueous phase
was separated and the organic layer was washed several times
with water. The organic phase was dried (M gS04) and the sol-
vent was removed with a stream of nitrogen at room temperature.
All of the other above operations were carried out in an argon
atmosphere.

The nmr spectrum (acetone-de) wras virtually identical with that
previously reported.7 If the above reaction mixture is worked up
with D2, then the multiplicity of the hydrogens a to the nitrogen
is simplified. They' occur as a broadened doublet (J = 8.0
Hz).

A7-Carbomethoxy-2-azabicyclo [2.2.01 hex-5-ene (8).— A 5%
solution of 1,2-dihvdropyridine 1 was irradiated using a Rayonet
photochemical reactor (RP-3000 lamps) until the nmr spectrum
showed the consumption of all the starting material. Removal
of the solvent gave an orange oil. The nmr spectrum show'ed this
to be ca. 85% pure. Pure 8 (>95%) could be obtained by
passing the crude product through basic alumina with ether:
nmr (CDC13) 3.37-3.52 (m, 2 H, CH=CH), 5.17 (triplet of
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doublets, 1H, J = 3.0, 1.5 Hz, bridgehead a to N), 5.83-6.67
(m, 3 H), and 6.32 (s, 3 H, OCHZJ); ir (CCU) 1710 (C =0) and
1596 cm-1 (C=C). The analytical sample was further purified
by glc (10 ft X 0.25 in. 5% SE-30 at 125°, retention time 60
min).

Anal. cCalcd for CHINO2:
60.24; H, 6.54.

C, 60.42; H, 6.52. Found: C,

J. Org. Chem., Vol. 87, No. 9, 1972 1323
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33707-38-9; 5,33666-44-3; 8,33707-39-0.
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The synthesis of several tricyclic diaminopyrimidine derivatives by condensation of dicyandiamide with bi-

cyclic aromatic ketones is reported.

An interesting skeletal rearrangement was observed when 2,4-diaminobenzo-

[Vjguinazoline (5a) was isolated as the major product of palladium-charcoal dehydrogenation (under dispro-
portionation conditions) of I,3-diamino-5,6-dihydrobenzo[/]quinazoline (1), the 2-tetralone/dicyandiamide con-

densation product. Representatives

of the 2,4-diaminobenzo[iiJquinazoline, the 2,4-diaminothieno[2,3-/t]-

quinazoline, and the 2,4-diamino-5if-indeno[l,2-d] pyrimidine ring systems are described.

In a program of synthesis of pyrimidine derivatives as
potential folic acid antagonists and antitumor agents,3
a number of 2,4-diaminopyrimidine ring systems have
been synthesized in our laboratory by the direct, one-
step condensation of dicyandiamide with Kketones
having an available a-methylene group.2-5 We re-
ported the isolation of a single product from the con-
densation of 2-tetralone with dicyandiamide.Z% Al-
though cyclization can theoretically involve the methy-
lene group on either side of the carbonyl group of 2-tetra-
lone, leading to 1 or 2, we have established the structure
of the reaction product as I|,3-diamino-5,6-dihydro-
benzo [/jquinazoline (1).67 A number of substituted
1,3-diamino-5,6-dihydrobenzo[/]quinazolines were sub-
sequently prepared by this route.89 Application of
this versatile pyrimidine ring-forming reaction to
bicyclic aromatic ketones is now described; in con-
nection with the present work, an interesting thermal
rearrangement was observed and confirmed by alter-
native synthesis.

A disproportionation reaction of compound 1 was
conducted in the presence of tetralin and 10% pal-
ladium-charcoal catalyst in 2-(2-ethoxyethoxy)ethanol
at 198-202° for 38 hr. The major product was 2,4-
diaminobenzo [gjquinazoline (5a), the structure of
which was proved by comparison with an authentic

(1) This investigation was supported in part by research'grant C6516
and research career development award K3-CA-22.151 from the National
Cancer Institute, National Institutes of Health, U. S. Public Health Service.

(2) S. K. Sengupta, S, Chatterjee, H. Kangur, and E. J. Modest, Abstracts
of Papers, 144th National Meeting of the American Chemical Society,
Los Angeles, Calif., April 3, 1963, p 37-L.

(3) E. J. Modest, G. E. Foley, and S. Farber, Acta, Unio Int. Contra
Cancrum, 16, 702 (1960).

(4) E. J. Modest, S. Chatterjee, and H. Kangur, J. org. Chem., 27, 2708
(1962).

(5) E. J. Modest, S. Chatterjee, and H. K. Protopapa, J. org. Chem., 30,
1837 (1965). This is part I11 of the series.

(6) A. Rosowsky, E. P. Burrows, S. K. Sengupta, and E. J. Modest,
Abstracts of Papers, First International Congress of Heterocyclic Chemistry,
Albuquerque, N. M., June 15, 1967, Abstract No. 104.

(7) E. P. Burrows, A. Rosowsky, and E. J. Modest, 3. Org. Chem., 32,
4090 (1967).

(8) A.Rosowsky and E. J. Modest, Ann. N. Y. Acad. Sci., 186, 258 (1971).

(9) A. Rosowsky, K. K. N. Chen, N. Papathanasopoulos, and E. J.
Modest, J. Heterocycl. Chem., in press.

benzo[/fJquinazoline derivative
2

sample prepared by an unambiguous synthesis.10-14
Isolation of 5a suggested that the product of con-
densation of 2-tetralone and dicyandiamide might have
been 2,4-diamino-5,10-dihydrobenzo[grJquinazoline. It
is now obvious that 5a resulted by rearrangement under
disproportionation conditions. This, to our knowledge,
is the only example of a thermal rearrangement of a
benzo [/jquinazoline to a benzo jquinazoline. The
minor product from this reaction (10) retained the
benzo [/jguinazoline ring structure of the parent com-
pound.’

An authentic sample of 2,4-diaminobenzo [gjquin-
azoline was prepared according to the procedures of
Curd, Landquist, and Rosel0 and Legrandll-14 with
certain modifications. 2,4-Dihydroxybenzo [gjquinaz-
oline (3a) was obtained by reaction of 2-amino-3-

(10) F. H. S. Curd, J. K. Landquist, and F. L. Rose, 3. Chem. Soc., 1759
(1948).

(11) A. Etienne and M. Legrand, c. R. Acad. Sci., 229, 220 (1949).

(12) A. Etienne and M. Legrand, ibid., 231, 232 (1950).

(13) M. Legrand, ibid., 231, 1318 (1950).

(14) M. Legrand, private communication.

(15) Compound 10 was identified as s-amino-I-[2-(z2-ethoxyethoxy)-
ethoxy]benzo[/jquinazoline (see Experimental Section). Mass spectrometric
analysis of 10, together with the fragmentation pattern of the ether side
chain, is described separately: S. K. Sengupta, H. K. Protopapa, E. J.
Modest, and B. C. Das, Org. Mass Spectrom., (submitted for publication).
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naphthoic acid and urea.l0l6 Chlorination of 3a
with phosphorus oxychloride in refluxing bromobenzene
afforded 2,4-dichlorobenzo[</jquinazoline (4a); con-
ventional chlorination in refluxing phosphorus oxy-
chloride was less satisfactory. The method of
Legrand13!4 for amination of 4a to 5a in ethanolic
ammonia required increased temperature, pressure,
and reaction time for complete reaction.

In view of the isolation of 5a from the disproportion-
ation reaction, several additional derivatives of the
seldom reported benzo [¢/jquinazoline ring system were
synthesized for possible comparative purposes in
connection with the solid-phase dehydrogenation de-
scribed below. Condensation of formamide with
2-amino-3-naphthoic acid via Niementowski’s reaction’
afforded 4-hydroxybenzo[</jquinazoline (3b), which was
converted into 4-chlorobenzo[</jquinazoline (4b).
Amination of 4b gave 5b.13B This amination was
more facile than that of 2,4-dichlorobenzo [i/jquinazo-
line (4a).

R4 r4
3a, R2= R4= OH 3b, R4= OH
4a, R, = R4= CI 4b, R4= ClI
5a, Rj = R4= NH, 5b, R4= NH2

6, R2=NH ,R4= OH

2-Amino-4-hydroxybenzo [¢/jquinazoline (6) was syn-
thesized in low yield by high-temperature condensation
of 2-amino-3-naphthoic acid and guanidine in boiling
phenol. The same material (6) was obtained in good
yield when 5a was subjected to selective acid hydrolysis
of the 4-amino group. The preferential hydrolysis of
the 4- and 6-amino groups as compared with the 2-
amino groups in pyrimidine ring systems is well known.19

When the dehydrogenation of 1 was carried out with
10% palladium-charcoal catalyst at 270-320° without
solvent, a reaction product was obtained which was
shown to be a mixture of three components by paper
chromatography. One component, the starting ma-
terial (1), was removed by sublimation. Sublimation
of the residue at a higher temperature yielded a mixture
of the other two components. Fractional crystal-
lization from absolute ethanol yielded the second com-
ponent in pure form, identified as 3-aminobenzo [/]-
quinazoline (7) by comparison with an authentic
sample.B2l Obviously deamination had occurred
during or following dehydrogenation of 1 with the
formation of 3-aminobenzo [/jquinazoline (7) as one
product of the reaction. Dehydrogenation had been
accompanied by evolution of considerable gaseous
ammonia. Primary aromatic amino groups can be
hydrogenolyzed in the presence of various catalysts.2

(16) M. T. Bogert and G. Scatchard, 3. Amer. Chem. Soc., 41, 2052 (1919).

(17) S. v. Niementowski, J. Prakt. chem., [2] 51, 564 (1895).

(18) A. R. Osborn, K. Schofield, and L. N. Short, 3. chem. Soc., 4191
(1956).

(19) (@) E. C. Taylor and C. K. Cain, J. Amer. Chem. Soc., 71, 2282
(1949); (b) R. B. Trattner, G. B. Elion, G. H. Hitchings, and D. M. Sharef-
Kin, 3. org. chem., 29, 2674 (1964).

(20) A. Rosowsky, N. Papathanasopoulos, M. E. Nadel, S. K. Sengupta,
and E. J. Modest, Abstracts of Papers, 151st National Meeting of the Ameri-
can Chemical Society, Pittsburgh, Pa.. March 28, 1966, 1-1.

(21) A. Rosowsky and E. J. Modest, 3. org. chem., 31, 2607 (1966).

(22) Nathan Kornblum in “Organic Reactions,” Vol. 11, Wiley, New York,
N. Y., 1947, p 262.
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Neither fractional crystallization nor cellulose column
chromatography afforded a pure sample of the third
component. Therefore, the original dehydrogenation
mixture was subjected to ion exchange chromatog-
raphy with a cation exchange resin, and the column was
eluted with different strengths of aqueous hydrochloric
acid. Hydrochloric acid (2 N) extracted monoamine
7, identified as the free base. The 4 N hydrochloric
acid eluate was free from 7. Work-up afforded a
single, pure compound with infrared absorption at 5.85
n; it was shown to be an amido compound by elemental
analysis. The material, isomeric with 6, was identified
as I-hydroxy-3-aminobenzo [/jquinazoline (8) by com-
parison with an authentic sample.2021 This must have
come from 1,3-diaminobenzo [/jquinazoline (viasolvent-
free dehydrogenation of 1) by acid hydrolysis during
the prolonged process of elution from the column.
The preferential acid hydrolysis of the 1-amino group
of 1,3-diaminobenzo [/jquinazoline has already been
recorded,2l as well as the formation of 1,3-diamino-
benzo [/jguinazoline by mild, selenium dioxide-acetic
acid dehydrogenation of | .67

Mild nitrosation of 1 yielded I-hydroxy-3-amino-
5,6-dihydrobenzo [/jquinazoline (9) by preferential reac-
tion of the 1-amino group. Dehydrogenation of 9
gave 8. Nitrosation of 1 under forcing conditions gave
small amounts of 1,3-dihydroxybenzo [/jquinazoline.

In summary of the palladium-charcoal reactions on
1, dehydrogenation under disproportionation conditions
with tetralin in 2-(2-ethoxyethoxy)ethanol gave the
rearranged product 5a in major yield, whereas dehydro-
genation without solvent afforded the unrearranged 7
and 8, derivable from 1 by dehydrogenation and by
deamination and hydrolysis, respectively, of the
l-amino group. Since each reaction was repeated
several times and since the purity of 1 was rigorously
substantiated (see Experimental Section), it is clear
that the disproportionation reaction involves extensive
ring rearrangement, for which we cannot at present
offer a mechanistic explanation. See Scheme I.

Studies were also carried out with 1-tetralone and
related bicyclic ketones. Reaction of l-tetralone with
dicyandiamide afforded 2,4-diamino-5,6-dihydrobenzo-
[hjquinazoline (11a) in about 58% yield. Similarly,
2,4-diamino-5,6-dihydro-6-methylbenzo[fe jquinazoline
(lib) was prepared from 4-methyl-I-tetralone in 63%
yield. In contrast to 1 (the 2-tetralone condensation
product), 1la was readily dehydrogenated to the fully

R = H or CH3

PdiC
orS

lia, R=H
b, R= CH,

12,R=H
(from lia)
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Table |

Nmr“ and Ultraviolet Spectra

S — Xm,, nm (« X 10“>)

s
Compd Methylene PP Aromatic (Solvent) EtOH pH 1 DMF
1 3.03 7.63 (TFA) 276 (18.7) 271 (17.1) 282 (14.9)
(singlet) (four peaks) 294 (16.9) 282 (13.1f 305 (16.9)
2.85 7.63 (DMF-dr) 289 (12.1)»
(multiplet) (multiplet)
9 3.01 7.40 (TFA) 235 (10.0) 262 (18.6) 267 (8.3)
(singlet) (four peaks) 264 (19.3) 305 (9.1) 297 (8.4)
2.75 7.92 (DMF-d7) 284 (7.1) 328 (15.5)
(multiplet) (quartet) 296 (7.9)
7.15 (DMF-d7) 325 (12.2)
(triplet)
1la 3.05 7.75 (TFA) 240 (25.5) 226 (17.0) 281 (3.3)
(octet) (multiplet) 280 (3.2)* 239 (16.9) 292 (2.9)
292 (3.3) 286 (5.9)» 332 (7.1)
2.85 7.63 (DMF-d,) 328 (8.35) 298 (8.6)
(multiplet) (multiplet) 320 (12.7)»
327 (13.4)
340 (9.0)»
13 3.23 7.35 (TFA) 243 (17.2) 240 (25.5)
(octet) (singlet) 264 (14.1) 333 (13.1)
269 (13.3) 347 (8.9)»
299 (7.6)
330 (2.6)»
15 4.10 8.05 (TFA) 238 (25.5) 226 (17.8) 283 (3.2)
(singlet) (three peaks) 284 (4.5) 238 (16.5) 291 (3.8)
291 (6 1) 316 (18.6) 322 (6.13)
318 (10.4) 329 (12.9)
“Nmr peak values are center of multiple peaks wherever applicable. » Shoulder.

aromatic

derivative 2,4-diaminobenzol/i]quinazoline

Scheme |

pounds 13 and 14 represent the 2,4-diaminothieno-

(12) with 10% palladium-charcoal or sulfur.

A thiophene analog of 1-tetralone, 4-keto-4,5,6,7-
tetrahydrothionaphthene, reacted with dicyandiamide
with formation of the expected 2,4-diaminopyrimidine
derivative 13 in good yield; 13 underwent smooth
dehydrogenation with sulfur to 14 in 70% yield. Com-

[2,3-/i]quinazoline ring system, which, to the best of
our knowledge, has not been reported in the literature.
Condensation of 1-indanone with dicyandiamide gave
2,4-diamino-5//-indeno [1,2-d jpyrimidine  (15) (78%
yield).
Compounds 1la and 15, which may be considered
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tricyclic analogs of 2,4-diamino-6-phenylpyrimidine,
have multiple ultraviolet absorption peaks in ethanol,
whereas 2,4-diamino-6-phenylpyrimidine itself shows
only two absorption maxima in ethanol, at 240 and
305 nm.ZB In contrast, the ultraviolet absorption
spectrum of 1 in ethanol is very similar to that of the
analogous 2,4-diamino-5-phenylpyrimidine,Z3 having
only two maxima. A reasonable explanation for these
observations is that steric interaction between the
l-amino group and the proton at C-10 of 1 may effect
enough loss of planarity to interrupt conjugation of the
aromatic rings and to produce a loss of fine structure
in the ultraviolet spectrum.2B Replacement of the
l-amino group in 1 by a l-oxo (or hydroxy) function in
9 restores planarity (multiple absorption maxima)
(Table I).

The nmr spectrum of 1 in trifluoroacetic acid shows
a singlet methylene peak (Table 1), but the spectrum
of 11a shows a methylene octet in that solvent. Meth-
ylene multiplets are observed for both compounds in
dimethylformamide-d?, although the characteristic
splitting pattern of the methylene protons of 1 differs
from that of 1la. Thus, the nmr data support the
conclusion from the ultraviolet data that lla is a
relatively planar, conjugated molecule in contrast to 1.

Experimental SectionZ

1,3-Diamino-5,6-dihydrobenzo[J]quinazoline (1).— A mixture
of 3.4 g (0.040 mol) of dieyandiamide and 3.6 g (0.025 mol) of 2-

(23) (a) P. B. Russell, 3. chem. soc., 2951 (1954); (b) B. Roth and J. Z.
Strelitz, 3. org. chem., 34, 821 (1969).

(24) By analogy, the ethanolic spectrum of the sterically hindered 9,10-
dihydro-4,5-dimethylphenanthrene has only one maximum, at 260 nm,
similar to the spectrum of biphenyl, but unlike the spectrum of the relatively
planar 9,10-dihydrophenanthrene, which has three maxima up to 330 nm.5%

(25) (a) G. H. Beavan, D. M. Hall, M. S. Lesslie, and E. E. Turner,
J. Chem. Soc., 854 (1952); (b) K. Mislow, M. A. W. Glass, H. B. Hopps,
E. Simon, and G. H. Wahl, Jr., 3. Amer. Chem. Soc., 86, 1710 (1964).

(26) H. Suzuki, Bull. Chem. Soc. Jap., 35, 1715 (1962).

(27) The infrared spectra were recorded on a Perkin-Elmer Model 137B
recording spectrophotometer in potassium bromide or potassium chloride
disks. Uv spectra were measured with Cary Model 11 and Model 15 spec-
trophotometers at pH 1 (ethanolic 0.1 N hydrochloric acid), ethanol, and
dimethylformamide. The nmr spectra were determined on a Varian Asso-
ciates Model A-60 recording spectrophotometer in trifluoroacetic acid and
heptadeuteriodimethylformamide. Tetramethylsilane (TMS) was used as
the internal standard and all signals are given in parts per million (5) relative
to TMS at 50. Ascending paper chromatography was done on Whatman
No. 1 paper in the following solvent systems: A, n-butyl alcohol-acetic
acid-water (4:1:1); B, n-butyl alcohol saturated with water; C, isopropyl
alcohol-ammonium hydroxide-water (70:5:25). Adenine was used as an
internal standard in all chromatograms; spot locations are expressed as
J’Ad values with adenine at 1.00. All melting points were measured in Pyrex
capillary tubes in a modified Wagner-Meyer apparatus [E. C. Wagner and
J. F. Meyer, Ind. Eng. Chem., Anal. Ed., 10, 584 (1938)] at a heating rate
of 2°/min and are corrected wherever possible. Microanalyses were per-
formed by the Scandinavian Microanalytical Laboratories, Herlev, Denmark,
and Galbraith Laboratories, Knoxville, Tenn.

Sengupta, Chatterjee, Protopapa, and M odest

tetralone was heated for 1 hr (partial solution) at 150-170° (in-
ternal temperature) and then at 180-185° for another 45 min
(complete solution). The heating was continued for 1hrat 190°,
at which point water started evolving and a yellow solid started
separating from the reaction mixture. The resulting solid was
washed with acetone and crystallized directly from dimethyl-
formamide as a colorless, microcrystalline solid, yield 2.6 g (50%),
mp 268-270°. Several further crystallizations from dimethyl-
formamide afforded analytically pure material, yield 2 g (38%),
mp 263-264°, Rai 1.41 (solvent A), 1.69 (solvent B), 1.63 (sol-

vent C).
Anal. cCaled for C,2HIN4 C, 67.90; H, 5.70; N, 26.40.
Found: C, 67.93; H, 5.93; N, 26.49.

Formation of 5a by Disproportionation of 1.— This procedure
was the best of a number of experiments and was run three times.
The purity of the starting material, |,3-diamino-5,6-dihydro-
benzo[/] quinazoline (1), was carefully established by comparison
(paper chromatography, ultraviolet and nmr spectra, mixture
melting point) with an authentic sample of the isomeric 2,4-
diamino-5,10-dihydrobenzo[<7] quinazoline, synthesized from
methyl 2-tetralone-3-carboxylate. Insofar as possible, all of
the following operations, including the crystallizations, were
carried out under a nitrogen atmosphere. A mixture of pure 1
(1.0 g, 0.0047 mol) and 10% palladium-charcoal (0.5 g) in tetra-
lin (20 ml) and 2-(2-ethoxyethoxy)ethanol (45 ml) was refluxed
for 38 hr in a flask equipped with magnetic stirring and an im-
mersion thermometer. The internal temperature was main-
tained at 198-202°. The progress of the reaction was followed
spectrophotometrically by the appearance of XE,«1248, 307, 321,
and 374 nm. The reaction mixture was filtered while hot and the
palladium-charcoal residue was washed with a hot 2:1 mixture
of benzene and 2-(2-ethoxyethoxy)ethanol (300 ml). The com-
bined reaction filtrate and washings (yellow fluorescent solu-
tion) were reduced to one-third volume. The remaining solvent
was removed initially® by vacuum distillation at 84-S6° (inter-
nal temperature) and finally by prolonged evaporative distilla-
tion at 75-140° (0.5-0.7 mm). The colorless distillate (1.4 g)
deposited some unchanged starting material (1, 0.25 g) upon pro-
longed refrigeration. Sublimation of the distillation residue
at 180-190° (0.5-0.7 mm) for 24 hr yielded two distinct bands of
sublimate: a more volatile, nearly colorless fraction (A), and a
less volatile, yellow crystalline fraction (B). Sublimate B was
dissolved in a 1:1 mixture of hot benzene and absolute ethanol
(25 ml) and filtered free of a small insoluble residue. The vol-
ume of the yellow fluorescent filtrate was reduced to 2-3 ml.
Overnight refrigeration afforded yellow needles (5a), yield 99.1
mg (13.2% based on recovered starting material), mp 284-285°.
Two further crystallizations of this solid from absolute ethanol
afforded analytically pure, yellow needles, yield 50.9 mg (6.8%),
mp 284-285°, dried for analysis for 23 hr at 30-50° in vacuo.

Anal. Caled for Ci2H]JON4: C, 68.55; H, 4.80; N, 26.65.
Found: C, 68.49; H, 4.94; N, 26.44.

A mixture melting point of this material with an authentic
sample of 5a prepared by a synthetic route was undepressed
(mp 284-286°) and the two samples had identical ultraviolet
and infared absorption spectra and Raa values: Raa 1-29 (sol-
vent A), 1.17 (solvent B), 1.23 (solvent C).

Fractional crystallization of sublimate A from absolute eth-
anol afforded 49 mg (4.2%) of colorless solid, recrystallization
of which from ethanol gave analytically pure 10 as colorless
needles, mp 116-11S°, molecular formula CisH~NsCh (M + 327
amu). Ether cleavage of 10 with hydriodic acid generated 8.
These data, together with the mass spectrometric fragmentation
behavior of the side chain, confirmed the identity of 10 in sub-
limate A.B5

2,4-Dihydroxybenzo[(?]quinazoline (3a).— A mixture of 2-
amino-3-naphthoic acid (12 g, 0.064 mol), urea (24 g, 0.4 mol),
and solid phenol (60 g) was fused at 180-190° (bath temperature)
for 15 min and then heated under stirring and gentle reflux (air
condenser) for 90 min, after which the resulting melt was cooled
to ca. 70° and absolute ethanol (60 ml) was added cautiously
with stirring. The solid residue was collected and dried, yield
12 g (90%), mp 345-350°, and crystallized (Darco29) from glacial
acetic acid as a colorless solid, yield 10.15 g (77%), mp >360°

(28) A. Rosowsky, P. C. Huang, and E. J. Modest, Abstracts of Papers,
Second Northeast Regional Meeting of the American Chemical Society,
Providence, R. I., Oct 20, 1970, p 83.

(29) Darco G-60 activated carbon, Atlas Chemical Industries, Inc.,
Wilmington, Del.
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(1it.1016 mp 358-359° and 360°). For analysis the material was
recrystallized several times from glacial acetic acid.

Anal. cCalcd for CI2HsN202: C, 67.92; H, 3.80; N, 13.20.
Found: C, 67.65; H, 3.71; N, 13.18.
2.4- Dichlorobenzo(3]quinazoline (4a).-—A mixture of 3a (3.0

g, 0.014 mol), bromobenzene (150 ml, bp 151-152°), and phos-
phorus oxychloride (30 ml) was refluxed for 3 hr. Another 30-
ml portion of phosphorus oxychloride was added and reflux was
continued for another 12 hr. After removal of volatile solvents
under reduced pressure, the residue was poured onto ice and
brought to pH 10 with 1 N sodium carbonate. The aqueous
phase was then stirred for 15 min with the addition of chloro-
form (150 ml) and thoroughly extracted with additional chloro-
form. The combined chloroform extracts were washed with
water and dried. Removal of solvent gave a yellow residue (3
g, 90%), mp 200-204°. This material was sublimed at 160-
165° (0.5 mm) and a lemon-yellow sublimate, yield 2.4 g (66%),
mp 203-204°, was obtained and crystallized from dry benzene as
yellow needles, yield 2.23 g (70%), mp 205-206° (lit.13mp 205°).
For analysis this material was crystallized twice from benzene
and dried at 60° (0.5 mm) for 10 hr. (The material had a
tendency to sublime even at low temperatures.)

Anal. Calcd for C,2HE8N2C12: C, 57.86; H, 2.43; Cl, 28.47;
N, 11.25. Found: C, 57.99; H, 2.57; Cl, 28.11; N, 11.05.
2.4- Diaminobenzo[9]quinazoline (5a) from 4a.— A mixture of

4a (300 mg, 0.0012 mol) and dry ethanol (60 ml) saturated with
gaseous ammonia at 0° was heated at 170-180° for 70 hr in a
stainless steel reactor. A nitrogen atmosphere was maintained
during all subsequent operations, including the crystallizations.
The greenish-yellow reaction mixture was taken to dryness on a
steam bath with the aid of a jet of nitrogen. After extraction
with 5% aqueous sodium hydroxide solution (20 ml) on a steam
bath for 15 min, the greenish-yellow solid was collected, washed,
dried (200 mg, 80%), and crystallized from absolute ethanol by
concentration of the solution with a jet of nitrogen as yellow-
green needles, yield 175 mg (70%), mp 280-282°, negative Beil-
stein test. Several crystallizations from absolute ethanol af-
forded yellow-green needles: yield 65 mg (25%); mp 284-
286° (lit.13-14 mp 285°, 287°); R\d 1.33 (solvent A), 1.14 (solvent
B) , 1.23 (solvent C).

Anal. calcd for CI2H,,N4: C, 68.55; H, 4.80; N, 26.65.
Found: C, 68.34; H, 4.96; N, 26.59.
2-Amino-4-hydroxybenzo[9]quinazoline (6). A. From 2-

Amino-3-naphthoic Acid.— A mixture of guanidine carbonate
(24 g, 0.13 mol) and solid phenol (40 g) was fused at 180-190°
(bath temperature) for 15 min and then 2-amino-3-naphthoic
acid (24 g, 0.064 mol) was added. The mixture was heated under
gentle reflux (air condenser) with stirring for 5 hr. After tri-
turation of the reaction mixture with ethanol (60 ml), the re-
sulting solid material was extracted with refluxing glacial acetic
acid (350 ml). Crystallization of the insoluble residue from 8 N
hydrochloric acid yielded 6 HC1 (4 g, 25%), no melting point
below 320°. The hydrochloride (500 mg) was stirred with 10
ml of concentrated ammonium hydroxide for 1 hr at room tem-
perature and the resultant yellow solid material (6) (300 mg) was
crystallized from dimethylformamide: yield 100 mg; mp

>330°;, Raa 1-46 (solvent A), 1.45 (solvent B), 1.18 (solvent
Cc) .

Anal. calcd for C2HIND: C, 68.24; H, 4.30; N, 19.89.
Found: C, 68.05; H, 4.89; N, 19.87.

B. By Acid Hydrolysis of 5a.— A solution of 2,4-diamino-
benzo[g] quinazoline (5a, 100 mg, 0.48 mmol) in 6 N hydro-
chloric acid (25 ml) was heated under reflux for 1hr. The yellow
reaction mixture started depositing white needles after. 0.5 hr
and the color of the solution was gradually discharged. The
crystals were collected and dried, yield 100 mg (90%), no melt-
ing point below 350°. This material was stirred with concen-
trated ammonium hydroxide (10 ml) for 5 min, collected, washed
with warm water, and dried as a bright yellow solid, yield 90
mg (80%), no melting point below 350°, identical with 6 pre-
pared by procedure A.

4-Hydroxybenzo[g] quinazoline (3b).— A mixture of 2-amino-
3-naphthoic acid (5 g, 0.027 mol) and formamide (2.5 g, 0.056
mol) was fused at 150-155° (internal temperature) in a beaker
for 10 min with constant hand stirring to prevent formation of
any lumps in the melt. Another portion of formamide (2.0 g,

O. 44 mol) was added and the heating at 150-155° was continued

for 4 hr with occasional stirring to keep the mass in a thin, pasty
form. The reaction mixture was stirred with cold water (50
ml) and the slurry was filtered. Several crystallizations of the
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residue (4.6 g, 83%) from glacial acetic acid, the first with
Darco, afforded colorless needles, mp 279-280° (lit.llmp 278°).

Anal. cCalcd for C2H8N2: C, 73.46; H, 4.11; N, 14.28.
Found: C, 73.21; H, 4.42; N, 14.15.

4-Chlorobenzo []quinazoline (4b).— A fine suspension of 3b
(4 g, 2.04 mmol) in 200 ml of chlorobenzene was refluxed for 34
hr with 25 m1l of freshly distilled phosphorus oxychloride. The
red solution was cooled, filtered through a sintered glass funnel,
and poured into an aqueous suspension (400 ml) of sodium car-
bonate (30 g) and calcium hydroxide (30 g) containing crushed
ice. After 30 min of stirring, the chlorobenzene layer was sep-
arated and the aqueous alkaline layer (pH 8) was extracted three
times with chloroform. The combined organic extracts were
washed with water (10 ml) and dried. The solvents were re-
moved and the residue, yield 2.8 g (68%), mp 176-178°, was
sublimed at 180-190° (0.5-0.7 mm), yield 1.9 g (45%) of yellow
sublimate, mp 177-179° (litll mp 179°). Several crystalliza-
tions from benzene yielded analytically pure yellow needles,
mp 178-179°, in 40% overall recovery, R\d 1-86 (solvent A),
1.70 (solvent C).

Anal. cCalcd for CI2H,N2C1: C, 67.14; H, 3.29; Cl, 16.52;
N, 13.05. Found: C,67.55; H, 3.36;Cl, 16.56; N, 12.97.

4-Aminobenzo[<7]quinazoline (5b).— Amination of 4b (400
mg, 1.9 mmol) by a procedure similar to that employed in the
amination of 4a (except that a nitrogen atmosphere was not neces-
sary) afforded 300 mg of crude 5b, mp 324-331°, which was
halogen-free. Sublimation at 140-180° (0.5 mm) gave a yel-
low sublimate, yield 180 mg (50%), mp 335-338°. Three
crystallizations from absolute ethanol yielded yellow needles,
120 mg (34% overall yield), mp 337-338° (lit. mp 363°,11>12 ca.
365° decis).

Anal. cCalcd for C2HN3: C, 73.83; H,
Found: C, 73.62; H, 4.64; N, 21.61.

Isolation of 3-Aminobenzo[/] quinazoline (7) and I-Hydroxy-3-
aminobenzo[/] quinazoline Hydrochloride (8 HC1) on Dehydro-
genation of 1— An intimate mixture of 1 (800 mg) and 10% pal-
ladium-charcoal (70 mg) was placed in a Heymann's apparatus
and heated in a metal bath at 270-300° under a slow stream of
nitrogen. The evolved gases were found to contain ammonia
throughout the reaction period of 1 hr. The yellow sublimate
that had deposited on the cold finger was collected and the residue
containing the catalyst was extracted with dimethylformamide.
The total solid material obtained (430 mg, 53%) was sublimed
at 120-150° (0.5 mm) and the sublimate, on crystallization from
absolute ethanol, yielded 1 (100 mg), mp 260-262°, X ,1 272
nm. The residue in the sublimation tube on further sublima-
tion at 170-180° (0.5 mm) furnished a yellow solid (180 mg,
23%), mp 201-205°.

The latter sublimate (170 mg) was dissolved in 150 ml of warm
O. 5 N hydrochloric acid and chromatographed on a column
Dowex 50W-X8 (H+) cation exchange resin, 100-120 mesh
(column volume 6.5 ml in a 50-ml buret). Elution with 2 N
hydrochloric acid (the progress of the elution being monitored
by the absorbance of the characteristic 291-nm peak) gave 30
mg of white solid which on treatment with dilute (1:3) aqueous
ammonia (30 ml) at room temperature furnished a yellow solid
(15 mg). Crystallization from absolute ethanol gave yellow
solid (12 mg), mp 263-264° dec, Rxd 1.80 (solvent A), 1.81 (sol-

4.65; N, 21.52.

vent B), 1.72 (solvent C). A mixture melting point of this
sample with authentic 7 prepared in this laboratory was unde-
pressed. 3l

Anal. calcd for CI2H,N3: C, 73.83; H, 4.65; N, 21.53.

Found: C, 73.54;H, 4.61; N, 21.59.

Further elution with 4 N hydrochloric acid afforded colorless
material (60 mg, X™i 5.85 ju> which was redissolved in warm 4 N
HC1, filtered, and refrigerated. Colorless needles of 8 HC1
were collected, yield 35 mg, no melting point below 360°, RAd
1.78 (solvent B), 1.43 (solvent C). (The mother liquor afforded
another 15 mg of product on evaporation.)

Anal. cCcalcd for CHINIPHC1: C, 58.19; H, 4.07; CI,
14.32; N, 16.96. Found: C, 58.5S; H, 4.21; CIl, 13.87; N,
16.60.

The free base of 8 from this analytical sample was identical
with free base from authentic 8-y2CH3COOH prepared previ-
ously.2

3-Amino-1l-hydroxy-5,6-dihydrobenzo [flquinazoline (9.)— So-
dium nitrite (500 mg, 7.2 mmol) in water (2 ml) was added drop-
wise at 5-10° to a stirred solution of 1,3-diamino-5,6-dihydro-
benzo[/lquinazoline (1, 500 mg, 2.35 mmol) in 4 N hydrochloric
acid (80 ml). The reaction mixture was stirred for an addi-

of
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tional 0.5 hr at 5-10° and then at room temperature for 16 hr.
The white solid that separated was collected and combined with
additional material obtained on concentration of the filtrate to
ca. 10 ml. The combined solids were stirred with 4 N ammo-
nium hydroxide for 30 min. A greyish-white solid was obtained:
yield 300 mg (60%); no melting point below 330°; X~f 6.0 and
6.1 ii. Several crystallizations from 25% acetic acid yielded 100
mg (20%) of off-white solid, no melting point below 340°,
R\d 1-79 (solvent A), 1.77 (solvent B), 1.46 (solvent C).

Anal. cCalcd for CiZHhRN®D: C, 67.59; H, 5.20; N, 19.71.
Found: C, 67.38; H, 5.25; N, 19.79.
1.3-Dihydroxy-5,6-dihydrobenzo[/j quinazoline.3— The pre-

ceding nitrosation of 1 was carried out under forcing conditions
(with twice the ratio of nitrous acid and at 40-50° for 5 hr) and
the reaction product was triturated with hot water and crystal-
lized successively from 25% acetic acid and 95% ethanol (Darco).
In addition to 9, another compound was isolated as off-white
crystals: yield 60 mg; mp 342-345°; X™H303 nm («9150), 253
(15,400); X tr 294 nm; X™ 5.78, 6.1 M

Anal. cCalcd for CI2HIN202: C, 67.27; H, 4.70; N, 13.08.
Found: C, 67.12; H, 4.86; N, 13.15.

3-Amino-l-hydroxybenzo[/]quinazoline  Hydrochlorides (8
HC1).— A mixture of 3-amino-lI-hydroxy-5,6-dihydrobenzo[/]-
quinazoline (9, 90 mg, 0.39 mmol) and 5% palladium-charcoal
(30 mg) was heated slowly in a Heymann's apparatus (nitrogen
flow) from 210 to 320° and then kept for 1.5 hr at 300-320°.
The sublimate on the cold finger (20 mg, 22% ) was purified twice
by dissolution in 2 N hydrochloric acid and precipitation with
ammonia. Crystallization from 9 N hydrochloric acid yielded
white needles of 8 HCI: yield 10-11 mg (10%); no melting
point below 360°; Raa 1-70 (solvent A), 1.78 (solvent B), 1.43
(solvent C). The material was identical with the sample of
8 HCI obtained by solid state dehydrogenation of 1.

2.4- Diamino-5,6-dihydrobenzo[/i] quinazoline (11a).— A mix-

ture of 1-tetralone (1.46 g, 0.01 mol), dicyandiamide (1.26 g,
0.015 mol), and Triton B (0.1 ml, as catalyst) was heated for
5.5 hr at 195-201° (internal temperature). A clear solution
resulted in 25 min and solid started to depositshortly thereafter.
The yellowish semisolid mixture was evaporated to dryness.
Trituration with 4 ml of 3 N hydrochloric acid yielded solid,
231 g (55%). Crystallization from 1 N hydrochloric acid
(Darco) gave colorless needles (46% recovery), which darken and
shrink somewhat above 245° but do not melt below 310°. lle-
crystallization from 50% ethanol afforded analytically pure color-
less needles, no melting point below 310°.

Anal. Calcd for CXHI2N4=HCI-HD : C,
Cl, 13.29; N, 21.01. Found:
21.12.

Basification of an aqueous solution of 1la HCI with sodium

54.03; H, 5.67;
C, 53.90; H, 5.69; Cl, 13.41; N,

hydroxide gave 1la (58% vyield). Crystallization from 50%
ethanol (Darco) yielded analytically pure colorless plates mp
207-209°.

Anal. Calcd for CXHIN4 C, 67.90; Il, 5.70; N, 26.40.
Found: C, 67.74; H, 5.75; N, 26.36.

2.4- Diaminobenzo[ii] quinazoline (12).
ture of 2,4-diamino-5,6-dihydrobenzo[filquinazoline (1l1a, 1.0 g,
47 mmol) and sulfur (0.23 g, 71 g-atoms) was heated for 0.5 hr
in an open test tube at 210-280° (bath temperature). The dark
brown, glassy melt was pulverized and purified by high vacuum
sublimation at 200-220° (0.005-0.001 mm) as a yellow crystal-
line sublimate, yield 0.25 g (25%), mp 262-275°. One more
sublimation afforded analytically pure yellow prisms, mp 273-
277°.

Anal. Calcd for CXHION4 C, 6855, H, 4.S0; N.
Found: C, 68.52; H, 4.64; N, 26.30.

B.— An intimate mixture of 1l1a (0.5 g, 2.3 mmol) and 10%
palladium-charcoal (800 mg) was introduced into a metal bath at
200°, slowly heated to 265°, and then maintained at 265-285°
for 35 min. A dimethyl sulfoxide extract of the reaction mix-8

26.65.

(30) This experiment was performed by Miss S. Karin Tinter.

A.—An intimate mix-
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ture was filtered, concentrated on a steam bath, and triturated
with a 1:1 mixture of ether-benzene. The residue (210 mg, 43%)
was sublimed twice at 250-260° (0.5-0.7 mm). A yellow solid,
yield 30 mg (6% ), mp 275-277°, was obtained, identical with the
sample of 12 prepared by method A.

2,4-Diamino-6-methyl-5,6-dihydrobenzo[fc]quinazoline (lib).
— A mixture of 4-methyl-l-tetralone (1.60 g, 0.01 mol),
dicyandiamide (1.26 g, 0.015 mol), and Triton B (0.08 ml) was
heated for 5 hr under nitrogen at 194-204° (internal tempera-
ture). A complete solution was not observed at any time. The
syrupy reaction mixture was triturated with acetone, yield 0.7
g (31%) of crude tan solid. The mother liquor was evaporated
and triturated with ether, yield 1.13 g (15%) of tan crystalline
solid. Part of the crude solid, 1.1 g, was dissolved in 80 ml of
95% ethanol (Darco) and the volume of the yellow filtrate was
reduced to 4-5 ml. After overnight refrigeration the solid was
collected as yellowish rods (0.69 g, 63% recovery), mp 217-
222°. Two more crystallizations from 95% ethanol afforded
analytically pure, pale yellow plates, mp 223-227°.

Anal. cCalcd for CXHXN4: C, 69.00; H, 6.24; N, 24.76.
Found: C, 68.77; 11, 6.51; N, 24.48.
2.4- Diamino-5,6-dihydrothieno[2,3-h] quinazoline
mixture of 4-keto-4,5,6,7-tet,rahydrothianaphthene (9.12 g,

0.06 mol) and dicyandiamide (7.56 g, 0.09 mol) was heated for 5
hr at 182-200° (internal temperature). The reaction mixture
was triturated with acetone to obtain yellow crystals (5.41 g).
The mother liquor, on evaporation and trituration with ether,
yielded 7.7 g of yellow crystalline solid. Crystallization from
95% ethanol (Darco) afforded 6.97 g (63% yield) of off-white
crystals. Recrystallization once more from 95% ethanol (re-
covery 59%) and finally from 50% aqueous ethanol gave the
analytical sample, mp 240-246°.

Anal. cCalcd for CXHxN4S: C, 55.02; H, 4.62; N, 25.67; S,
14.69. Found: C, 54.97; H, 4.86; N, 25.56; S, 14.57.

2,4-Diaminothieno[2,3-iilquinazoline (14).— An intimate mix-
ture of 13 (328 mg, 15 mmol) and sulfur (73 mg, 22.5 g-atoms)
was heated for 0.5 hr at 231-278° (bath temperature). The
brown crystalline solid was dissolved in 100 ml of 95% ethanol
and filtered, and the volume was reduced to 15 ml. After over-
night refrigeration, the yellow prismatic solid (230 mg, 71%)
melted at 305-308° dec. Recrystallization from 95% ethanol
afforded analytically pure yellow rods, mp 320-322° dec.

Anal. Calcd for CXH&N4S: C, 55.53; H, 3.73; N, 25.91; S,
14.83. Found: C, 55.33; H, 3.72; N, 26.11; S, 14.87.
2.4- Diaminoindeno [1,2-d] pyrimidine (15).— Dicyandiamide

(0.84 g, 0.01 mol) and 1-indanone (1.98 g, 0.015 mol) was heated
for 6 hr at 173-187° (internal temperature). Trituration of the
glassy solid with warm acetone afforded a tan powder (1.3 g,
66%) which was crystallized from methanol as yellow prisms
(69% recovery), mp 274-277°. Crystallization from 14 ml of
0.1 N hydrochloric acid (78% recovery) and then from water gave
analytically pure pale yellow needles of the monohydrochloride,
which decompose at 355°.

Anal. cCalcd for CXHIN4-HC1; C, 56.29; H, 4.72; CI,
15.11; N, 23.87. Found: C, 56.40; H, 4.60; Cl, 15.00; N,
23.50.

Registry No.— 1, 16061-72-6; 3a, 33986-99-1; 3b,
33987-00-7; 4a, 33987-01-8; 4b, 33987-02-9; 5a,
33987-03-0; sb, 33987-04-1; 6,33987-05-2; 7,7066-18-
4; 8 HCI, 33987-07-4; 9, 33987-08-5; 10, 33987-09-6;
11a, 33987-10-9; 11a HCI, 33987-11-0; 1ib, 33987-12-1;
12, 33987-13-2; 13, 33987-14-3; 14, 33987-15-4;
15 HCI, 33987-16-5; 1,3-dihydroxy-5,6-dihydrobenzo-
[/{dquinazoline, 33987-17-6.
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The preparation of a-methyl ketone jV,A%iV-trimethylhydrazonium iodides (3) and fluoborates (4) is de-

scribed.

The pyrolysis of 4 affords predominately 2,6-diarylpyridines (5).

The mechanism, which resembles

the Hantzch synthesis, is proposed for the construction of the pyridine ring with the y carbon arising from the
trimethylamine moiety; this proposed pathway is substantiated by the pyrolytic mass spectral, radiolabeling,

and product analysis data.

2,6-Diphenylpyridineslb’2 and fused-ring pyridines3
have been prepared by pyrolysis of a-methylenic
ketone  A,AA-trimethylhydrazonium fluoborates.
The details for syntheses of these quaternary salts
and the mechanism for this unusual reaction are the
subject of the present paper.

Although there are many synthetic schemes describ-
ing the preparation of 2,6-diarylpyridines4 (5), most
studies of related reactions have been limited by tech-
nical difficulties associated with isolation of the de-
sired isomer or in preparation of the starting materials.
The best preparative method of 5 is arylation of the
pyridine nucleus with organometallic reagents.5 An
alternative less advantageous route to 2,6-disubsti-
tuted pyridines is the in situ generation of the pyridine
nucleus from aldehydes and/or ketones with a source of
ammonia.4° Cyclizations of this type are well known,
but they often produce complex mixtures with low
yields of any single isomer. The present work in-
volves a similar ring construction reaction, except that
a single 2,6-disubstituted pyridine nucleus is generated
from the pyrolysis of a-methylenic ketone N,N,N-
trimethylhydrazonium fluoborates.

The chemistry of these and related quaternary hy-
drazonium derivatives have been neglected except for
some sporadic work which demonstrates the unusual
sensitivity of this class of compound toward various
reaction conditions. For example, acetophenone N,N,-
A-trimethylbydrazonium iodide (3a) underwent a
Neber-type reaction when subjected to protic base,6
gave 2.4-diphenylpyrrole when treated with methyl-

(1) (a) Some of the preliminary results have been presented earlier: D.
L. Fishel and G. R. Newkome, Abstracts, 153rd National Meeting of the
American Chemical Society, Miami Beach, Fla., April 1966, ORGN-204,
and G. R. Newkome, Abstracts, Southeast-Southwest Regional Meeting of
the American Chemical Society, New Orleans, La., Dec 1970, ORGN-358.
(b) Preliminary communication: G. R. Newkome and D. L. Fishel, Chem.
Commun., 916 (1970). (c) Louisiana State University. Submitted to Kent
State University by G. R. N. in partial fulfillment for the Ph.D. degree,
1966. (d) Kent State University.

(2) D. L. Fishel and G. R. Newkome, J. Amer. Chem. Soc., 88, 3654
(1966).

(3) G. R. Newkome and D. L. Fishel, J. Heterocyd. Chem., 4, 427 (1967).

(4) (a) F. Brody and P. R. Ruby, “Pyridine and Its Derivatives,” Part I,
pp 99-589; (b) L. E. Tenenbaum, “Pyridine and Its Derivatives,” Part IlI,
E. Klingsberg, Ed., Interscience, New York, N. Y., 1961, pp 155-298.

(5) See (a) H. Gilman and J. T. Edward, Can J. Chem., 81, 457 (1953);
(b) C. G. Overberger, J. G. Lombardino, and R. G. Hiskey, J. Amer. Chem.
Soc., 79, 6430 (1957); (c) D. Bryce-Smith and A. C. Skinner, J. Chem. Soc.,
577 (1963).

(6) (@) P. A. S. Smith and E. E. Most, Jr., J. Org. Chem., 22, 358 (1957).
(b) Other examples of this transformation have been documented: R. F.
Parcell, Chem. Ind. (London), 1396 (1963); D. F. Morrow and M. E. Butler,
J. Heterocyd. Chem., 1, 53 (1964); D. F. Morrow, M. E. Butler, and E. C.
Y. Huang, J. Org. Chem., 30, 579 (1965).

sulfinyl carbanion or sodium isopropoxide7 and gave
phenyl n-hexyl ketone when subjected to rc-butyl-
lithium in hexane.8 Pyrolysis of neat 3a was reported
by Smith and Most6* to show no change until a deep-
seated decomposition took place; no organic compounds
were isolated from the tarry residue. Repetition of
this pyrolysis (3a), in our hands, initially corroborated
these gross observations.2 Substitution of fluoborate
for iodide as counterion changed the reaction course
drastically; then, 2,6-diarylpyridines were isolated as
the principal products.

In the present investigation, the influence of counter-
ions and changes in reaction conditions were studied
toward understanding the reaction mechanism.

Results

AMA-Dimethylhydrazones.—Most ketones react di-
rectly with anhydrous A,A-dimethy]hydrazine to give
excellent yields of the corresponding A,A-dimethyl-
hydrazones9 (Table 1). Catalysts other than excess
A,A-dimethylhydrazine are unnecessary, although
several drops of glacial acetic acidl0 have been shown
to facilitate this conversion. In general, minimal
difficulties were encountered except for 7-nitro-I-
tetralone3 and 4'-nitroacetophenone,9' for which other
reaction products were obtained without mineral acid
catalysis.

N,A,A-Trimethylhydrazonium lodides.— The qua-
ternization of ketone N,A-dimethylhydrazones with
alcoholic methyl iodide afforded the corresponding
A/AIA-trimethylhydrazonium iodides (Table I). The
facile preparation of these methiodides has been pre-
viously described in detail for aldehydesll and
ketones.36' 12° Preparative difficulties experienced
herein on attempted quaternization with methyl iodide
were encountered when other nitrogen functions were
present on or in the aromatic nucleus. 3'- or 4'-
Nitroacetophenone A.A-dimethylhydrazone gave only
a complex mixture of resinous tars from which the
desired quaternary product was not obained. Prep-
aration of 2- and 4-acetylpyridine ANA”N-trimethyl-
hydrazonium iodide gave a mixture of the pyridinium

(7) S. Sato, H. Kato, and M. Ohta, Bull. Chem. Soc. Jap., 40, 2936 (1967);
S. Sato, ibid., 41, 1440 (1968).

(8) G. R. Newkome, Chem. Commun., 1227 (1969).

(9) (@) G. R. Newkome and D. L. Fishel, 3. Org. Chem., 31, 677 (1966);
(b) Org. Syn., 50, 102 (1970).

(10) R. H. Wiley and S. H. Chang, J. Med. Chem., 6, 610 (1963).

(11) R. F. Smith and L. E. Walker, J. Org. Chem., 27, 4372 (1962).

(12) (@) W. Theilacker and O. R. Leichtle, Justus Liebigs Ann. Chem.,
572, 121 (1951); (b) A. Roe, Org. React., 5, 193 (1949).
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Table 1
+ R
RH 2k RH2ZC ANMe* rhzx __-NMe3 RHZC. ~ANMe3 n
aP ° Arn Ar ro. a > N bf4 ,
3 4 Ar
i 2 5
Yield, Yield, Yield, Yield,
Ar R Bp, °C (mm) MW (°C) % Mp, °Cb % Mp, "CI1 % Mp, °C %
a CJL H 55-56 (0.15) 1.5443(26) 92 146-147"* 87 153-154 96 82-83" 55
b S'-CH-rCsH, H / 151-152 72 128-130 79 64-65 30
C 4-CH3Xa6H4 H f 159-160 83 159-160 78 165-166*" 42
d 4-FCeH4 H f 155-156 90 120-121 87 94-95 h
e 4'-ClCeH4 H / 145-146 81 146-147 83 155-156 42
f 4'-BrCad4 H / 153-154 72 151-153 75 185-186 39
g 4'-CH3OCaH4 H f 152-153 78 146-147 92 197-198 42
h 3'-NoxeH4 H f 0
i 4'-NO02X6H4 H f 0
j 5-Indanyl H f 179-180 93 151-152 97 162-163 42
k 2-Naphthyl H 115-119(0.10) 1.6324(20) 90 185-186 67 178-179 92 169-170 21
1 céens ch3 4.5-46 (0.10) 1.5311(22) 91 153-156 84 110-111* 82 136-137' 56
m cobh 6 CH3XH2 5.5-56 (0.25) 1.5236(20) 96 128-130 92 ~80* 48 146-147 47
n 2-Pyridyl H 44-45(0.20) 1.5460(26) 88 155-156 61 164-165 84
0 2-(6-Picolyl) H 53-54 (0.10) 1.5370 (26) 95 168-169 39 172-174 87 164-165 47
P ct5 céh 3 117-118(0.25) 1.5864 (20) 95 123-124 84 1 0

“ Satisfactory analytical data (x0.4% for C, H, and N) were reported for all new compounds in this table:

points were taken in sealed capillaries.
points, except where noted. dLit.6'mp 145-146° dec.
data. OPicrate mp 176°;
not calculated.
preparation.

' Decomposition above 150°.

salt and the diquatemary methiodide; separation was
attempted on 3n only. This difficulty could be easily
circumvented by blocking the pyridine nitrogen with
a bulky 6-methyl group, thus hindering pyridinium
salt formation. Ortho substituted (e.g., 2'.4'-di-
methyl-) acetophenones, as well as partially hindered
A,A-dimethylhydrazones, underwent slow quaterni-
zation with refluxing anhydrous methanolic methyl
iodide with extended reaction times and usually re-
sulting in lower yields. The use of methyl p-toluene-
sulfonatell to quaternize acetophenone A,A-dimethyl-
hydrazone gave the desired product.

N, A,A-Trimethy]hydrazonium Fluoborates. —Most
ketone A,AA-trimethylhydrazonium iodides were
easily converted to the corresponding fluoborates
(Table 1). Preparation of the N,V V-lrimethylhy-
drazonium fluoborates is quite analogous to formation
of aromatic diazonium fluoborates as in the Schie-
mann reaction.”23 The stable ketone A A A-tri-
methylhydrazonium fluoborates (4) immediately start
to precipitate from a hot (ca. 100°) aqueous solution of
the corresponding methiodide upon addition of an
aqueous sodium fluoborate solution. Most of these
fluoborates, 4, melt sharply in vacuo without spon-
taneous decomposition (unlike the corresponding meth-
iodides) but they do decompose slowly on prolonged
heating at temperatures just above their melting points.

The main difficulty associated with the conversion
of the methiodides into the corresponding fluoborates
was concurrent hydrolysis. Acetophenone A ,AA-
trimethylhydrazonium iodide (3a) rapidly underwent
base-catalyzed hydrolysis6t13 to regenerate the orig-
inal ketone and the water soluble N,N,N-trimethyl-
hydrazinium iodide. The hydrolysis during conver-

(13) M. Avaro, J. Levisalles, and H. Rudler [Chem. Commun., 445 (1969)]
have taken advantage of this facile hydrolysis after use of iV.A-dimethyl-
hydrazones as protection for aldehydes and ketones.

Ed. 6 Decomposition

e The decomposition points (separated into two layers) were normally 20-30° above the melting
Lit.Bmp 82°;
M. Scholia and A. Wiedemann [Ber., 36, 845 (1903)] reported mp 162° and picrate mp 174°.
‘Lit.2 mp 134-135°.

picrate mp 171° (lit.2mp 169°). 1 See ref 9a for the physical

hyield was

* Decomposition above 170°. 1Hydrolysis occurred during

sion of 3 to 4 in the present study could in some in-
stances be minimized by rigorously controlling the pH
of the aqueous sodium fluoborate solution. Aqueous
solutions of technical sodium fluoborate had a pH of
ca. 4, which explains the accelerated rate of hydrolysis
of certain quaternary hydrazonium iodides. The
addition of dilute sodium hydroxide to this sodium
fluoborate solution (to a pH of 7.0) resulted in excel-
lent yields for most conversions.

The ketone A,A,A-trimethylhydrazonium iodides,
with a benzyl group attached to the >C—N group
(e.g., 3p), were rapidly hydrolyzed to the ketones even
when treated with the neutral fluoborate solution. The
increased rate of hydrolysis for these compounds is
probably due to the facile tautomerization to the en-
amine, which is known to hydrolyze easily.4

Pyrolysis of Quaternary Hydrazonium Derivatives. —
In this study all ketone A,A,A-trimethylhydrazonium
fluoborates (4) contained an a-methylene to >C==N,
and were pyrolytically decomposed at temperatures
above their melting points either in vacuo, suspended
in inert solvents, or in a dry nitrogen stream. The
tarry residues gave 30-60% of the symmetrically di-
substituted pyridine.

The pyrolysis conditions for most fluoborates 4 can
be varied considerably with little effect on the overall
yield of the pyridine products. When acetophenone
A,A/A-trimethylhydrazonium fluoborate (4a) was py-
rolyzed in a high vacuum system, 2,6-diphenylpyridine
can be isolated, but, in light of the violently exothermic
character of this reaction and rapid evolution of gases,
this method was quite limited to sample size. Py-
rolytic decomposition of 4a by suspension in an “inert”
refluxing solvent (i.e., cumene, bp 150-155°) offered

(14)
82, 1786 (1960)] reported the facile hydrolysis of a-dimethylaminostilbene
to generate deoxybenzoin.

C. R. Hauser, H. M. Taylor, and T. G. Ladford [J. Amer. Chem. Soc.,
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no apparent advantage, since the hydrazonium fluo-
borates were not appreciably soluble in nonpolar sol-
vents even at elevated temperatures. The prolonged
refluxing of these fluoborates (4) in lower boiling solvents
(e.g., ethanol) has been shown to give negligible yields
of the pyridine derivatives.l5 Other solvents were not
investigated due to the possible occurrence of unde-
sirable side reactions as was observed with benzalde-
hyde. The pyrolysis of 4'-methoxyacetophenone N,N,~
iV-trimethylhydrazoniuin fluoborate (4g) in refluxing

acetophenone, which was formed by simple conden-
sation.

The general method for these exothermic pyrolysis
reactions, adopted in order to isolate the gases liberated,
was decomposition of a “train” 16 of the fluoborate,
4. The fluoborate closest to the nitrogen inlet was
carefully heated, until decomposition commenced;
the nitrogen swept the amine gases and inorganic
sublimates into the series of cold traps. After the
initial reaction, the residual tar in the pyrolysis tube
was heated to 200-250° for several additional minutes.

Pyrolysis of 4a in this mannerl6 gave a white subli-
mate which was identical with an authentic sample of
ammonium fluoborate. The trapped gases were bub-
bled through an ethereal methyl iodide solution from
which tétraméthylammonium iodide precipitated. To
distinguish between alkylation of ammonia and/or
any of the methyl amines, the carrier gas was passed
through a saturated hydrogen chloride ether solution;
a mixture of hygroscopic amine hydrochlorides pre-
cipitated. The nmr spectrum of this amine hydro-
chloride mixture showed the presence of three major
singlets corresponding to the proton resonances for
ammonium chloride, dimethylamine hydrochloride
(6 2.84, NCH3 and trimethylamine hydrochloride
(5 2.96, NCH3J3; there was no (<0.5%) evidence for
methylamine hydrochloride (52.70, NCH3.

The residual tar from the pyrolysis of 4a was ana-
lyzed by glc and tic, both of which indicate one major
product, 2,6-diphenylpyridine, along with traces of
acetophenone and  2,6-diphenyl-3-methylpyridine;
these are the only identifiable organic products.

The major product from pyrolysis of 41 was 2,6-
diphenyl-3,5-dimethylpyridine, thus indicating that
no rearrangement of the 3-carbon side chain had oc-
curred during pyrolysis. This result suggested that
the y carbon (C4 of the newly formed pyridine ring
is derived from the trimethylamine moiety. The
mass spectrometric studies suggest that there is a
substantial amount of N-N cleavage as a primary

(15) R. Widmer, K. S. U., private communication.
(16) The “train” was composed of a horizontal Pyrex tube fitted with an
inlet for an inert gas, followed by a series of traps cooled in liquid nitrogen.
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process for the cation during pyrolysis of the fluoborates.
This is indicated by a strong 59 m/e ion peak, pre-
sumed due to trimethylamine, in the low voltage spec-
trum of 4a (Table I1). This route could represent a

Table 1l
Partial Low Voltage” Mass Spectrum of 4a

Rel Rel

m/e intensity m/e intensity

45 112 c2h,n 142 5

58 6 143 3

59 68 ch S 147 1

60 3 148 1
104 2 149 2
106 2 162 10 c ioh mn 2
119 19 c 6h 9 231 120 m +,c 1h 1h
120 2 232 19
128 3 233 3
130 1 244 3
131 7 c%h 245 7 c 18n itn
132 1 246 2

0 12 eV operating voltage.

reaction competitive with those leading to pyridine
ring formation or might be a necessary preliminary
step before transfer of carbon (destined to be the pyr-
idine 7 carbon) from the trimethylamine moiety to
the acetophenoniminium residue, i. Intermolecular

INMe,
1T N+
(gr™ K, CH3 + NMe3
(m/e 118) (m/e 59)

alkyl exchange between a quaternary salt and a ter-
tiary aminel7 is a reasonably facile reaction at these
temperatures.

Radiolabeling experiments were then conducted
to test the hypothesis that the pyridine 7 carbon is
constructed from the trimethylamine moiety. Py-
rolysis of 4a-N-UC afforded the labeled 2,6-diphenyl-
pyridine, in which the theoretical one-third incor-
poration was experienced. Other 1C sources (N,N,N-
trimethylhydrazinium-4C fluoborate and tétraméthyl-
ammonium fluoborate) were used; negligible incor-
poration of the radiolabel was experienced. The overall
conclusion is that intermolecular radiolabeling did not
occur to any appreciable extent in these experiments,
suggesting either that the incipient 7 carbon is trans-
ferred intramolecularly within the ketone N,N,N-
trimethylhydrazonium fluoborate or that separation
of the trimethylamine moiety before transfer of carbon
is insufficiently complete to allow significant exchange
with other quaternary nitrogen derivatives. The
latter result would also be observed if one carbon on
the leaving trimethylamine moiety was chemically
different, incapable of simple exchange and was in fact
the incipient 7 carbon of the pyridine ring.

Several experiments were conducted in which mix-
tures of two different ketone A,A,A-trimethylhydra-
zonium fluoborates were pyrolyzed to determine the
extent of formation of unsymmetric 2,6-diarylpyridines.
For equimolar mixtures of 4a and 4g, the molar product
distribution was 1:2:1 of 2,6-diphenylpyridine, 2-

(17) S. Hunig and W. Baron, Chem. Ber., 90, 395 (1957).
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Table 111

M ass Spectral Data for the Acetophenone Derived Sequence”

mle 5a 4a 3a6 2a mle Sa
247 4 153 2
246 5 152 2
245 1.6' 6 148

244 4.0 5 147

233 2.4 3.0 8 146

232 27.5 16 10 142

231 100d 100d 61 140

230 70 50 30 133

229 5 4 132

228 7 4 131

227 1 1 130

219 2 129

218 3 128 3.2
217 5 127 6.2
215 1 126 2.7
208 2 121 1.5
207 7 10 120

206 1 119

204 2.7 2 118

203 3.0 3.0 117

202 7.1 6 6 116 2.9
201 1 115.5 13
178 1 115 5
177 1 1145 5
176 1* 114 7.6
163 9 10.3 107

162 23 100 106 2.3
161 6 7.6 105

160 33 104

159 35 103 2.3
158 10 102.5 2
154 4 5 6 102 12

“ Direct insertion method at 200° inlet temperature, 70 €V, 100 NA.

4a 3a 2a me 5a 4a 3a 2a
1 101 5 3
1 100 1
2.3 91 1.3 4.3
21.7 90 5
8 1.2 89 2.3 8
100 88 2 2
5 81 1.7
5 2 80 2.5
2 11 18.7 79 5 55
3 10 3.0 78 1.5 4 10 10
2 10 2.0 Va4 6.4 14 41 40
5 76 3.2 7 10 5
61 75 2 3 5 2
45 74 1.2
71
63 15 6 2
1 5 2.5 59 10
8' 19 6.0 58 20 52
2 14 18 57 2 5
7 2 54 1.5
2 7 52 1.2 1 5 2
1 6 51 4.0 7 17 14.7
6 1 50 1.8 2 8 5
3 49 21
6 5 48 2
7 45 18 20
1 6 8 44 15 30 15 35
2 13 15 43 6 33 7
0% 52 13 42 10 8 16
3% 26 11 1 1.1 2 31 3
40 4 2
6 23 1.3 39 1.6 3

60ther fragments: m/e (rel intensity) 399 (2), 397 (2), 396 (4),

385 (5), 384 (2), 383 (2), 382 (2), 373 (4), 372 (5), 371 (4), 370 (3), 359 (3), 358 (4), 357 (5), 356 (6), 346 (8), 322 (5), 321 (8), 308 (5), 307

(5), 306 (2), 263 (5), 261 (5), 260 (5), 259 (4);
found 245.12057). dHigh resolution data: CnHuUN

176.13134, found 176.13153). f High resolution data:
(calcd 119.07349, found 119.07339). *‘ High resolution data:

ions of relative intensity >2% .
(calcd 231.10479, found 231.10472).
CO9HON (calcd 131.07350, found 131.07374).
CMHEN (calcd 104.05002, found 104.04945).

CHigh resolution data: Ci8HiaN (calcd 245.12044,
' High resolution data: ClIH1GN 2 (calcd
« High resolution data: CsHgN

; High resolution data:

C8H7 (calcd 103.05477, found 103.05311) and C7HIN (calcd 103.04220, found 103.04242).

2 -phenyl- 6- (4- methoxyphenyl)pyridine, and 2,6-di-
(4-methoxyphenyl) pyridine, respectively. This sta-
tistically expected product distribution was not ob-
served from pyrolysis of intimate mixtures of 4a with
l-indanone A,A,A-trimethylhydrazonium fluoborate;3
rather, a ratio of 0.16:0.8:1 was obtained for 5a, 2-
phenyl-5li-indeno [l,2-&]pyridine (6), and 1,12-dihydro-
diindenoll™-fr™N'jl'-elpyridine (7), respectively. These

6 7

results demonstrate that the reaction medium is es-
sentially homogeneous (i.e., there is no restriction of
free movement of what must be two separate inter-
mediates contributing to the final 2,6-diarylpyridine
product) and, furthermore, that these intermediates
have a significant lifetime even in condensed phases.
Pyrolysis of either acetophenone A, Ar,iV'-trimethyl-
hydrazonium iodide (3a) or the corresponding tosylate
gave 2,6-diphenylpyridine (5a) in less than 2% vyield as
well as resinous oils which were not further investigated.
Analysis of sublimates from the iodide pyrolysis in-
dicated significant amounts of quaternary ammonium

iodide salts; the quantitative composition was not deter-
mined.

Pyrolytic Spectrometric Study.
of and Evidence for the Reactive Intermediates.—
Small samples of the quaternary salts were pyrolyzed
in the high vacuum of a mass spectrometer ion source
by direct introduction to the heated source block.
The pyrolysis mass spectra were in general reproducible
for comparable source pressures, temperatures, and
sample size and if scan times following sample intro-
duction were the same. A rigorous investigation of the
lifetimes of intermediates by time-resolved techniques
has been made, from which several qualitative observa-
tions for specific intermediates are outlined. At
source pressures (p < 10-5 Torr) intermediates with
lifetimes comparable to analysis scan times (1-15 sec)
should be preserved in sufficient amounts for their
mass spectra to be displayed along with those of stable
products. lon intensities of spectra thus produced
may be corrected by selective subtraction of the con-
tributions to the same ions from stable products.

The spectra of analytical samples of known pyrolysis
products were obtained under closely similar condi-
tions in the same spectrometer used in the pyrolysis
studies. The spectra of the iV,iV-dimethylhydrazones
(4a, Table Il1) exhibit features at low mass numbers

Mass Formation
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analogous to those reported by Goldsmith and Djerassil8
in their study of hydrogen rearrangement and fragmen-
tations of aliphatic ketone A”N-dimethylhydrazones.
The principal fragmentation processes appear to be
either loss of one or more methyl groups from the molec-
ular ion or N-N cleavage. The latter process may
also involve 1,3-hydrogen transfer between the two frag-
ments.

The 2,6-diarylpyridines are extremely stable com-
pounds. This is demonstrated by high intensities for
molecular ions, doubly and triply charged ions, and by
relatively low intensities for all fragment ions (5a, see
Table I11).

Acetophenone A/AA-Trimethylhydrazonium lodide
(3a).—Strong ion intensities are observed in the py-
rolysis mass spectrum of acetophenone N,N,N-tri-
methylhydrazonium iodide (3a, Table IIlI) at m/e
values of 231, 160-162, 142, 128, 127, 104, 77, and 58.
lons at m/e values of 231, 162, 142, and 128 represent
5a, 2a, methyl iodide, and hydrogen iodide, respectively;
this may be inferred by their persistence in low-voltage
spectra, by exact mass measurement, and by isolation
from pyrolysis residues.

2,6-Diphenylpyridine (5a) is readily identified as a
minor component by the molecular ion pattern; it is
confirmed by a strong metastable at 229 (231 -» 230)
and characteristic doubly charged ion peaks at 114.5
1155. Acetophenone jV,Ar-dimethylhydrazone (2a)
is also supported by well characterized metastable
ion peaks at 160 (162 161), 133.4 (162 —m 147, loss
of CH3, and 118.6 (147 132, loss of second CH3J3
and the occurrence of all expected fragment ions for
this compound.

The presumption that acetophenone A/A-dimethyl-
hydrazone and methyl iodide must arise by simple
nucleophilic displacement is supported by a metastable
ion peak at ~ 86.4 (304 —162). This process for the
quaternary iodides (e.g. 4a) accounts for the major
fragmentation pathway.

IN(CH33I IN(CH32
N
f N I + CH3
(m/e 142)
Ar CH, Ar/C X CH3
3a (m/e 304) 2a {m/e 162)

Acetophenone A/A/A~Trimethylhydrazonium Fluo-
borate (4a).—Although the construction of the pyridine
ring is a minor route in the pyrolytic mass spectrum of
3a, the formation of substituted pyridines from the
corresponding fluoborates (4a) constitutes the major
pathway. Construction of the pyridine 7 carbon by
internal transfer of an N-methyl group may be envi-
sioned in several ways on the basis of ions which are
present in the pyrolysis mass spectra of all the quater-
nary salts, but especially the fluoborates. The aceto-
phenone A/A/A-trimethylhydrazonium cation is ex-
pected to undergo simple N-N cleavage as the most
likely thermal process independent of interactions with
the anion. This would give a stable product tri-
methylamine, m/e 59, as well as the hypothetical re-
active intermediate, acetophenoniminium cation, i,
m/e 118. Alternately, 1,3-hydrogen migration may
occur with N-N cleavage to give dimethylmethylene-

(18) D. Goldsmith and C. Djerassi, J. Org. Chern., 31, 3661 (1966).
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ammonium cation, ii, m/e 58, and the imine, 8, m/e
119. Low-voltage mass spectra of acetophenone N,N,-
N-trimethylhydrazonium fluoborate (as well as iodide
and tosylate) all have prominent ion peaks at m/e
values of 119 and 58. Subsequent methyl loss by
electron-impact fragmentation of imine 8 would give

an m/e 104 species, iii, which is supported by a meta-
HA ch?2
N— N— CH3 N CH2
A I+
CH.
. ch3 al » ch3 CH, N ch3
4a (BFD 8 (m/e 119) ii (m/e 58)
( +=N—H
AK

stable ion at 90.0 (119 104). Exact mass measure-
ment of both the 119 and 104 ions is consistent with
the proposed composition for these ions (footnotes,
Table I11). There is inherent in this datum the im-
plication that the imine 8 has a lifetime sufficient to
undergo subsequent rearrangement and reaction. Tau-
tomerization of 8 to a-aminostyrene (8') followed by
electrophilic alkylation of the resulting enamine with
Mannich reagent, dimethylmethyleneammonium cat-
ion,19 ii, is proposed as a convenient mechanistic
route to the incipient pyridine y carbon. This con-
densation product readily eliminates dimethylamine
and a proton to give the diene 9 as a potential reactive
intermediate (Scheme 1). Evidence for 9 exists as

Scheme |
H r< /ICHi
N CH2=N <+
~ ch3
Ar~CHR 8'
8
H+/H
u\r
Ar~CHR
|
CH2
NN(CH32
m/e 176

the ion at m/e 131 in the spectra of all the quaternary
salts. This ion is absent in the spectrum of 2,6-di-
phenylpyridine; therefore, it does not arise by electron-
impact fragmentation of this product.

Although acetophenone N,iV-dimethylhydrazone has
an ion peak at m/e 131 in its spectrum, this is an in-
sufficient source of this ion in spectra of quaternary
salts. Even though the iodide and tosylate spectra
have as a significant feature the molecular ion (m/e
162) for acetophenone jV,A-dirnethylhydrazone, the
m/e 131 peak exceeds the expected intensity if it were
to be derived as a fragment ion from this hydrazone.

In a series of mass spectra obtained by, rapid scan-
ning immediately following pyrolysis of quaternary
salts in the ion source, the intensity of the m/e 131

(29) Recently, Eschenmoser, et al. [Angew. Chern., Int. Ed. Engl., 10, 330

(1971)], have isolated (80%) this methyleneammonium salt, ii (1-). This
Mannich reagent can be recrystallized and sublimed at reduced pressure
without decomposition.
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Scheme |l

12 (R =H)

peak may be seen to rise and then fall off to a much
greater extent than other ions identifiable as stable
molecular species (m/e 231, 162, 142, 128, and 59).
Furthermore, there is a rough inverse correlation be-
tween the intensity of 131 and 231 ion peaks, the latter
rising and persisting after the 131 ion peak has nearly
vanished during repetitive scanning.

It is our belief, therefore, that 9 (m/e 131) repre-
sents one of the reactive intermediates, which will
supply the y carbon of the pyridine nucleus during
the pyrolysis of the ketone ArlV,2V'-trimethylhydra-
zonium salts.

Mechanistic Construction of the Pyridine Nucleus.—
The mechanism envisaged to account for the final
construction of the pyridine nucleus can be considered a
ramification of the Hantzch synthesis® by the recom-
bination of the evidenced fragments (Scheme I1).
The reunion of the electron-rich fi carbon of the enamine
8' and 9 by a Michael-type addition gives a dihydropyr-
idine (11) after the elimination of ammonia. There
is no mass spectral evidence for this cycloaddition in-
termediate (10) due to the facile loss of ammonia under
the reaction temperatures. Aromatization of the pyr-
idine nucleus can occur by “transfer” of hydrogen to
molecules with isolated double bonds,D e.g., with the
Mannich reagent ii, or by loss of molecular hydrogen.2
Isolation of trimethylamine has been accomplished,
although there is no direct evidence to support this
proposed reductive sequence.

The 2,6-diphenyl-3-methylpyridine (12) can arise
from a similar Michael-type addition of the enamine

(20) R. L. Frank and R. P. Seven, J. Amer. Chem. Soc., 71, 2629 (1949).

(21) G. J. Janz, R. G. Ascah, and A. G. Keenan, Can. J. Res., 25B, 272
(1947); G. J.Janz and A. G. Keenan, ibid., 25B, 283 (1947).
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(9) and the tautomer of its precursor (13), followed by
loss of ammonia and dimethylamine, then aromatiza-
tion (Scheme I11).

The mass spectrum data and the detailed analyses
of the products from this pyrolysis reaction have sub-
stantiated the Hantzch-type mechanistic scheme for
the production of the pyridine nucleus. In our studies,
as well as in many historical examples, the actual iso-
lation of these proposed intermediates has been diffi-
cult to realize. Additional studies on the trapping of
these elusive intermediates are currently underway on
other closely related systems.

Experimental Section2

Reagents.— Anhydrous A.M-dimethylhydrazine (99%), iodo-
methane (reagent, 99+%), and sodium fluoborate (technical
grade) were obtained from Matheson Coleman and Bell. Ra-
dioactive methyl-14C iodide was purchased from New England
Nuclear Corp., Boston, Mass. Samples of the starting carbonyl
compounds were available from ordinary commercial sources
and were purified by redistillation or recrystallization prior to
use.

Methyl iodide had mass spectrum (70 eV) m/e (rel intensity)
143 (0.69), 142 (100), 141 (7.2), 140 (2.1), 139 (2.3), 128 (1.7),
127 (13.5), and 15(17.9).

General procedure for the preparation of dimethylhydrazones
has been previously described in detail.9 Properties of various
iy,7V-dimethylhydrazones which have not been previously re-
ported9are cited in Table I.

General Preparation of Ketone A’ ,Ar,Ar-Trimethylhydrazonium
lodides.24 Method A.—A mixture of acetophenone N ,N-di-
methylhydrazone (5.0 g, 0.033 mol) and excess methyl iodide in
anhydrous ether (20 ml) was allowed to stand for several days
at room temperature. The crude product was filtered, washed
with ether, dried in vacuo, and recrystallized from absolute eth-
anol-ethyl acetate to afford 6.3 g (67%) of acetophenone N ,N ,N -
trimethylhydrazonium iodide: mp 146° dec; nmr (D) 8 2.6
(CCH,’s, 3 H), 3.5 [N+(CH33 s, 9 H], and ca. 7-8 (m, Ar H,
5 H); uv (EtOH) Xt 215 m/i (shoulder) and 249 (« 13,300);
mass spectrum, see Table I11.

Method B.— The following preparation of 3a will exemplify the
general procedure. Acetophenone AfAf-dimethylhydrazone (10
g, 0.066 mol) and excess methyl iodide in anhydrous methanol
(50 ml) were refluxed under nitrogen for 6 hr. After cooling,
cold anhydrous ether was added; the crude precipitated methio-
dide was collected and recrystallized. The yield was increased
(87%); samples prepared by method B were identical in all re-
spects with those from prepared by method A.

Acetophenone Ar,Ar,ArTrimethylhydrazonium Tosylate.—An
ethanolic solution of acetophenone AA-dimethylhydrazone
(10 g, 0.066 mol) and methyl p-toluenesulfonate (15 g, 0.081
mol) was allowed to stand at room temperature for 2 days; the
mixture was then poured into anhydrous ether. The crude
tosylate was filtered and recrystallized from absolute ethanol,
affording 18.2 g (79%) of acetophenone A'A'A;-trimethylhy-

(22) All melting points were taken in sealed capillaries with a Thomas-
Hoover Unimelt and are unecrrected. The infrared spectra were determined
with either a Perkin-Elmer 237-B or 337-B spectrophotometer and the ultra-
violet data were recorded on a Cary 14 spectrometer. Refractive indices
were obtained with a Bausch and Lomb Abbé-type refractometer. Nmr
spectra were obtained on a Varian Associates Model A-60 spectrometer.
The chemical shift values are expressed in S (parts per million) relative to a
tetramethylsilane internal standard. Radioactive samples were assayed on
either a Packard Tri-Carb liquid scintillation spectrometer system Series
3000, or Model 3003 (for those compounds which were soluble, without de-
composition or coloration, in Bray’'s CocktailZ or a Nuclear-Chicago thin
window gas flow detector Model D47, equipped with a Nuclear-Chicago
automatic sample changer Model C110B. Mass spectra were measured by
Mr. Nathan Ingber or Mr. Robert Wadsworth of the Standard Oil Co.,
Cleveland, Ohio, on their CEC 21-103C spectrometer equipped -with an MS
7500 Universal heated inlet system and in these laboratories on an A. E. 1.
MS-12 medium resolution mass spectrometer; spectra were 70 eV, electron-
impact fragmentation unless otherwise indicated. The microanalyses were
performed by Spang Microanalytic Laboratories, Ann Arbor, Mich., and
Galbraith Laboratories, Inc., Knoxville, Tenn.

(23) G. A. Bray, Anal. Biochem., 1, 279 (1961).

(24) The yields and physical constants are quoted in Table I.
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drazonium tosylate: mp 17.5-176° dec; nmr (D2D) S 3.44
[N+(CH3)3 s, 9 H], 2.54 (CCH3)s, 3 H), 2.13 (ArCH3s, 3 H),
andca. 7-8 (m, ArH, 9 H).

Anal. Calcd for CIBH24N2503: C, 62.04; H, 6.94; N, 8.04.
Found: C,61.97; H, 6.87; N, 8.00.

General Preparation of Ketone Ar,Ar,ArTrimethylhydrazonium
Fluoborates.— The following preparation of acetophenone
iV,iV,Artrimethylhydrazonium fluoborate Wwill exemplify the
procedure.4

A hot aqueous solutionZ®f sodium fluoborate (30 g) was slowly
added 10 a refluxing solution of acetophenone N ,N,N-tnmethyl-
hydrazonium iodide (30 g, 0.098 mol) dissolved in minimum water
to ensure complete dissolution. The mixture was then cooled
to room temperature; the crude crystalline product was fil-
tered, dried in vacuo, and recrystallized from acetone-absolute
ethanol, giving 25.5 g (96%) of acetophenone Ar,A"A’-trimethyl-
hydrazonium fluoborate: mp 153-154° dec; nmr (D2) i
275 (CCH3, s, 3 H), 3.60 [N+(CH3)3, s, 9 H], and a complex
aromatic proton region; uv (EtOH) Anuu 214 m/i (e 16,900) and
248 (9850); mass spectrum (see Table I11).

Attempted Synthesis of Deoxybenzoin Ar,A\A-Trimethyl-
hydrazonium Fluoborate.— A hot aqueous solution of deoxy-
benzoin A.iV.iV-trimethylhydrazonium iodide (15.4 g, 0.0405
mol) was added to the aqueous sodium fluoborate solution;5
after cooling to ice bath temperature, the pale yellow oil which
separated was worked up and distilled, giving 4.1 g (52%) of de-
oxybenzoin, bp 136-138° (0.25 mm). The physical and spectral
data were identical with those of the starting ketone.

Pyrolysis of Acetophenone ArArAr-Trimethylhydrazonium
Fluoborate. Method A.— Acetophenone A ,Al,Artrimethylhy-
drazonium fluoborate (20 g, 0.0758 mol), which was dried in
vacuo at 40° for several days, was heated to decomposition (ca.
200°) in 5-g quantities in a pyrolysis tube (1 X 12 in.) flushing
continuously with a slow stream of dry nitrogen. During the
pyrolysis, the liberated gases and a white sublimate were trapped
in two liquid nitrogen gas traps. After cooling, extraction of
the pyrolysis vessel with benzene afforded a viscous red oil (9.371
g), along with an inorganic residue which was insoluble in ben-
zene.

Column chromatography of this crude oil (2.00 g) was per-
formed on Brinkmann silica gel G (3A in. X 3 ft) eluting with a
mixture of re-hexane, benzene, and ethyl acetate (85:5:10, re-
spectively) under nitrogen collecting 15-ml fractions. Frac-
tions 1 to 10 upon concentration yielded 100 mg of acetophenone:

bp 201°; ir (neat) 1680 (C=0) and 1265 cm-1; nmr (CC14) 52.0
(CCH3, s); 2,4-dinitrophenylhydrazone mp 249° (lit.5 mp
250°). Fractions 12-18 (Rt 74)27 upon concentration afforded a

white solid which was recrystallized from low-boiling petroleum
ether, giving 867 mg (49.5%) of the crystalline 2,6-diphenyl-
pyridine: mp S2-S3° (lit.8mp 82°); picrate mp 171° (ethanol)
(lit.29 mp 169°); uv (EtOH) X ,, 243 mji (€27,600), 286 (10,500),
302 (12,200); mass spectrum (see Table Ill). Fractions 18-22
(Rt 72)27 upon concentration afford a viscous yellow oil, which
was distilled in a molecular still affording 108 mg (5.5%) of 3-
methyl-2,6-diphenylpyridine: bp 150-160° (0.5 mm) [lit.D
bp 253-255° (25 mm)]; nmr (CDC1,) 52.22 (ArCH3 s, 3 H);
mass spectrum m/Ze (rel intensity) 245.12057 (M +, 53), 244 (M
- 1+, 100), 230 (M+ - CH3 30), 77 (C6H5, 7).

Anal. cCalcd for C,8HI3N: C, 88.12; H,
Found: C, 88.05; H,6.12; N,5.71.

Fractions 24-44 (Ri 52)Z7upon concentration gave an unidenti-
fied red oil (52 mg). Fractions 45-180 yielded no identifiable
compounds comprising of polymeric residues remaining on the
column. Attempted elution of this material afforded no dis-
cernible organic compounds.

The white sublimate, produced during the pyrolysis,

6.17, N, 5.71.

was

(25) The aqueous sodium fluoborate solution was prepared by assuring
neutral pH (i.e., addition of either dilute sodium hydroxide or fluoboric
acid), then filtration to remove all insoluble salts. Rapid hydrolysis of the
quaternary salt occurs, if neutrality is not rigorously maintained.

(26) R. L. Shriner, R. C. Euson, and D. Y. Curtin, “The Systematic
Identification of Organic Compounds,” Wiley, New York. N. Y-, 1964, p
363.

(27) Rt values were determined by thin layer chromatograph using
Brinkmann Silica Gel G eluting with column solvent system.

(28) D. Bryce-Smith and A. C. Skinner, J. Chem. Soc., 577 (1963). We
thank Professors Bryce-Smith and Skinner for a sample of authentic 2,6-
diphenylpyridine.

(29) M. Scholtz, BeT., 28, 1726 (1895).

(30) M. Scholtz, ibid., 32, 1935 (1899).
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identical with an authentic sample of ammonium fluoborate;
on comparison ir and nmr spectrum properties were superimpos-
sible.

The gas, after removal of the sublimed ammonium fluoborate,
was warmed slowly and bubbled through a solution of anhydrous
methyl iodide in ether. The white quaternary salt was collected,
dried in vacuo, and recrystallized from deuterium oxide, giving
tetramethylammonium iodide: mp <300° dec; nmr (D)
&3.26 [N(C7/3)4, t, J — 0.5 Hz], which is identical with the
nmr spectrum of an authentic sample.

Anal. cCalcd for C4AHINI: C, 24.04; H,
Found: C, 23.91; H, 6.25; N, 6.84.

A second sample of gas was bubbled into anhydrous hydrogen
chloride (ca. 5% ) dissolved in anhydrous ether. The white pre-
cipitate which formed was carefully filtered (with complete
exclusion of moisture) and dried in vacuo, giving a hydroscopic
mixture of amine hydrochlorides, nmr (D2) 5 4.70 (s, NH),
2.95 [s, +N(CH?3)3, and 2.80 [s, +N(CH3)2], These peaks corre-
sponded to nmr spectra (D2 ) of authentic samples of ammonium
chloride, trimethylamine hydrochloride, and dimethylamine hy-
drochloride.

The other substituted diarylpyridines are listed in Table 1
and were prepared in the same manner, except where noted.

Method B. Pyrolysis in Cumene as Solvent.— Acetophenone
A A Af-trimethylhydrazonium fluoborate (10 g, 0.038 mol) in
cumene (20 g, bp 150-155°) as solvent was slowly heated to
about 154-150°; the exothermicity of the reaction then causes
the solution to reflux for ca. 1 min. The mixture was refluxed
for an additional 1 hr. After cooling, the solution was decanted
from an inorganic residue and concentrated in vacuo, leaving a
crude residue which was chromatographed on Merck alumina
(3/4in. X 2 ft) eluting with 1% benzene in low-boiling petroleum
ether. Upon concentration and recrystallization of the eluent,
2.6- diphenylpyridine (mp 81-82°) was obtained (55%); mixture
melting point with authentic sample was undepressed.

Pyrolysis of Acetophenone A?Af,A*>Trimethylhydrazonium
lodide.— Acetophenone A" A" Ai-trimethylhydrazonium iodide
(20 g, 0.067 mol) was pyrolyzed as described under method A.
2.6- Diphenylpyridine (mp 80°) was isolated (1.3% ) from the dark
polymeric tar. No other organic compounds were isolated from
the polymeric residue.

Pyrolysis of acetophenone N ,N ,N-trimethylhydrazonium tosyl-
ate was conducted as previously described under method A.
2.6- Diphenylpyridine (mp 81°) was isolated in less than 2%
yield from the black viscous residue; no other discernible or-
ganic products were detected.

2-Phenyl-6-(4-methoxyphenyl)pyiidine.— Acetophenone
VIV, Ar-trimethylhydrazonium fluoborate (5.71 g, 18.6 mmol)
and 4'-methoxyacetophenone N ,A'A'-trimethy!hydrazonium fluo-
borate (6.4 g, 18.6 mmol) were mechanically mixed and py-
rolyzed as described in method A. The concentrated benzene
extract was chromatographed on Merck alumina (s/4in. X 2.2
ft); the first fraction was eluted with 2% benzene in petroleum
ether. After concentration and recrystallization, only 2,6-
diphenylpyridine (mp 78-80°) identical with previously obtained
sample was isolated. A second component was eluted with
20% benzene in petroleum ether, giving, upon concentration,
2-phenyl-6-(4-methoxyphenyl)pyridine, which upon recrystal-
lization from petroleum ether (bp 60-70°) gave an analytical
sample: 0.335 g; mp 125° (lit.3lmp 119°); nmr (DCC13) S3.78
(ArOCH3, s, 3 H); uv (EtOH) A™« 525 mM (e 22,400), 274
(18,000), 289 (15,000), and 308 (11,500).

Anal. calcd for CIHINO: C, 82.73; H,
Found: C,82.77; H,5.79; N, 5.29.

A third component was eluted with 50% benzene in petroleum
ether, yielding 2,6-di(4-methoxyphenyl)pyridine (mp 189-190°;
recrystallization from petroleum ether (bp 60-80°) raised the
melting point to 197-198°): nmr (DCC13) 5 3.89 (CaOmatii: OCH 3,
6 H,s); uv (EtOH) 273 m/z (¢ 31,200) and 316 (14,350).

3,5-Dimethyl-2,6-diphenylpyridine— Propiophenone N ,N,N-
trimethylhydrazonium fluoborate (17 g, 0.062 mol) was pyrolyzed
and worked up as described above in method A. Recrystalliza-
tion from petroleum ether of the crude eluent gave 4.5 g (50%)
of the white crystalline 3,5-dimethyl-2,6-diphenylpyridine:
mp 136-137° (lit.2 mp 134-135°); nmr (CCl1l4) 52.36 (ArCH3,
d,/ = 05 Hz, 6 H); uv (EtOH) X™« 233 mu (e 20,000), 250

6.18; N, 6.94.

5.79; N, 5.37.

(31) M. Scholtz and W. Meyer, ibid., 43, 1861 (1910).
(32) V. Galiah and A. Ekambaram, J. Indian Chem. Soc., 32, 274 (1955).
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(shoulder), 288 (9880); mass spectrum (mol wt) calcd 259,
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for substitution of methyl-14C iodide in the initial quaternization.

found 259. The labeled fluoborate was pyrolyzed; the product was ex-

2.6- Di[2-(6-methylpyridyl)] pyridine.— 2-Acetyl-6-methylpyri-tracted and purified as previously described under method A.
dine iV,¥,iV-trimethylhydrazonium fluoborate (10 g, 0.036 Five additional recrystallizations from petroleum ether gave an
mol) was pyrolyzed as described above in method A. The black analytical sample of 2,6-diphenylpyridine-14C: mp 82-83°,

viscous oil from the pyrolysis reactor was treated with aqueous
sodium hydroxide (5 JV, 2 ml), extracted with benzene, and con-
centrated. Purification by elution chromatography on Florosil
with benzene afforded a pale yellow solid (mp 162-164°). Re-
crystallization from benzene-petroleum ether (bp 60-70°) gave
22 g (47%) of 2,6-di[2-(6-picolyl)]pyridine: mp 164-165°;
nmr (CDC13) &2.62 (ArCH3, s, 6 H), and a complex aromatic
proton region including 8.4 (t, J = 4 Hz), 7.17 (t, J = 8 Hz),
7.24 (d,J = 4 Hz), and 7.17 (d, J = 8 Hz); uv (EtOH)X,na*
231 mu (c 11,700), 242 (11,900), and 289 (22,400).

An ethanolic solution of 2,6-di[2-(6-picolyl)]pyridine was
slowly added to a solution of ethanolic ferric chloride, giving an
ethanol insoluble, uncharacterized substituted 2,2',2"-tripyridyl
complex, mp 278°.

Attempted Synthesis of 4-Phenyl-2,6-di(4-methoxyphenyl)-
pyridine.— A mixture of 4'-methoxyacetophenone N,N ,N-
trimethylhydrazonium fluoborate (5.0 g, 17 mmol) and redis-
tilled benzaldehyde (20 ml) was refluxed for 1 hr. At ca. 130-
150°, the solution turned dark red with azeotropic distillation of
water. The solvent (benzaldehyde) and last traces of water
were removed by vacuum distillation, leaving a dark oil. Elution
chromatography on Merck alumina with 20% benzene in pe-
troleum ether gave a pale yellow solid, which when recrystal-
lized from petroleum ether afforded 1.0 g (25%) of 2-benzal-4'-
methoxyacetophenone: mp 104-105° (lit.38 mp 106°); nmr
(CDCh) 53.88 (ArOCH]j, s).

Anal. cCalcd for CiH®W2: C,
C, 80.67; H, 6.00.

2-Phenyl-5//-indeno[ 1,2-6Jpyridine.— An intimate mixture of
acetophenone N,N ,/V-trimethylhydrazonium fluoborate (6.5
g, 25 mmol) and 1l-indanone iV,.V,jV-trimethylhydrazonium
fluoborate3 (7.09 g, 25 mmol) was dried in vacuo at ca. 50° for
several hours. The mixture was pyrolyzed as described under
method A. The residual pyrolysate was extracted with benzene,
concentrated, and chromatographed on alumina. Fraction 1
was eluted with 2% benzene in low-boiling petroleum ether (bp
30-60°, ca. 500-1000 ml) and gave 2,6-diphenylpyridine (150
mg, mp 79-80°) which was identical with an authentic sample.

The second fraction was eluted with 20% benzene in petroleum
ether (bp 30-60°, 1000 ml) affording 2-phenyl-5f/-indeno[l,2-61-
pyridine (760 mg), mp 120°. Recrystallization gave an ana-
lytical sample: mp 126-128°; nmr (DCCI3) S 3.67 (ArCH2,
s, 2 H) and a complex aromatic region; uv (EtOH) XmK 245
mM (e 30,200), 261 (10,800), and 31S (20,500).

Anal. cCalcd for CiH1N: C, 88.85; H, 5.39; N, 5.76.
Found: C, 88.88; H, 5.47; N, 5.72.

The third fraction was eluted with 50% benzene in petroleum
ether (1000 ml) giving 10,12-dihydrodiindeno[l,2-6:2"1'-e]-
pyridine (1.05g)3, mp 203° (lit.34mp 206-207°).

2.6- Diphenylpyridine-14C.— Acetophenone
hydrazonium-14C fluoborate (average activity 1320 cpm/Vmol)
was prepared in the same manner as unlabeled material, except

80.64; H, 5.92. Found:

(33) E. J. Bourne, M. Stacey, J. C. Tatlow, and J. M. Tedder, J. Chem.
Soc., 718 (1951).

(34) W. Borsche and H. Hahn, Justus Liebigs Ann. Chem.. 537, 219
(1939).

N ,N,,V-trimethyl-

average activity 445 cpm/Vmol. The 14C ratio in the product,
2.6- diphenylpyridine, relative to the starting fluoborate was
1:2.96.

Pyrolysis of 4'-methoxyacetophenone N.N.M-trimethylhy-
drazonium fluoborate and N ,Ar,N-trimethylhydrazonium-14C
fluoborate, prepared from the corresponding labeled iodide by
precipitation of the less soluble fluoborate, was conducted as
previously described under method A; recrystallization of the
2.6- di(4-methoxyphenyl)pyridine from benzene-petroleum ether
afforded an analytical sample: mp 189-190°; the ratio of radio-
active carbon was 34 cpm/Vmol (product) to 635 cpm/Vmol
(A"iV.iV-trimethylhydrazonium fluoborate) or 5% incorporation
of the original radiolabel.

Pyrolysis of 4'-methoxyacetophenone iV.AOV-trimethylhy-
drazonium fluoborate and tetramethylammonium-I4C fluoborate,
prepared from the corresponding labeled quaternary iodide by
precipitation of the less soluble fluoborate, was executed as pre-
viously described under method A; recrystallization afforded
2.6- di(4-methoxyphenyl)pyridine, mp 190°. The ratio of radio-
activity was 0.25 cpm/Vmol (product) to 47 cpm/Vmol (ammo-
nium salt); the product therefore contains less than 0.5% ,4C of
the original radiolabel.

Registry No.—29, 13466-32-5; 2k, 33785-76-1; 21,

19679-59-5; 2m, 33785-78-3; 2n, 33785-79-4; 2o,
33785-80-7; 2p, 33785-81-8; 3a, 33785-82-9;  3b,
33785-83-0; 3c, 33785-84-1; 3d,33777-72-9; 3e,

33777-73-0; 3f, 33777-74-1; 39, 33777-75-2; 3j, 33777-
76-3; 3k, 33777-77-4; 31, 19679-61-9; 3m, 33777-
79-6; 3n, 33777-80-9; 30, 33777-81-0; 3p, 33777-82-1;
4a, 10467-41-1; 4b, 33775-44-9; 4c, 10467-42-2; 4d,
33775-46-1; 4e, 33775-47-2; 4f, 33775-48-3;  4q,
33775-49-4; 4j, 33775-50-7; 4k, 33775-51-8; 41, 10467-
43-3; 4m, 33775-53-0; 4n, 33775-54-1; 4o, 33775-
55-2; 5a, 3558-69-8; 5b, 33777-84-3; 5d, 33777-85-4;
5e, 33777-86-5; 5f, 33777-87-6; 5g, 21172-80-5; 5j,
33777-89-8; b5k, 33777-90-1; 5m,33777-91-2; 5o,
33777-92-3; acetophenone  N,iV,jV-trimethylhydra-
zonium tosylate, 33777-93-4; 3-methyl-2,6-diphenyl-
pyridine, 28489-52-3; tetramethylammonium iodide,
75-58-1; 2-phenyl-6-(4-methoxyphenyl)pyridine, 33777-
95-6; 2-benzyl-4-methoxyacetophenone, 959-23-9; 2-
phenyl-5i/-indeno [1,2-5]pyridine, 33777-97-8.
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The reaction of .5,5-dimethyl-1,3-cyclohexanedione (1) with ethyl acetoacetate (2) in CF3L O gives the 2-

pyrone 4 and a xanthene-I,8-dione 5Sinstead of the reported 4-pyrone 3.

Sodium diethyl oxalacetate (13) and |

react in a similar manner giving ester 14, isomeric with ester 10 prepared by condensing 8 with ethyl oxalate.
Acid 15, prepared by hydrolysis of 14, gives 2-pyrone 16 on decarboxylation, isomeric with 4-pyrone 9 prepared

by condensation of 8with ethyl formate.
ture of 4.
isolated.

Condensation of 5,5-dimethyl-1,3-cyclohexanedione
(1) with ethyl acetoacetate (2) has been describedlas

yielding 7,8-dihydro-2,7,7-trimethyl-4//-l1-benzopyran-
4,5(6f7)-dione (3). We needed 3 for uv spectral com-
parison purposes and repeated the original preparation.l
Instead of 3, however, we isolated 7,8-dihydro-4,7,7-
trimethyl-2//-1-benzopyran-2,5(6//)-dione  (4) and
3,4,6,7-tetrahydro-3,3,6,6,9,9-hexamethylxanthene-I,8-
(2H,5fi)-dione (5).2 The structure of 4 was sub-
stantiated by uv spectral correlations with several syn-
thesized model 2- and 4-pyrones.

After considering the incongruities involved with
the attempted preparation of 3, we repeated the original
preparationl involving the condensation of 1,3-in-
dandione (6) and 2. The nmr spectra indicated that
none or only a very small amount of the proposed
product 7 was present. Instead, we found that, when
the reaction was worked up as described, mostly 6 was
recovered, along with [AX2-biindan]-I1,,3,3'-trione (6a)3
and another high melting product. Apparently the
original investigator’s efforts resulted in the isolation of

(1) L. L.Woods, J. Org. Chem., 34, 2796 (1969).

(2) D. Vorlander and F. Kalkow, Justus Liebigs Ann. Chem., 309, 374

(1899); Beilstein, 17:509.
(3) W. Wislicenus, Chem. Ber., 20, 589 (1887).

Ultraviolet spectra comparisons of 4, 9, and 16substantiates the struc-
Indan-1,3-dione (6) and 2 did not give a pyrone on condensation in CF3O2H; instead, dimer 6ais

6 and he described it as a new compound 7. The origi-
nally described melting points (129 and 129-131°)
agree with that reported for 6 (130-131°).4 The
originally reported found analysis (C, 73.70, 73.85;
H, 3.94, 4.04),1 presumably applicable to 7 (CiH3 3,
also agrees with that calculated for 6 (CHGE2 (C,
73.96; H, 4.14).

Efforts to provide a structural proof for 3 started with
2-acetyl-5,5-dimethyl-1,3-cyclohexanedione (8).6 It
became obvious that any acid- or base-catalyzed
acetylation of 8, followed by ring closure, could lead to
the ambiguities shown in Scheme I. In fact, 4 was iso-

lated from the neutral fraction separated from the
preparation of 8.

Instead of synthesizing 3 or 4, the problem was ap-
proached by preparing chromophorically identical 4-
and 2-pyrones as uv spectral models. Two 4-pyrones
easily prepared from 8 are 7,S-dihydro-7,7-dimethyl-
4//-1-benzopyran-4,5(6//)-dione (9) and 5,6,7,8-tetra-
hydro-7,7-dimethvl-4,5-dioxo-412-lI-benzopyran-2-car-
boxylic acid ethyl ester (10). Compounds 9 and
10 were formed, respectively, by formylation and
ethoxylation of the disodium salt of 8, followed by de-
hydrative cyclization. The uv spectra of 9 and 10
(Table 1) indicate that they have identical chromo-
phores, but there is no similarity to the chromophore of
4, which must be a 2-pyrone. Intermediate 11 was
isolated and characterized en route to preparation of 9.

(4) W. O. Teeters and R. L. Shriner, J. Amer. Chem. Soc., 55, 3026 (1933).

(5) W. Dieckmann and R. Stein, Chem. Ber., 37, 3370 (1904); A. W.
Crossley and N. Renouf, J. Chem. Soc., 101, 1524 (1912).
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Table |

Sellstedt

Ultraviolet Spectra in 95% Alcohol

m2-Pyron
Compd mM(0
4 262 (12,100), 290“ (5960)
14 263 (11,400), 296" (6530)
15 263 (11,100), 296“ (6240)
15a 264 (10,250), 295" (5930)
16 261 (12,230), 294“ (6380)

Inflection points.

12a sodium sait

Ester 10 was hydrolyzed and characterized as the free
acid 12 and sodium salt 12a. Several attempts to de-
carboxylate 12 to 9 met only with extensive decomposi-
tion.

To complete the sequence, a series involving the 2-
pyrones isomeric with 9, 10, and 12 was prepared.
Condensation of 1 with sodium diethyl oxalacetate
(13), using conditions similar to those described by

Woods,l gave a reasonable yield of 5,6,7,8-tetrahydro-
7,7-dimethyl-2,5-dioxo-2firl-benzopyran-4-carboxylic
acid ethyl ester (14). Ester 14 is isomeric with 10,
and formation of a 2-pyrone (14) from 1 and 13 also

4-Pyrones-
Compd nui (e)
5 232 (15,450), 309 (5490)
9 245 (8840)
10 221 (22,800), 248 (7220)
12 217 (24,800), 247 (8830)
12a 216 (28,800), 247 (10,160)

illustrates a general trend to form 2-pyrones when 1,3
diketones and d-keto esters are condensed in an acid
medium. Ester 14 was acid hydrolyzed, and the prod-
uct was characterized as the free acid IS and sodium
salt 15a. Acid 15 was easily decarboxylated with cop-
per powder in refluxing quinoline to 7,8-dihydro-7,7-
dimethyl-2i/-I-benzopyran-2,5(6//)-dione (16), which
is isomeric with 9.

It is clearly evident from the uv data in Table | that
4 belongs to the 2-pyrone series. The spectral data in
Table | also illustrate another point: that addition of
a carboxyl or ethoxycarbonyl group to a 2- or 4-pyrone
does not appreciably alter the electronic chromophore.
By comparing the nmr spectra of 1,64, and 5 with that
given by Woods!l [solvent not reported, 5 1.10 (6),
1.66 (2), 2.20-2.80 (4), 3.35 (0.4), 5.50 (0.6)] for what
he presumed to be 3, it is evident that his condensation
of 1 and 2 yielded only a mixture of 1l and 5. The vinyl
proton at S5.94 of 4 is not present in Woods mixture but
the 55.50 vinyl of 1and 5 1.66 methyls of 5 are.

Experimental Section

Melting points were taken in capillary tubes in an oil bath and
are uncorrected. Solvents were removed in vacuo on a Biichi
Rotavapor R. Anhydrous magnesium sulfate was used for all
solution drying. Spectra were obtained under the supervision of
Mr. Bruce Hofmann. The ir spectra were determined in KBr
pellets using a Perkin-Elmer Model 21 spectrophotometer. The
uv spectra were taken with a Perkin-Elmer Model 450 uv-visible
N IR spectrophotometer. The nmr spectra were determined
with a Varian Model A-60 or a Jeolco Model C-60HL nmr spec-
trometer using TMS in CDC13and DMSO-d6and DSS in D2 .
Analyses were carried outon a Perkin-Elmer Model 240 elemental
analyzer.

7,8-Dihydro-4,7,7-trimethyl-2//-l-benzopyran-2,5(6H)-dione
(4) and 3,4,6,7-Tetrahydro-3,3,6,6,9,9-hexamethylxanthene-1,8-
(2H,5H)-dione (5).— A solution of 70 g (0.5 mol) of 1 and 63.5
ml (0.5 mol) of 2 in 200 ml of CF3C 02H was refluxed for 22 hr.
The solution was concentrated and the residue was poured into an
Et20-H 20 mixture. An interphase was filtered off and crystal-
lized (EtOH), giving 2.7 g of 5. mp 249-252° (lit.2mp 245°);
ir 6.04 (C=0), 6.20 n (C=C); nmr (CDC13) 5 1.09 [s, 12,
CH2X(CH32HZ, 166 [s, 6, C=CC(CHJ32C=C], 2.27 (s, 4,
CH2CO0), 2.35 [s, 4, C=C(0)CH 2.

Anal. cCalcd for Ci9H20 3: C, 75.46; H, 8.67.
75.48; H, 8.67.

The EtD-H 20 filtrate of 5 was separated and the Et2 was
washed successively with HD (twice), saturated NaH CO03 (until
basic), cold 1N NaOH (twice with 300 ml), H2, and cold dilute
HC1. After the washings, additional 5 (4.5 g, mp 244-247°) was
filtered off. The Et2 in the filtrate was washed with brine, dried,
and concentrated, giving 18 g of a yellow solid, mp 105-135°,
consisting of a mixture of 4 and 5. The mixture was crystallized
(EtOH), giving 7.7 g of a white solid, mp 110-210°, consisting of
a 6:1 mixture of 4 and 5. An attempt to separate the mixture
on Woelm grade Ill neutral alumina failed, but, when 2.0 g of
the mixture was sublimed at 110 + 5° (0.05 mm) in a Nester-

Found: C,

(6) Varian Spectra Catalog, Vol. 2, Spectra No. 512: nmr (CDCIi) 5
1.06 [s, C(CHi)2 keto form], 1.09 [s, C(CHS2 enol form], 2.29 [s, C(CH,).-
CHZCO, enol and keto form], 2.56 [s, CHjC(OH)=CH], 3.36 (s, COCHjCO),
551 [s, C(OH)=CHCO], 10.90 (s, OH).
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Faust Model NFS-60 sublimer, 1.65 g of 4, mp 108-112°, col-
lected in the cooled cone and was crystallized (EtOH), giving
white crystals: mp 108-111°; ir 5.77 and 6.00 (C=0), 6.17
and 6.45y (C==C); nmr (CDC1S9 s 1.14 [s, 6, C(CH3)2], 2.45 (s,
3, CH=CCH3J), 2.48 (s, 2, CH2C0),72.78 [s, 2, C=C(0)CH 7,
5.94 (s, 1, vinyl).

Anal. Calcd for Ci2H 100 3:
69.68; H, 6.96.

An additional 0.4 g of 5, mp 248-250°, collected on the outer
shell of the sublimer above the oil level. An attempt to repeat
this separation on a larger scale failed.

Condensation of 2 with 6 in Refluxing CFECO;H.— A solution
of 12.6 ml (0.10 mol) of 2 and 14.6 g (0.10 mol) of 6 in 40 ml of
CF3C02H was refluxed for 2 hr and the resulting mixture was
poured into 400 ml of H2. Filtration gave 12 g of a brown
solid, which was triturated three times with 400 ml of boiling
hexane. Concentration of the hexane gave 6.3 ¢ of a yellow
solid, which was sublimed at 100° (0.05 mm), giving 5.8 ¢ of 6,
mp 128-130°, mmp 128-130° with authentic 6. The hexane-
insoluble solid was triturated three times with 200 ml of boiling
EtOAc. Concentration of the EtOAc gave 2.3 g of 6a as a tan
solid, mp 173-183°. The solid was recrystallized from CéH5Me,
giving yellow crystals of 6a: mp 205-208° (lit.3mp 206-208°);
ir8 5.82, 5.93, and 6.20 (C=0), 635y (C=C); uv max (95%
EtOH) 245 m y (<24,100), 340 (20,300); nmr (CDC13) s 4.15 (s,
2, CH2), 7.60-8.40 (m, 7, aromatic), 9.50-9.78 (m, 1, aromatic).

Anal. Calcd for CisH1003: C, 78.82; H, 3.68. Found: C,
79.10; H, 3.87.

The remaining 3 g of solid melted above 300° and was very in-
soluble in DMSO, making it difficult to get a good nmr: ir
5.83, 5.95,6.20, and 6.37 y .

5,6,7,8-Tetrahydro-7,7-dimethyl-4,5-dioxo-4H-I-benzopyran-
2-carboxylic acid Ethyl Ester (10).— Absolute EtOH (10.25 ml,
0.175 mol) was added to a mixture of 6.24 g (0.13 mol) of 50%
NaH in 250 ml of CJI-.Me. A solution of 9.11 g (0.050 mol) of
8 in 34 ml (0.25 mol) of (Et02C)2was added to the Ce8H3Me mix-
ture at 10-20° over 20 min. The resulting mixture was stirred at
50° for 3hr and poured into 500 mlofice-water. The water solu-
tion was washed twice with Et20 and acidified to pH 1 at 0-10°
with concentrated HC1 in the presence of Et20. The water layer
was extracted twice with Et2. The ether was washed with
brine, dried, and concentrated, giving 16.1 g of an amber oil.
The oil was chromatographed on 160 g of Florex AA-RVM 60-90
mesh in CeH6. Two 500-ml fractions of C6H 6, followed by two of
CHC13, were collected. The first CHC13 fraction was concen-
trated, giving 1.59 (11%) of 10, mp 128-132°. After crystalliza-
tion from ethyl acetate-hexane, the product had mp 134-137°;
ir 5.74, 5.86, and 6.06 (0=0), 6.34 y (C=C); nmr (CDC13 5
1.16 [s, 6, C(CH32, 1.41 (t, 3, J = 7.2 Hz, CH3), 2.46 (s, 2,
6-CH?2),72.90 (s, 2, 8-CH2), 4.47 (q, 2, J = 7.2 Hz, CH2CH3),
7.10 (s, 1, vinyl).

Anal. cCalcd for C*H"Os:
63.56; H, 6.05.

Concentration of the first C6H6 fraction gave 8.0 g of a light
yellow solid, mp 48-90°. The solid was dissolved in 50 ml of
absolute EtOH, 3 ml of EtOH saturated with HC1 gas was added,
and the solution was refluxed for 20 min and cooled in ice, giving
3.5 goflightpink crystals of 10, mp 130-136°.

5,6,7,8-Tetrahydro-7,7-dimethyl-4,5-dioxo-4if-1-benzopyran-2-
carboxylic Acid (12) and Its Sodium Salt (12a).— A solution of
20.0 g (0.076 mol) of 10 in 240 ml of 1:1 dioxane-concentrated
hydrochloric acid was refluxed for 3 hr and kept overnight at
room temperature. Water (250 ml) was added and the mixture
was cooled to 0-5°, giving 11.7 g of 12. The crude product was
crystallized (MeCN), giving 8.7 g (49%) of 12 as white crystals:
mp 210-212° dec; ir 5.73, 5.92, and 6.09 (C=0), 6.30 and 6.45
y (C=C); nmr (DMSO-de) 8 1-08 [s, 6, C(CH 32, 2.36 (s, 2,
6-CH2), 2.89 (s, 2, 8-CH?2), 6.80 (s, 1, vinyl), 10.20 (s, 1, C0O2H).

Anal. calcd for Ci2Hi205: C, 61.01; H, 5.12. Found: C,
60.97; H, 5.12.

To a boiling, analytically filtered solution of 2.64 g (0.010
mol) of 10in 50 mlof absolute EtOH was added, with stirring over
1min, 1.9 mlof 5.25 N NaOH. Crystals formed rapidly and the
mixture was kept on a steam bath for 10 min, cooled in ice, and

C, 69.88;, H, 6.84. Found: C,

C, 63.63; H, 6.10. Found: C,

(7) Routine assignment of the higher field methylene to the 6 position on
the 1-benzopyran nucleus is based on data in Varian Spectra Catalog, Spectra
No. 512.

(8) Spectrum identical with that found in the Sadtier Index (Spectra No.
18437).
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filtered, giving 1.7 g (66%) of 12a as yellow crystals: mp
>300°; ir 5.90 and 6.13 (C=0), 6.42y (C=C); nmr (DD) 5
1.15 [s, 6, C(CH?32, 2.56 (s, 2, 6-CH?2), 3.04 (s, 2, 8-CH?2), 6.96
(s, 1, vinyl).

Anal. cCalcd for Ci2HnNaO05:
C, 55.65; H, 4.45.

2-(Formylacetyl)-5,5-dimethyl-1,3-cyclohexanedione (11).—11
was prepared in the same manner as 10, but 20.2 ml (0.25 mol)
of Et0O2CH was used instead of (Et02C)2 and the Na salt of 11
was filtered off after the 3-hr heating period. An aqueous (300
m1l) solution of the salt was washed with Et20 and acidified to pH
1 with concentrated HC1 in the presence of Et2D. After 10 min
of stirring, 5.7 g (54%) of 11, mp 131° dec, was filtered off and
crystallized (ethyl acetate-hexane), affording 4.4 g (42%) of 11
as yellow crystals: mp 135-136.5° dec; ir 6.2 (C=0), 6.62 y
(C==C); uv max (95% EtOH) 249 m/i (center of broad plateau)
(e 8380), 335 (9300); nmr (DMSO-d6) 8 1.00 [s, C(CH3)2, 2.40
(s, CH2), 7.04 (d,/ = 12 Hz, vinyl), 8.04 (d,J = 12Hz, vinyl),
the ratios being unobtainable because of the DMSO-d5 inter-
ference with the CH2peaks.

Anal. Calcd for CiiHmO 4:
62.74; H, 6.81.

7.8- Dihydro-7,7-dimethyl-47/-1-benzopyran-4,5 (6H)-dione
(9).—DcCC (1.073 g, 0.0052 mol) was added to awarm solution of
1.074 g (0.00511 mol) of 11 in 20 ml of THF. After 20 hr at
room temperature, the red mixture was filtered and the cake (1.0
g) was washed with THF. The filtrate was concentrated and the
red residue was triturated twice with boiling Et2, leaving 0.36
g of a red solid. The ether was treated with charcoal and
concentrated, giving 0.610 g of a gummy solid, which was chro-
matographed on activity I silica gel in EtOAc. Elution with 150
ml EtOAc removed the DCC. Collection of fractions with in-
creasing amounts of MeCOMe to 100% and subsequent concen-
tration afforded 0.30 g (31%) of 9. Crystallization from chloro-
form-hexane yielded a product with mp 115-117.5°; ir 5.89 and
6.07 (0=0), 6.42y (C=C); nmr (CDC13) 81.15 [s, 6, C(CH 33,
2.43 (s, 2, 6-CH2), 2.77 (s, 2, 8-CH2), 6.38 (d, 1, J = 6 Hz,
vinyl), 7.72 (d, 1,/ = 6 Hz, vinyl).

Anal. cCalcd for CnHi2 3 C,
68.44; H, 6.54.

5.6.7.8-
carboxylic Acid Ethyl Ester (14).— A mixture of 14.0 g (0.1
mol) of 1and 21.0 g (0.1 mol) of 13 was refluxed in 50 ml of
CF3X02H for 4 hr and then stirred overnight at room tempera-
ture. After concentration, the residue was poured into an Et20 -
H2 mixture. The EtD was washed successively with saturated
NaH CO03 (until basic), cold 0.5 N NaOH, dilute HC1, H2, and
brine. It was then dried and concentrated, giving 7.4 g (28%)
of 14 as a white solid. Crystallization (ethyl acetate-hexane)
gave 5.6 g of white crystals: mp 136-138°; ir 5.74 and 5.96
(0=0), 6.16 and 6.43 (C=C); nmr (CDC13) 8 1.18 [s, 6, C-
(CH32, 1.38 (t, 3, J = 7.5 Hz, CH,), 2.48 (s, 2, 6-CH?2), 2.80
(s, 2, 8-CHj), 4.46 (q, 2, J = 7.5 Hz, CH2XHJ3), 6.25 (s, 1,
vinyl).

Anal. calcd for C,H,®0 5
63.59; H, 6.01.

5.6.7.8-
carboxylic Acid (15) and Its Sodium Salt (15a).— A solution of
10 g (0.038 mol) of 14 in 100 ml of 1:1 dioxane-20% hydrochloric
acid was refluxed for 6 hr and kept at room temperature over-
night. Filtration gave 8.0 g (89%) of 15 mp 218-223° dec.
The crude product was crystallized (EtOH), giving 6.4 g of 15
as white crystals: mp 222-224° dec; ir 5.65, 5.77, and 6.15
(C=0), 6.45y (C=C); nmr (DMSO-d6) 61.11 [s, 6, C(CH 37,
2.48 (s, 2,6-CH2), 2.87 (s, 2, 8-CH2), 6.39 (s, 1, vinvl).

Anal. cCalcd for CPHI20 5 C, 61.01; H, 5.12. Found: C,
60.78; H, 5.35.

To a boiling, analytically filtered solution of 2.1 g (0.0089
mol) of 15in 75 ml of absolute EtOH was added 3.3 ml of 2.74
N sodium 2-ethylhexanoate in 1-butanol. The mixture was
cooled, giving 1.3 g (58%) of 15a as white crystals: mp >300°;
ir 5.66, 5.72, 5.95, and 6.20 (C=0), 6.48y (C=C); nmr (D2)
51.10 [s, 6, C(CH 32, 2.53 (s, 2, 6-CH2), 2.89 (s, 2, 8-CH?2), 6.13

C, 55.82; H, 4.30. Found:

C, 62.84; H, 6.71. Found: C,

68.73; H, 6.29. Found:

C, 63.63; H, 6.10. Found: C,

(s, 1, vinyl).
Anal. calcd for CIH ,Na0O5 C, 55.82; H, 4.30. Found:
C, 55.88; H, 4.40.
7.8- Dihydro-7,7-dimethyl-2if-l-benzopyran-2,5(6H)-dione

(16).— A stirred mixture of 5.0 g (0.021 mol) of 15, 0.9S g of Cu
powder, and 10 ml of quinoline was placed in an oil bath at 250°.
Decarboxylation was essentially complete after 10 min, and the

Tetrahydro-7,7-dimethyl-2,5-dioxo-2if-I-benzopyran-4-

Tetrahydro-7,7-dimethyl-2,5-dioxo-2//-1-benzopyran-4-
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mixture was cooled and filtered. An Et20 solution of the filtrate
was washed successively with 1 N HC1 (five times), saturated
NaHCO03 H2, and brine. It was then dried and concentrated,
giving 2.33 g of a yellow solid, mp 79-87°. The solid was re-
crystallized from hexane and cyclohexane, giving 1.66 g (41%)
of 16 as light yellow crystals: mp 89-92°; ir 576 and 5.96
(C==0), 6.14 and 6.40 M (C=C); nmr (CDC13) 8 1.16 [s, 6,
C(CH3)2],2.46 (s, 2, 6-CH2), 2.79 (s, 2,8CH,), 6.30 (d, I, I =
9.75 Hz, vinyl), 7.91 (d, 1,J = 9.75 Hz, vinyl).

Anal. calcd for C,H1203 C, 68.73; H, 6.29.
68.31; H, 6.39.

Found: C,
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The product of the free-radical addition of CF3SC1 to methyl acrylate has been converted to a series of a-

CF3-acrylic acid derivatives.
with the addition of CF3SH to methyl propiolate.

Following the development of convenient laboratory
syntheses for bis (trifluoromethylthio) mercury, trifluoro-
methanethiol, and trifluoromethanesulfenyl chloride, a
modest number of CF3S-substituted organic compounds
have been synthesized.l To date no CF3S-substituted,
unsaturated acids or derivatives have been reported.
This paper summarizes the results of a study of methods
of preparation and the properties of CF35-substituted
acrylic acid derivatives.

Results and Discussion

a-CF3S-Substituted Acrylic Acid Derivatives.—For
preparation of several a-CF3-substituted acrylic acid
derivatives, the free-radical addition of trifluoro-
methanesulfenyl chloride (CF33C1) to methyl acrylate
served as the starting point. When carried out with a
large excess of CF3SC1, the reaction yielded as the major
product a 1:1 adduct fraction which contained about
90% methyl a-(trifluoromethylthio)-/3-chloropropionate
(1) and 10% of an isomeric material, presumably the
other possible 1:1 adduct (2) (eq 1).

CICHXHCO2H3
1
+
CF3SCH2CHCI1COXH3 (1)
2
+

co2xh3 scf3

| |
C1CHXHCH2-CHCOXH3

3

A considerable quantity of a 2:1 adduct (3) was
formed, which, according to gas chromatography and
1F nmr spectroscopy, contained two isomers in roughly
equal amounts.

The orientation of the major 1:1 adduct (1) was

(1) J. F. Harris, Jr., J. Org. Chem., 32, 2063 (1967).

The preparation of the corresponding /?-CF35-substituted compounds began
(Trifluoromethylthio )acetonitrile readily undergoes Knoeven-
agel reactions to yield a-CF3-substituted acrylonitriles.

established by analysis of the 13 nmr pattern.Z3 The
1T resonances of the hydrogen-bearing carbons along
with the 13C-H coupling constants are shown in Table I.

Table |

13C Nmr Spectrum of Methyl
a-(TRIFLUOROMETHYLTH!0)-/3-CHLOROPROPIONATE (Neat)

scf3

cichZhcoZXxh3

Chemical
Carbon shift, Splitting J (>*C-H),
atom ppm pattern Hz
ch3 73.4 Quartet 149
CH 68.2 Doublet 148
ch?2 63.5 Triplet 158

Neither of the resonances for the carbons possibly
containing the CF3X group showed any spin-spin
coupling clearly attributable to the presence of this
group, and thus no structure assignment could be made
on that basis. However, since values of J (13C-H) for
CH groups with chlorine substituents have been ob-
served to be 150 Hz and higher,4it is concluded that the
CH group, with J (13C-H) of 148 Hz, cannot have the
Cl, but must instead have the CF3 group as substitu-
ent. This structure is consistent with the structures
of the dehydrochlorination products from the 1:1
adduct discussed below.

Structure 3 was assigned to the 2:1 adduct on the
basis of a dehydrochlorination experiment (eq 2), which
produced a single, unsaturated ester in 78.5% yield
(distilled). On the basis of the 44 nmr and infrared
spectra, 4 is the most likely structure for this product.
The 4 nmr pattern contains two unsplit CH3 reso-
nances, a CH2resonance split to a doublet, each com-

(2) Neither the nor the 19 nmr pattern of the mixture of 1:1 adducts
gave evidence sufficient for structure assignment.

(3) The author is indebted to Dr. G. S. Reddy of this laboratory for
determination and interpretation of the 13C nmr pattern of the 1:1 adduct
fraction.

(4) For example, see J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “ High
Resolution Nuclear Magnetic Resonance Spectroscopy,” Vol. 1, Pergamon
Press, New York, N. Y., 1965, p 195, Table 5.21.
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Table Il

'H and 1,F Nmk Spectra op CF3-ACRYUC Acid Derivatives

.................... H, 5 (ppm) from the  resonance of (CHaNSi---------m--mmmm- % 1F, S(ppm) from the
Compd = ch Other 19 resonance of ClaCF
chbZ scf, 6.29 (2) Js-a = 1.2 Hz 3.73(1) 2.89 (CH2 2 br) S41.2(1)
5-73 (2, 3)Jh-h = 1.2 Hz 3.77(1) Jh-h = 7.8 Hz
chZ c—ch,chcoZh3 JH-H =1.0 Hz 4.12 (CH, 3)
4 JH-h = 7.8 Hz
H SCF, “
6.86“ (4)/H-f = 0.9 Hz 3.81 (1) -42.8 (2,2)J = 0.8 Hz
ha C=C\ L ans 6.32 (4) Jh-f = 0.8 Hz
5 <h-nh = 0
Hon ~SCF, 7.15 (1 broad)
| C=C\ 6.61 (1 broad) 11.8 (OH, 1) 42.6(3)/ = <1 Hz
ha co
6
H SCF, 6.73 (5)/h-h = ~0.7 Hz -49.4 (2,2)J = 0.8 Hz
IC=C% 6.60 -
H o~ . J = 0.4-0.5 Hz
9
CFS. X 0 ZHj 7.17 (2 broad) Ja-a = 10 Hz  3.76(1) -45.9 (2,2)J = 1 Hz
T VH 6.10 (2,4 )/H-f = 1Hz J = 0.4 flz
lla
CFA H
/C =% 7.53 (2)/H-h = 15.6 Hz 3.71 (1) -42.4(2) = 0.7 Hz
H 0.0H3 6.09 (2, 4) Jh-f = 0.7 Hz
lib
CFS CN
7.27 (2) Jh-h = 10.2 Hz -42.1 (2)/ = 1.1 Hz
> = <
K H 5.76 (2, 4 )/H-f = 1.1 Hz
15a
CFjs /H 7.36 (2) / h-nh = 16.1 Hz -42.2 (2)J = 0.6 Hz
c=Ccn _
K N 5.69 (2,4)/ Hf = 0.6 Hz
15

“ Analysis of this spectrum based on the spectra of CF3SCH=CH 2 (ref 1) and methyl acrylate by the method of E. U. Matter, C.
Pascual, E. Pretsch, A. Pross, W. Simon, and S. Sternhell [Tetrahedron, 25, 691 (1969)] suggests that the low-field resonance belongs

to the proton cis to the carbomethoxy group, i.e., HA.

H3xoX SCF3
| | THF
CICH2ZCHCH2ZCHCO2ZH3+ (CHB53N — >-
3
h3XxoX scf3

CHZ icH ZTHCOXTH3 (2)
4

ponent of which is rather broad, a CH resonance

(doublet), and two vinyl proton resonances (Table I1).

These vinyl protons are mutually spin coupled (J =

1.2 Hz), and the high-field one is, in addition, split to
triplets, thus indicating the proximity of, the CH2
group. This pattern supports structure 4 and makes

alternative structures in which the CH2 group is not
adjacent to the double bond unlikely. The logical

precursor to 4 is 3, whose two asymmetric centers ac-
count for the two components indicated by gas chroma-
tography and I9F nmr spectroscopy.

The orientation of the major 1:1 and 2:1 adducts just
discussed suggests that the principal adding species in
the radical-chain addition of CF3CL1 to methyl acrylate
is the chlorine atom which adds to the CH2carbon, the
usual site of radical attack in methyl acrylate. The
resulting radical apparently either chain transfers by
attacking the sulfur atom of the sulfenyl chloride to
give the major 1:1 adduct obtained, or else adds to
another molecule of methyl acrylate to produce a radi-
cal which leads by chain transfer to the 2:1 adduct.

The main steps assumed in this process are shown in
eq 3-7.

hv
CF35C1 — 9- CF35- + Cl- (3)

Cl- + CHACHCOICHs — 9- CICH2XHCOXH3 (4)

CICHXHCO2XH3+ CF3Cl1— 9-
cf3

CICHXHCOXH3+ Cl- (5)

CI1CH2XCHCO02XH3+ CH2=CHCOXH3— >

hXxXoX co2h3
ClCHZCIHCHZIIH- (6)
h3coXx coxh3
cich2hchZh-+ CF3Cl— 9-
h3XxoXx co2h3

C1CH2CHCHZ2HSCF3+ CI- (7)

This reaction is wholly analogous to previously stud-
ied examples of free-radical additions of CF3Cl to
unsymmetrical double bonds.5

Dehydrochlorination of the 1:1 adduct fraction was
easily achieved by treatment with triethylamine in
anhydrous ether, and methyl a-(trifluoromethylthio)-
acrylate (5) was obtained in over 60% yield (eq 8).
The proof of structure for 5 is based primarily upon
spectral evidence. Thus the '"H nmr pattern (Table II)

(5) J. F. Harris, Jr., J. Amer. Chem. Soc., 84, 3148 (1962).
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cf3 cf3

CHZCCO2CH3 (8)
5

CICH2CHCO2CH3 + (CZHE)N

indicates two vinyl protons each spin coupled to the
CF3group by 8-9 Hz but apparently not coupled to one
another, consistent with their being on the same carbon
atom. This pattern is clearly different from those of
the isomeric cis- and trans-methyl /3-(trifluoromethyl-
thio)acrylates discussed later in this paper. Further
support for structure 5 is seen in the infrared spectrum,
which contains a =CH stretch band at 3106 cm-1 in
the region consistent for a RZC=CH 2 type structure.6
The C=C stretch band occurs at 1603 cm-1. After
several days at room temperature, 5 polymerized to a
solid polymer.

Treatment of the CF3SCl-methyl acrylate 1:1 adduct
fraction with dilute aqueous HC1 at reflux also resulted
in dehydrochlorination, giving a small amount of 5,
a-(trifluoromethylthio)acrylic acid (6) (32%), and a
high-boiling fraction containing (trifluoromethylthio)-
hydroxypropionic acid (7) (eq 9). The vinyl proton

CF3®
HCI
CLCHZHCOXH3+ HD -
cf3s cf3 cf3s

CH2=CCOZXH3+ CH2=CCOH + HOCH2CHCO2H (9)
5 6 7

portion of the *H nmr spectrum of the acid 6 (Table I1)
is similar to that of the ester 5 and indicates that the
product is indeed the a-CF3 acid. On the basis of
elemental analysis and the infrared spectrum, it was
concluded that the high-boiling fraction is a CF3-
substitutcd hydroxypropionic acid. The infrared spec-
trum contains a broad band in the 3330 cm-1 region
(OH), a broad band at 2632 cm-1 (acid OH), bands at
2967 and 2899 cm-1 (saturated CH), and a carbonyl
band at 1733 cm-1 as well as bands in the 1110-1250
cm-1 region (CF). There was no indication of carbon-
carbon unsaturation. The IF nmr spectrum contains
two resonances in a ratio of 80:15, thus indicating the
presence of two CF35-containing compounds in the
fraction. The 85% peak is unsplit and is no help in
structure assignment. The 15% peak is split to a
triplet (J = 0.7 Hz), suggesting that the minor com-
ponent is probably a-hydroxy-/3-(trifluoromethylthio)-
propionic acid. The major component is thus pre-
sumed to be /3-hydroxy-«-(trifluoromethylthio)pro-
pionic acid (7), although admittedly other isomeric
structures are possible.

It is not clear from the experiment just described
whether the hydroxy acids arise from a substitution
reaction on the saturated ester (or acid), or whether
there is first a dehydrochlorination followed by addi-
tion of the elements of water. Addition of water to
the double bond was observed in an experiment in
which the ester 5 was heated with dilute HCI giving the
unsaturated acid 6 and the hydroxy acid 7 as major
products. Another addition to the double bond oc-
curred when the acid 6 was treated with excess mor-
pholine. Although not proved, the structure of the
product, isolated as the morpholine salt, was assumed
to be 8.

6 L J. Bellamy, “The Infrared Spectra of Conmplex Molecules,” 2rd
ed, Wiley, New York, N. Y., 1958 p 34

Harris

cf3
nchXhco2 hh
8

Application of the traditional sequence for converting
acids to nitriles gave very small amounts of a-(trifluoro-
methylthio)acrylonitrile (9) (eq 10).

SCF3  j. soci. SCF3
2. NH,

CH2=CCOH -meememe CH2=CCN (10)
3. PAR g

Somewhat higher yields were obtained from a two-
step process starting with acrylamide and CF35C1

(eq 11). The structure assigned to this nitrile (9) is
(@)
acetonitrile
CF33Cl + ch2 chcnh 2-mmmmmmmeee
scf3 scf3

| p:os
[CICHXHCONHZ — > CH2CCN (11)
9

based primarily upon the similarity of the vinyl proton
portion of the *H nmr pattern to that of the other
compounds in the a-CF 3 series (Table I1).

Another entry into the synthesis of a-CF3S-sub-
stituted acrylonitrile derivatives is via Knoevenagel
reactions of aldehydes and ketones with (trifluoro-
methylthio) acetonitrile (10) (prepared according to eq
12). The reaction appears to be rather general, and

CFjSCl + CHZ=C=0 — >

(@)
I 1 NHi
CFBCHXCL---- > CFBCHXN (12
2. PAR in

examples were carried out with aldehydes and ketones
containing both aromatic and aliphatic substituents
(eq 13) (Tables I11-V).7

SCFt

R(R)C=0 + CF3CH.CN — R(R)C=C% (13)

CN

As with other Knoevenagel reactions, those examples
with hydrocarbon aromatic aldehydes were most rapid
and went in highest yield.8 In the reactions with
aliphatic ketones and pentafluorobenzaldehyde,9 rela-
tively large amounts of catalyst were used in order to
achieve substantial reactions. In all cases, the ex-
pected a-CF3 acrylonitrile was obtained as the major
product, but sometimes minor yields of higher boiling,
unidentified compounds were also noted (Table II1).
The elemental analyses and infrared, ‘H, and 19 nmr
spectra from all of the major products were consistent
with the assigned acrylonitrile structure (Tables IV and
V). In those reactions with unsymmctrical carbonyl
compounds, both the cis and trans isomers of the ex-

(7) Knoevenagel reactions involving sulfonyl-substituted acetonitriles
and aryl- or alkylthioacetic acids and -acetamides as the active methylene
component are well known, but the reactions reported in this paper are
apparently the first employing an acetonitrile with a thiyl substituent:
G. Jones, “The Knoevenagel Reaction,” in “Organic Reactions,” Vol. 15,
Wiley, New York, N. Y., 1967.

(8) G. Jones, “The Knoevenagel Reaction,” in “Organic Reactions,”
Vol. 15, Wiiey, New York, N. Y., 1967.

(9) The lower reactivity of pentafluorobenzaldehyde compared with
benzaldehyde in Knoevenagel reactions has been noted previously: N. G.
Ivanova, V. A. Barkhash, and N. N. Vorozhtsov, J. Gen. Chem. USSR, 39,
1317 (1969).
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Tablte Il

K noevenagel Reactions of Aldehydes and Ketones with CFSCH3N

Aldehyde Piper- Reflux Product
or ketone, CFiSCHICN, idine, Benzene, time, (yield of distilled
g (mol) g (mol) mi ml hr product, %) Comments

-SCF,
cth &cho 20 3 145 Vv CoHsCH— C- The i#F nmr spectrum of crude product indi-
16.0(0.151) (0.142) ) XN cated two isomers in a ratio of 90.1:8.6.

83
-SCF,
p-CICsBUCHO 20 3 145 i‘A p-CICiH,CH=<"
20(0.142) (0.142) CN
(68)

-SCF, The **F nmr spectrum of the distilled product
C»FiCHO 10 5% 70 72A C*FAH=C(( L . . :

17(0.0866) (0.0707) indicated two isomers in a ratio of 79:21.
(63)

-SCF, Gc before distillation showed 83.9% expected
n-C3H7CHO 10 1.5 70 2 C,H,CH=a product (two isomers — ratio 71:29) and
6(0.0831) (0.0707) 45) 16.1% of higher retention time materials.

SCF, . . Lo . .
CEHEC (=0)CH 3 10 5.5% 70 251A CR@CH,)=CA Gc before distillation indicated two isomers in
9.1(0.0757) (0.0707) XN a ratio of 41:59.
(34
ISCF, L .
CHE (=0)C H5 10 50" 70 22V 2 (CH)C—C Gc before distillation showed 76.8% expected
10 (0.116) (0.0707) XN product plus two other materials.
’ (34
0
Gc before distillation showed 91% expected
A 10 1.5 70 21"A - product plus 9% of an unknown material at
10(0.119) (0.0707) (41) longer retention time.
“ Addition of an initial 1.5 ml of piperidine resulted in the separation of very little water after 1 hr or more of reflux. Additional
piperidine was added, usually in 1.5-ml increments, until the totals shown were obtained.
Table IV
Products from Knoevenagel Reactions of CFSCH2N
Hydrogen, Nitrogen,
Registry Bp, Molecular Carb<on, %—% /------ % --——-- >aFluoieire, %- — 9%— . ~Sulfur, % --
Structure no. °C (mm) formula Caled Found Caled Found Caled Found Caled Found Caled Found
-SCF, .
CftCH—C- 7437-06-0 69 (0.15) CioHeFsNS 24.9 25.1 14.0 13.6
XN
-SCF,
pCIC.H.CH—C 7437-05-9 102(0.4) CioHsCIFaNS 5.3 5.7 12.2 12.4
CN 108(0.5)
-SCF,
OFiCH—GT 34033-90-4 67-71 (0.1) CmHFsNS 376 382 0.3 0.7 476 47.0 10.0 10.3
CN 38.0 0.5 47.4 10.1
ISCF,
u-CRTCH= ¢ 34033-91-3 69-80 (16) CMsFjNS 43.1 43.3 4.1 4.3 29.2 29.1 16.4 16.8
XN 43.1 4.3 29.1 16.8
SCF,
CftdCHM 34033-92-6 81 (0.2) CuHsFjNS 54.3 54.3 3.3 3.7 23.4 23.5
XN 94(0.45) 54.1 3.8 23.3
-SCF,
(CHy,C=<" 34033-93-7 61(1.75) CsHioFsNS 46.0 45.8 4.8 4.9 15.3 15.6
XN 45.5 4.7 15.7
, 4033-94-8 40(0.025) CsHsFiNS 46.4 46.4 3.9 4.2 27.5 26.8
O 'C g 46.5 4.0 27.0
pected products were detected by gas chromatography CFBH + HC=CCOXHS3 CF3SCH=CHCOXH3 (14)

and the nmr spectra, but in no case could a specific
assignment be made on the basis of the spectra ob-
tained. The proportion of the two isomers varied from
91:9 with benzaldehyde to 41:59 with acetophenone.
/3-CF35-Substituted Acrylic Acid Derivatives.—A
route to B-CF3 acrylic acid derivatives was provided
by the uv-catalyzed addition of CF3SH to methyl
propiolate, which yielded methyl ~-(trifluoromethyl-
thio)acrylate (11) in over 50% vyield (eq 14). This
process gave both the cis and trans isomers (ratio
77.5:22.5), which were isolated by preparative-scale

n

gas chromatography. Structures were assigned on the
basis of the IH nmr spectra, each of which contained in
addition to a CH3resonance two coupled vinyl proton
resonances: J 10 (77.5% isomer) and 15.6 Hz
(22.5% isomer). Since trans H-H coupling is almost
always greater than cis H-H couplingDin such struc-

(10) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “ High-Resolution
Nuclear Magnetic Resonance,” McGraw-Hill, New York, N. Y., 1959, p
238.



1344 J. Org. Chem., Vol. 87, No. 9, 1972

Harris

Table V
Spectral Characterization of Products from Knoevenagel Reactions of CFESCH2N
1% nmr
(ppm from 19F
Compd Infrared, cm 1 *H nmr (ppm from TMSI) resonance of CIsCF)
1592, 1570, 1531, 1499 (C=C) Complicated pattern in vinyl and aro- 2CF3s
/SCF, 3058 and 3096 (=CH) matic proton region at 7.4-8.0 Major —43.2 (1)
chxh= ¢ 2222 (-C=N) Minor -41.3 (1)
XN 1105 and 762 (-SCFs)
688 and 742 (monosubstituted
aromatic)
1658, 1600, 1524, 1504 (C=C) Single resonance in vinyl region at 7.67 2CFs's
3058 (=CH) (4, broad), J = 1.2 Hz Major —42.4 (1)
IS8 2257 (-C=N) Minor —40.9 (3) J = 3 Hz
WL H=a 762 (-SCFs) Three groups of aromatic CF
Strong absorption at 1100 centered at —138.0,
region (-CF) -148.6, -161.0
Overlapping CHa's at 2.58 and 1.63 2CFs's
/SCF3 Overlapping CHa's at 1.0 Major -43.8 (1)
nCHICH=C 2 vinyl H's Minor -42.2 (1)
major, 7.18 (3)J = 7.8 Hz
minor, 7.28 (3) J = 7.6 Hz
1592, 1570, 1497 (C=C) Aromatic protons at 7.0-7.6 2CFa’s
2967, 2874 (-CH) Two CHs's at ca. 2.58 separated by 2 Hz Major -42.5 (4) J = 0.5 Hz
SCF) 8086 (=CH) Both unsplit, but smaller one is broad Minor -42.4 (1)
OHEC(CH3==C" 706 (monosubstituted aromatic)
XN 2227 (-C=N)
1374 (—€CHa)
1101, 765 (-SCFs)
SCF1 1590 (C=C) At 220 Mcps two triplets (CHs's) at CFa
(C3H.c=C ’ 3003, 2976, 2907 (-CH) 1.12 and_ 1.22 (3 = 7.5 Hz) -43.1 (1)
' 2232 (-C=N) Two superimposed quadruplets (CH”s)
1110, 762 (-SCFa) at 2.65J = 7.5 Hz
1616 (C=C) Two multisplit CH2 resonances at 1.90 CFs
ISCF3 2994, 2907 (-CH) and 2.78 -42.9 (1)
N 2227 (~C=N)

1107, 762 (-SCFs)

tures, it is concluded that the more prevalent isomer
obtained in this reaction is methyl-ci's-fl-(ti ifluoro-
methylthio)acrylate (11a). Support for this assign-

cf3 /| cokh!! CFjs H
) C=Cs N
H H CO,CH;
1lla Ub

ment is seen in the infrared spectrum of the trans isomer,
which contains a band at 949 cm-1, a frequency consis-
tent with the C-H out-of-plane bending frequency often
observed in trans-disubstituted olefins.11 The pre-
dominance of the cis adduct is consistent with several
previously studied free-radical additions of thiols to
acetylenes.2

From the ester mixture (11a and Iib) were obtained
the acid 12, acid chloride 13, amide 14, and the corre-
sponding nitrile 15 by conventional procedures (eq 15).

HCI SOCI;
cf3dch=chco2Zh3— " cf3&ch=chcozh — >
11 H2° 12
NHi
CF3SCH=CHCOCI — >-
13
[3205)

CF3SCH=CHCONH2— CF33CH=CHCN (15)
14 15

(11) C. N. R. Rao, “Chemical Application of Infrared Spectroscopy,”
Academic Press, New York, N. Y., 1963, p 152, 153.

(12) The cis adduct arises from a two-step, overall trans addition, and
this appears to be the preferred stereochemistry of radical thiol additions
to acetylenes: O. Simamura, “The Stereochemistry of Cyclohexyl and
Vinylic Radicals,” in “Topics in Stereochemistry,” Voi. 4, E. L. Eliel and
N. L. Allinger, Ed., Wiley, New York, N. Y., 1969, pp 23-25.

The nitrile mixture contained two isomers (ratio
72:28), and the nmr patterns (Table 11) show that,
as in the case of the esters, the cis isomer (15a) pre-
dominates.

CF3 CN CF3> h

/ C=CN Nc=c
H H HX X CN
15a 15b

Experimental Section

Reaction of Trifluoromethanesulfenyl Chloride with Methyl
Acrylate.—Into a quartz tube (12 X 1.5 in.) fitted with a drop-
ping funnel, a gas inlet tube, a magnetic stirrer, and a Dry Ice
condenser, was added 92 g (0.673 mol) of liquid CF3C1.13
Freshly distilled methyl acrylate (7 ml) was added, and the
mixture was irradiated with a low-pressure mercury resonance
lamp for 0.5 hr. This procedure was repeated four times, i.e.,
until a total of 35 ml (0.388 mol) of methyl acrylate had been
added. After the last addition, the mixture was irradiated for
1 hr. The excess CF3SC1 was distilled off, and then the residue
was fractionated through a small spinning-band still. There
was obtained 40 g (46%) of a 1:1 adduct fraction distilling at
66-72° (25 mm), NnZD 1.4152, and 11.83 g (19%) of a 2:1 adduct
fraction distilling at 70-72° (0.20 mm), nZn 1.4385. 1S nmr
spectra indicated that each fraction contained two major com-
ponents in ratios of 90:10 (1:1 adduct fraction) and 55:45
(2:1 adduct fraction).

Anal. calcd for 1:1 adduct CsHeCIF/hS: C, 27.0; II,
2.7;S, 14.4. Found: C, 27.6; H, 3.1; S, 14.2. Calcd for 2:1
adduct CH ,XCIF,S: C, 35.0; H, 3.9; S, 10.4. Found: C,
35.2; H, 4.2; S, 10.6.

Dehydrochlorination of the 2:1

Methyl Acrylate-CF35C1

(13) CFaSCl (bp 0°) is highly toxic and should be handled only in an
efficient hood.
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Adduct.— A mixture of 30 g (0.0970 mol) of the 2:1 methyl acry-
late-CF3CI adduct, 10 g (0.0987 mol) of triethylamine, and
100 ml of tetrahydrofuran was refluxed for a period of 20 hr. A
gas chromatogram indicated that a very small amount of start-
ing material remained and that essentially a single product was
present. The mixture was filtered and the triethylamine hydro-
chloride was rinsed and dried on the filter, yield 12.03 g (90%).
Distillation of the filtrate through a small Vigreux still yielded

20.78 g (78.4%) of dimethyl «-methylene-a'-(trifluoromethyl-
thio)glutarate distilling at 52° (0.10 mm), rexd 1.4301 (>97%
pure by gas chromatography).

Anal. cCalcd for COHNF4S: C, 39.7; H, 4.1; F, 20.9.
Found: C, 39.9; H, 4.1; F, 21.6, 21.3.

The infrared spectrum contains bands at 2994, 2959, and 2849
(saturated CH), 1742 and 1721 (>C =0), 1656 (-C=C-), ca.
1110 (broad) (CF), 756 (-SCF3), and 954 cm“1 (CH2=C <).
The IH and 19 nmr spectra are tabulated in Table II.

Reaction of Methyl «-(Trifluoromethylthio)-0-chloropropionate
with Triethylamine. Preparation of Methyl «(Trifluoromethyl-
thio)acrylate.— To a solution of 10 g (0.045 mol) of the 1:1
methyl acrylate-CF3SCIl adduct fraction in 75 ml of anhydrous
ether was added 6.2 ml of triethylamine. After the resulting
mixture was stirred for 0.5 hr, it was filtered and the solid was
rinsed on the filter with anhydrous ether. Distillation of the
ether solution through a small Vigreux still yielded 6.0 g.
(72%) of methyl «-(trifluoromethylthio (acrylate as a colorless
liquid distilling at 58-60° (42 mm), n2d 1.4067.

Anal. cCalcd for CsHjFAS: C, 32.3; H,
Found: C, 32.7; H, 2.8; F, 30.3.

Hydrolysis of Methyl a-(Trifluoromethylthio)-/3-chloropropi-
onate.— A mixture of 45 g (0.202 mol) of the 1:1 methyl acrylate-
CF3SC1 adduct, 60 ml of concentrated HC1, and 300 ml of dis-
tilled water was refluxed for 15 hr. The mixture was cooled in
an ice-water bath, and the organic layer was separated. Fol-
lowing three extractions of the aqueous layer with 100 ml of
ether, the extracts and the organic layer were combined, dried
over anhydrous magnesium sulfate, and distilled through a small
spinning-band still. After a fraction containing some methyl «-
(trifluoromethylthio)acrylate was obtained, 11.04 g (32%) of

2.7, F, 30.6.

colorless a-(trifluoromethylthio)acrylic acid distilled at 68-
72° (2.00 mm), n2D 1.4213-1.4240.
Anal. calcd for CHFD2S: F, 33.1; S, 18.6. Found:

F, 33.2; S, 17.7.

In addition there was obtained 7.62 g (20%) of a viscous frac-
tion distilling at 97.5-99° (0.025 mm) which contained isomers
of (trifluoromethylthio)hydroxypropionic acid. A 19 nmr indi-
cated the presence of two CF35-containing materials in a ratio
of 85:15.

Anal. calcd for CHFD S: C, 25.2; H,
Found: C, 25.8,25.9;H, 2.7,2.6; F, 30.7, 30.7.

Hydrolysis of Methyl a-(Trifluoromethylthio)acrylate.— A
mixture of 11.86 g (0.0636 mol) of methyl «-(trifluoromethyl-
thio)acrylate, 100 ml of distilled water, and 23 ml of concen-
trated HC1 was refluxed for a period of 15 hr. The mixture was
cooled, the organic layer was separated, and the aqueous layer
was extracted twice with 50 ml of ether. The combined
extracts and organic layer were dried over anhydrous
magnesium sulfate and distilled through a small Vigreux
still. There was obtained 3.62 g (33%) of «-(trifluoromethyl-
thio)acrylic acid as a colorless liquid distilling at 64-69° (1.0
mm), n2sD 1.4207, and 3.90 g (32%) of (trifluoromethylthio}-
hydroxypropionic acid(s) as a viscous, colorless liquid distilling
at 102° (0.7 mm), n2sD 1.4284.

Reaction of «-(Trifluoromethylthio (acrylic Acid with Mor-
pholine.—To a stirred solution of 2.0 g (0.01163 mol) of «-
(trifluoromethylthio)acrylic acid in 20 ml of anhydrous ether
was slowly added 2.20 g (0.0252 mol) of morpholine in 10 ml of
ether. After the mixture had stood for 1 hr, it was filtered to re-
move the product presumed to be morpholinium /3-V-mor-
pholino-a-(trifluoromethylthio(propionate, yield 3.07 (76%), mp
95°.

Anal. cCalcd for CIH2AFN204S: C, 41.6; H, 6.1; F,
S,9.3. Found: C,41.5;H,5.8;F, 16.7;S, 9.4.

Conversion of a-(Trifluoromethylthio(acrylic Acid to «-
(Trifluoromethylthio(acrylonitrile.— A mixture of 9.0 g (0.0756
mol) of thionyl chloride and 11.09 g (0.0644 mol) of «-(trifluoro-
methylthio)acrylic acid was stirred at room temperature for
1.5 hr and then at gentle reflux for 6.5 hr. Distillation through
a small spinning-band still gave 4.48 g (36%) of «-(trifluoro-
methylthio)acrylyl chloride distilling at 50-52° (40 mm).

2.6, F, 30.0.

16.4,
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Anhydrous ammonia was passed through 3.56 g (0.019 mol)
of this acid chloride in 30 mlof anhydrous ether until there was no
further precipitation. The mixture was filtered, the residue
was rinsed with ether, and the filtrate and rinsings were com-
bined and evaporated to dryness. The resulting gummy residue
was mixed with several grams of anhydrous phosphorus pentoxide
and placed in a flask heated by an oil bath and connected through
two acetone-Dry Ice cooled traps to the water pump. The
system was evacuated, and the oil bath was heated to 160° dur-
ing 3.5 hr and maintained at 150-160° for 5 hr. There col-
lected in the receiver 0.25 g of colorless liquid, re2sd 1.3990.
The infrared spectrum contained bands at 3125 and 3021 (=CH),
2232 (conjugated C=N), 1600 (conjugated C=C), and 758
cm-1 (CF3).

Preparation of «-(Trifluoromethylthio(acrylonitrile from CF3
SC1 and Acrylamide.— Trifluoromethanesulfenyl chloride was
passed into a stirred solution of 100 g (1.41 mol) of acrylamide
in 500 ml of acetonitrile until 272 g (1.99 mol) of CF3C1 had
been absorbed. The resulting mixture was allowed to stir
for a short time, and then the excess reactants were removed
in vacuo on the oil pump. The liquid residue (267 g) was mixed
as well as possible with 430 g of phosphorus pentoxide in a 2-1.
flask fitted with an oil bath and a short-path stillhead whose re-
ceiver was connected to a water aspirator through two Dry Ice-
acetone cooled traps. The flask was also fitted with a paddle
stirrer which was manipulated by hand to periodically mix the
components as well as possible. The system was evacuated and
the oil bath was warmed slowly to 150°. Material began to dis-
till at ca. 100°. The oil bath was maintained at 150-180° for
3 hr, whereupon the system was evacuated with an oil pump for
an additional few minutes. Distillation of the combined
distillate and trap contents through a small spinning-band still

gave 10.97 g of a fraction boiling at 44-73° (43 mm), n24D

1.3999. Careful redistillation of this fraction yielded pure «-
(trifluoromethylthio(acrylonitrile distilling at 44° (37 mm),
n2sD 1.3977.

Anal. calcd for C4HZFNS: F, 37.2; N, 9.1; S, 20.9.
Found: F, 37.3; N, 9.3; S, 21.1.

Preparation of (Trifluoromethylthio(acetonitrile. A. Prep-

aration of (Trifluoromethylthio(acetyl Chloride.— Into a solution
of 35 g (0.256 mol) of CF3C1 in 200 ml of anhydrous ether con-
tained in a flask fitted with a magnetic stirrer, an acetone-Dry
Ice filled reflux condenser, and a gas addition tube, was passed
ketene until the characteristic yellow color of the sulfenyl
chloride was gone. After the mixture had stood for 18 hr, it
was distilled through a small spinning-band still. There was
thus obtained 31.20 g (68%) of (trifluoromethylthio(acetyl
chloride distilling at 56° (90 mm), n2sD 1.4040-1.4083.

Anal. cCalcd for CH2CIFS: F, 31.9; S, 18.0.
F, 30.7; S, 17.5.

B. Preparation of (Trifluoromethylthio)acetamide.—
monia was passed through a stirred and cooled solution of 25 g
(0.140 mol) of (trifluoromethylthio)acetyl chloride in 200 ml
of anhydrous ether until there was no further reaction. The
mixture was warmed to room temperature and then filtered.
Upon evaporation of the filtrate in vacuo, there was obtained a
liguid residue which crystallized when pentane was added, yield
21.05 g (94%), mp 84.5-86.5°. After one recrystallization
from benzene, (trifluoromethylthio(acetamide was obtained as
colorless plates melting at 88-89°.

Anal. cCalcd for CH4FNOS: C,
Found: C, 22.8; H, 2.6; S, 20.3.

C. Dehydration of (Trifluoromethylthio)acetamide.— A mi
ture of 10 g (0.0628 mol) of (trifluoromethylthio)acetamide and
10 g (0.0705 mol) of anhydrous P2 5was shaken in a flask until
thoroughly mixed. The flask was then fitted with a small still
whose receiver was connected through an acetone-Dry Ice
cooled trap to a water aspirator. The system was evacuated
and then the flask was heated with an oil bath at 160° for at least
0.5 hour. Upon distillation of the combined receiver and trap
contents through a small spinning-band still, there was obtained
5.8 g (65%) of (trifluoromethylthio)acetonitrile as a colorless
liguid distilling at 59° (34 mm), nZD 1.3831.

Anal. cCalcd for C3H2Z3NS: C, 25.7; H, 1.4; N,
22.7. Found: C, 26.2; H, 1.6; N, 10.2; S, 23.6.

Reaction of Carbonyl Compounds with (Trifluoromethylthio)-
acetonitrile.— All of these reactions were carried out in about
the same manner. The reaction with benzaldehyde is described
below in detail. The results of the other experiments are given
in Tables IIl, IV, and V.

Found:

22.6, H, 2.5, S, 20.1.

9.9; S,
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A mixture of 16 g (0.151 mol) of benzaldehyde, 20 g (0.142
mol) of (trifluoromethylthio)acetonitrile, 3 ml of piperidine,
and 145 ml of benzene was refluxed in an apparatus fitted with a
water separator. After 0.5 hr of refluxing, the separation of
water had stopped. The reaction mixture was extracted twice
with 50 ml of water, twice with 50 ml of 3% aqueous hydro-
chloric acid, and once with 50 ml of saturated aqueous sodium
bicarbonate solution. After being dried over anhydrous mag-
nesium sulfate, the mixture was distilled. There was thus ob-
tained 23.06 g (83%) of O-phenyl-a:-(trifluoromethylthio)acrylo-
nitrile as a colorless liquid distilling at 69° (0.15 mm), n“i)
1.55009.

Anal. cCalcd for CwHE&3NS:
25.1; S, 13.6.

A 19F nmr spectrum on a similar mixture after the distillation
of the benzene, but before the distillation of the product, showed
two major fluorine-containing components which are presumably
the cis and trans isomers in a ratio of 90.1:8.6. Distillation
through a spinning-band still gave a fraction which was 98%
one isomer.

Addition of Trifluoromethanethiol to Methyl Propiolate.—
A mixture of 42 g (0.50 mol) of methyl propiolate and 62 g (0.607
mol) of trifluoromethanethiol contained in a quartz tube (12 X
1.5 in.) fitted with a Dry lIce condenser was irradiated with a
spiral-shaped, low-pressure mercury resonance lamp for 46.25
hr. After the excess volatiles had been allowed to evaporate,
the reaction mixture was distilled through a small spinning-band
still. There was obtained 14.09 g of recovered methyl propiolate
and 35.25 g (57%) of a 1:1 adduct fraction distilling at 62° (95
mm) and 46° (13 mm). There remained 20.12 g of viscous resi-

F, 24.9; S, 14.0. Found: F,

due.
Anal. calcd for CHZF,025: C, 32.3; H, 2.7; F, 30.6.
Found: C, 32.8; H, 3.0; F, 31.6.

A gas chromatogram indicated the presence of both the cis
and trans isomers in a ratio of 77.5 (cis):22.5 (trans). Pure
samples of each were obtained by preparative-scale gas chro-
matography with a 12 ft X 0.75 in. column packed with 20%
“Diglyceride” on Chromasorb at 125°.

Methyl cis-/3-(trifluoromethylthio)acrylate had bp 56° (20
mm), n2dn 1.4246.

Anal. calcd for CHF02S: C, 32.3; H, 2.7; F, 30.6; S,
17.2. Found: C, 32.7;H,2.5;F, 30.6;S, 17.3.

Methyl trans /3-(trifluoromethylthio)acrylate (not
had n24n 1.4211.

The *H and ,9F nmr spectra of these isomers are tabulated in
Table 11.

Hydrolysis of Methyl /3-(Trifluoromethylthio)acrylate (Cis
and Trans lIsomers).—A mixture of 62 g (0.335 mol) of
methyl 3-(trifluoromethylthio)acrylate, 1 1. of distilled water,
and 250 ml of concentrated HC1 was refluxed for 18.5 hr. After
being cooled to room temperature, the mixture was extracted
three times with 200 m| of ether. The extracts were dried over
anhydrous magnesium sulfate and distilled through a small
Vigreux still. There was obtained 5.80 g of recovered methyl
A-(trifluoromethylthio)acrylate and 45.15 g (87%) of /3-(tri-
fluoromethylthio)acrylic acid as a colorless liquid distilling at
93-96° (13 mm).

Anal. calcd for CHFDS: C,
Found: C, 28.1; H, 1.7; F, 32.3.

Conversion of 5-(Trifluoromethylthio)acrylic Acid to i3
(Trifiuoromethylthio)acrylonitrile. A. Preparation of (j-(Tri-
fluoromethylthio)acrylyl Chloride.— A mixture of 100.7 g
(0.5S3 mol) of /3-(trifluoromethylthio)acrylic acid and 60 ml of
thionyl chloride was stirred for 16 hr and then gently refluxed for
4 hr. Upon distillation of the reaction mixture through a small
spinning-band still there was obtained 73 g (65.5%) of /3-(tri-
fluoromethylthio)acrylyl chloride distilling at 48° (29 mm),
k2sda 1.4553. There was also recovered 16.5% of /3-(trifluoro-
methylthio)acrylic acid.

distilled)

27.9, H, 1.8, F, 33.1.

Harris

B. Preparation of /3-(Trifluoromethylthio)acrylamide.— Am-
monia was passed through an ice-cooled solution of 11.6 g
(0.0746 mol) of /3-(trifluoromethylthio)acrylyl chloride in 100
ml of anhydrous ether until there was no more precipitation.
The reaction mixture was filtered, the solid was rinsed on the
filter with ether, and the filtrate and rinsings were evaporated to
dryness. There was obtained 9.88 g (94%) of crude /3-(tri-
fluoromethylthio)acrylamide melting at 95-98°. After recrystal-
lization from benzene (11 ml/g), the product was obtained as
fine white needles melting at 102-102.5°.

Anal. cCalcd for CH4FNOS: F, 33.3; N, 8.2; S, 18.7.
Found: F, 34.1; N, 8.0; S, 17.6.

C. Dehydration of (i-(Trifluoromethylthio(acrylamide—A
mixture of 8.85 g (0.0577 mol) of finely ground (j-(trifluororneth-
ylthio)acrylamide and 25 g (0.176 mol) of anhydrous P2 5was
placed in a small, round-bottomed flask fitted with an oil bath
and a small still head whose receiver was connected through an
acetone-Dry lIce cooled trap to a water aspirator. The system
was evacuated, and during 2.5 hr the oil bath was heated to
175°. During this time, 6.76 g of distillate collected in the re-
ceiver. Distillation of this material through a small spinning-
band still yielded 5.29 g (67%) of /3-(trifluoromethylthio)acryloni-
trile distilling at 62° (48 mm), N2d 1.4203.

Anal. calcd for C4H2FNS; F, 37.2; N, 9.1; S, 20.9.
Found: F, 36.8; N, 9.4; S, 21.4.

The infrared spectrum is consistent with a mixture of the cis
and trans isomers of /3-(trifluoromethylthio)acrylonitrile: ir
3067 (=CH), 2217 (-C=X), 1577 (C=C), 1111 (CF), 756
(-SCF3), 950 (trans CH=CH), 711 cm*“' (cis CH=CH). A
gas chromatogram showed the presence of two isomers in a ratio
of 70.5 (cis):29.5 (trans). Samples of each were separated with
a 12 ft X 0.75 in. column packed with 20% “ Diglyceride” on
Chromosorb at 100°.

cis-/3-(Trifluoromethylthio)acrylonitrile had bp 62° (45 mm),
vizaa  1.4158.

Anal. calcd for CHEFNS: F,
Found: F, 37.2; N, 9.3; S, 20.6.

iraras-/3-(Trifluoromethylthio)acrylonitiile had bp 64° (45
mm), razsp 1.4242.

The 'H and 19 nmr resonances of these isomers are tabulated
in Table I1I.

Nmr and Infared Spectra.— 1% nmr spectra (56.4 MHz)
were obtained from 10% solutions of the compounds in carbon
tetrachloride with a Varian A-56/60 spectrometer. All 'H
nmr spectra were also obtained from carbon tetrachloride solu-
tions with a Varian A-60 spectrometer, except in one case (Table
V) in which a Varian HR-220 spectrometer was used. The
13C spectrum (25.1 MHz) was obtained with a Varian HA-100
spectrometer modified for noise decoupling. Chemical shifts
are reported in parts per million from the resonance of tetra-
methylsilane (44) or fluorotrichloromethane (19F) as internal
standards and methyl iodide (13) as an external standard. In
accordance with the recommendations published in ASTM E-
386-69 T, chemical shifts at higher field than the resonance of the
standard are designated as negative.

The infrared spectra were determined with a Perkin-Elmer 21
(prism) spectrometer.

37.2;, N, 9.1, S, 20.9.

Registry No.—1, 34033-72-2; 3, 34033-73-3; 4,

34033-74-4; 5,13122-60-6; 6,13137-45-6; 7,34033-77-
7; 8, 34145-34-1; 9, 7347-10-6; 10, 34033-79-9;
11, 13122-56-0; 1la, 34033-81-3; lib, 34033-82-4;

12, 7347-02-6; 13, 7347-01-5;
34033-86-8; 15b, 34033-87-9;
acetyl chloride, 1645-79-0;
amide, 1737-79-7.

14, 7347-00-4; 15a,
(trifluoromethylthio)-
(trifluoromethylthio)acet-
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Bis(trifluoromethyl)thioketene adds to alcohols and thiols to form thio esters and to amines to give thioamides.

With 1,3-disubstituted triazenes compounds of the formula ArSC(=NR)CH (CF?3)2 are formed.

Dimethyl-

anilines give ArN(CH3CHZXISCH=C(CF3)2and ethers form ROCHRSCH=C(CF3)2 Silicon and tin hydrides

add to yield products with sulfur-metal bonds.
pounds containing the C=CC-SCH =C(CF3)2unit.
tatriene, bieyclobutane, and bicyclo[4.2.0]oct-7-ene.
methyleneindoline, and 6-(dimethylamino)fulvene.
formula (CF32C=C=NR.

Synthesis and cycloaddition reactions of bis(tri-
fluoromethyl)thioketene were reported in part 1.1
This paper describes acyclic derivatives to illustrate
further the range of reactivity of the thioketene.

Addition to Water, Alcohol, and Thiols.—The reac-
tivity of bis(trifluoromethyl) thioketene resides, in most
instances, in the thiocarbonyl group, as reflected in its
cycloaddition reactions. Normal additions to active
hydrogen compounds are therefore believed to proceed
through the enethiol.

SH s
(CFs)x=C=S | I
R H wmoemememene — > (CF3X=CR — = (CF3XHCR

In the special case of water, a thiono acid may be
another possible intermediate.

SH S

(CF3,c=Cc=8 (CF3)..C=COH — * <CF3),CHCOH

1

0

1
................. m  (CF3)ZTHCSH

Addition of methanol or ethanol forms (CF32ZHC-
(=S)OR which, like certain other sulfur compounds,2
produces white, faintly oxyluminescent fumes in air, a

(1) M. S. Raasch, J. Org. Chem., 35, 3470 (1970). To the literature
synopsis therein may be added: (a) Reaction of alkylthiophenylacetylenes
with amines to form phenylthioacetamides is postulated to proceed through
phenylthioketene. M. L. Petrov, B. S. Kupin, and A. A. Petrov, Zh. Org.
Khim., 5, 1759 (1969); J. Org. Chem. USSR, 5, 1705 (1969). (b) Pyrolysis
of I,I-diphenyl-2-ethoxy-2-(ethoxythiocarbonylthio)ethylene or ethyl di-
phenylthionoacetate gave diphenylthioketene dimer. A. Schonberg, W.
Knofel, E. Frese, and K. Praefcke, Chem. Ber., 103, 949 (1970). (c) Carbo-
methoxycyanothioketene, generated in situ, combines with 2-methylthio-
benzhydrazide to form mesoionic 2-(carbomethoxycyanomethylene)-4-
methyl-5-phenyl-1,3,4-thiadiazole. R. Grashey, M. Baumann, and R.
Hamprecht, Tetrahedron Lett.,, 5083 (1970). (d) Perfluoroisobutene reacts
with sulfur and potassium fluoride to form (CFi)jC==C=S dimer. B. L.
Dyatkin, S. R. Sterlin, L. G. Zhuravkova, and I. L. Knunyants, Dokl. Akad.
Nauk SSSR, 183, 598 (1968); Proc. Acad. Sci. USSR, 183, 1018 (1968).
(e) Reaction of perfluoroisobutene with potassium diethyl thiophosphate,
potassium thiocyanate, or sodium thiosulfate forms (CFt)2C =0 =S dimer.
I. L. Knunyants, B. L. Dyatkin, S. R. Sterlin, and V. L. Isaev, Russian
Patent 246,508 (1969). (f) Perfluoroisobutene and potassium sulfide yield
(CF*)2C=C=S dimer. D. C. England, U. S. Patent 3,544,591 (1970);
Chem. Abstr., 74, 141735h (1971). (g) Bis(trifluoromethyl) thioketene adds
to carbodiimides and azines to give 1,3-thiazetidines. M. S. Raasch, U. S.
Patent 3,592,811 (1971); Chem. Abstr., 75, 99232k (1971). (h) Reaction
of lithium 2-phenylethynethiolate with protic substances presumably pro-
ceeds through phenylthioketene. R. Raap, Can. J. Chem., 46, 2251 (1968).
(i) Thioketene ions appear in the mass spectra of desaurins. P. Yates,
T. R. Lynch, and L. S. Weiler, ibid., 46, 365 (1968). (j) The potential role
of thioketene intermediates in the dimerization of V-alkyl-3-isothiazolones
to 2,4-dimethylene-1,3-diethietanes is discussed. A. W. K. Chan, W. D.
Crow, and I. Gosney, Tetrahedron, 26, 1493 (1970).

(2) E. E. Reid, “Organic Chemistry of Bivalent Sulfur,” Vol. 1V, Chem-
ical Publishing Co., New York, N. Y., 1962, pp 179, 180.

Olefinic compounds undergo ene reactions to produce com-
More complex transformations take place with cyclohep-

C-Thioacylations occur with indole,
Reaction with sulfur diimides yields ketenimines of the

1,3,3-trimethyl-2-

phenomenon that has been attributed to the formation
of sulfur monoxide. Thio adducts do not give obvious
fumes. Addition of benzeneselenol results in the
novel function, -C(=S)Se-. Thio esters derived
from the thioketene are listed in Table I.

Addition to Hydrogen Bromide.—The thioketene
and HBr form (CF32ZHC(=S)Br. Few thioacyl
bromides are known. Besides thiocarbonyl bromide,3
a complex thioacyl bromide4has been reported.

Thioacylation of Amines.—Catalytic amounts of
tertiary amines, except for A,W-dimethylanilines, cause
the thioketene to dimerize, but with primary and sec-
ondary amines addition takes place much more rapidly
than dimerization and high yields of thioamides are
obtained (Table 1). Ordinarily, a second molecule
of the thioketene does not add to the thiocarbonyl
group of the thioamides to form a 1,3-dithietane. How-
ever, in the case of the aminoimidazoline5 1, only the
diadduct 2 can be obtained, even when excess imidazo-
line is used.

2(CF3T—C=S

H

S'  (CF32%% C F 32
N L =N

-g- 'CH(CF32

(CF3D

(or tautomer)

2

Bis(trifluoromethyl)thioketene and I-methyl-3-p-tol-
yltriazene result in the unusual reaction shown below?
which is also operable with 1,3-di-p-tolyltriazene.

// \ (CF3xT =C=5s
CH3f W=NNHCHS3
NCR,

CH, SCCH(CF32 + n2

Thioacylation of the triazene seems likely as the
first step in the reaction sequence and product for-
mation might be rationalized as shown in Scheme 1.

Besides physical evidence, proof of structure of the
product includes hydrolysis to p-toluenethiol. 3,3-
Dimethyl-l-p-tolyltriazene dimerized the thioketene.

(3) W. J. Middleton, E. G. Howard, Jr., and W. H. Sharkey, J. Org.
Chem., 30, 1375 (1965); R. Steudel, Angew. Chem., 79, 649 (1967); Angew.
Chem,, Int. Ed. Engl., 6, 635 (1967).

(4) B. R. O’Connor and F. N. Jones, J. Org. Chem., 35, 2002 (1970).
(5) W. J. Middleton and C. G. Krespan, ibid., 35, 1480 (1970).
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Scheme |
CH3

AtN=NNHCH3 (cf =c==s> ArN= NN— CCH(CF32

S
ch3
ArN=N+ + - rCCH(CF32

S

ch3
nch3
Y
Ar+ + -~"CCH(CF;)2 — ArSCCH(CF3)2

S

Reaction with iV,A'-Dimethylanilines.—The thio-
ketene adds to A~N-dimethylanilines at 10° with attack
on one methyl group. The reaction is reminiscent of

CHS

(CFjx=C=s I
A CEH5NCHZSCH=C(CF3)2

CeHsNCCHah

the addition of azodicarboxvlic ester to dimethylanihne,
the mechanism of which has been concluded to be ionic.6

CH3 NHCOOR
ROOCN=NCOOR | !
CEH N (CH 3)2 --omemmmomemomeeoeoe > CEHENCHNCOOR

Like the azodicarboxylic ester reaction, the thioketene
reaction proceeds more slowly with JV,iV-dimethyl-
m-nitroaniline than with A.A-dimethylaniline, does
not go with iV,iV-dimethyl-p-nitroaniline under the
conditions, and is not stopped by diphenylpicrylhy-
drazyl. Adapting the rationalization used for the
azodicarboxylic ester reaction to the present case,
electrophilic attack on the nitrogen atom first takes
place, then proton transfer and ylide rearrangement.

CH3 C=C(CFJ32
CeHON+- S
ch3

CBf CH=C(CF32 CH2SCH=C(CF?3)2

cthhh+— S
|

ch3 ch3

The reaction also proceeds well with IV,2V-dimethyl-
p-toluidine, and with iV,AfiV,,iV,-tetramethylbenzidine
to give a diadduct. However, with A-cthyl-A-methyl-
aniline or iV,iV-dimethyl-lI-naphthylamme the reaction
is apparently slowed to the point where the sensitive,
base-catalyzed dimerization of the thioketene takes
precedence.

The (CF3Z=CHS- group, encountered in the
above compounds and many that follow, has in its
*H nmr spectrum a diagnostic quadruplet, ./ = 1.4-
1.6 Hz, at about 7.5 ppm, a position seldom occupied
by other absorptions.

Addition to Ethers.—Reaction of the thioketene
with ethers is another example of the introduction of a
propenylthio group.

(6) R. Huisgen and F. Jacob, Justus Liebigs Ann. Chem., 590, 46 (1954).

R aasch

SCH=C(CF3)2
(CF9xT=C=$S I
CHaOCHICSH §-emrmrmmmememcmeeas CH3CHCEH5

SCH=C(CF3)2
(CFpx=C=5s i
CH3CH20CH L H 3 wmeemememememeeees CHXH2CHCH3
This reaction, like the addition to dimethylaniline,
could be represented as proceeding through a dipolar
intermediate.

CEHECH2 C=C(CF3)2
| |
CHD+— s

However, the reaction is peroxide catalyzed and is
considered to be a free radical reaction. Peroxide
catalysis also leads to more Complex products.

Adducts with Silicon and Tin Hydrides.—These
hydrides also add to the thioketene to form the
(CF3Z=CH S- group with its characteristic nmr.

H

(CF)x=C=S
(23 Y] e — > RBISCH=C(CF32 R = Et, Ph
[T 5 [—— > EtSiSCH=C(CF3)2

R3nH -- --->- R3BNSCH=G(CF3)2 R = Me, Ph

The product from trimethylstannane is unstable.
The reaction can be compared with the addition of
triethylstannane to phenyl isothiocyanate, which adds
in the same direction.7 Presumably it is ionic with
nucleophilic attack of hydride hydrogen on carbon, e.g.,
(CF)x=C=S

R Y | [ —— > [R3n+ + S-CH=C(CF3)2 — >-

R3nSCH=C(CF3)2

Ene Reactions—A range of olefinic substances
readily undergoes the ene reaction8with the thioketene
as illustrated in Table Il. The olefin attaches to the
sulfur atom and in this respect the thioketene resembles
hexafluorothioacetoned® and aryl thioketones in their
reaction with tetramethylallene.%

The ene reaction is usually, though not necessarily,
represented as a concerted reaction proceeding through
a six-membered transition state.

X .
C<*'S

c/Cvs
I 1
H uxF.
/ C\ i
cf3 cf3 cf3

In the reaction of the thioketene with allene, two
linear molecules, to form (CFZZ=CHSCHZX=CH
some modification of the picture is needed.

If a diradical were an intermediate, cyclization to
form a thietane would be a possibility in addition to
the ene product. No careful search for the thietanes

(7) J. G. Noltes and M. J. Janssen, J. Organometal. Chem., 1, 346 (1964).

(8) For a review of the ene reaction see H. M. R. Hoffmann, Angew.
Chem., 81, 597 (1969); Angew. Chem., Int. Ed. Engl., 8, 556 (1969).

(9) (@) W. J. Middleton, J. Org. Chem., 30, 1395 (1965); (b) H. Gott-
hardt, Tetrahedron Lett., 2343, 2345 (1971).

(10) W. R. Dolbier, Jr., and Sheng-Hong Dai, Chem. Commun., 166
(1971), propose that allene and hexafluorocyclobutanone undergo a con-
certed reaction passing through a distorted, cyclic, six-membered, dipolar
transition state. W. H. Urry, J. H. Y. Niu, and L. G. Lundsted, J. Org.
Chem., 33, 2302 (1968), suggest a zwitterion intermediate in the reaction of
allene with hexafluoroacetone. R. L. Adelman, ibid., 33, 1400 (1968),
argues for a four-membered, cyclic, dipolar intermediate for the ene reaction
of olefins with hexafluoroacetone.
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Table |

Esters and Amides from Bis(trifluoromethyl)thioketened

Reaction

Registry- Yield, Bp (mm)
Reactant conditions Product no. % or mp, °C nZzD Color
S
1
ch3h CHZ2I2 (CF3Y2XXHCOCHS3 33830-41-0 69 94-96 1.3588 Pale yellow
S
CAEsSOH CH 212 (CF32CHCOC2XH5 867-93-6 84 110-111 1.3622 Pale yellow
S
c2hGsh ch2i2 (CF3)2XHCSCXH5 33830-42-1 88 62.6 (23) 1.4382 Orange
S
1
(CH32CHSH chZi2 (CF3Y2ZXCHCSCH(CH3)2 33830-43-2 85 62-64 (23) 1.4322 Orange
S
1
cbh6chXh ch2i2 (CF3)2XHCSCH2X6H5 33830-44-3 92 65 (0.3) 1.5136 Orange
S
cbh Sh (CF3yXXHCSC6eH5 33830-45-4 82 100 (10) 1.5044 Orange
Mp 37.5-38.5
S
p-cicbh dsh« 100°, 5 hr (CF3y2CHCSC6BHACI-p 33830-46-5 81 74-75 (0.5) Red-orange
S Mp 34
CeHsSeH» (CF3)2CHCSeC6H5 33830-47-6 96 112-114 (13) 1.525 Magenta
S
CHif=CHCH2NH2 CH 212 (CF3)2CHCNHCH2H=CH 2 33830-48-7 64 67-68 (16) 1.4345 Orange
S
1
COHSCHZNH2 chXi2 (CF)XXHCNHCH2C6H6 33830-49-8 49 Mp 64-66 Pale yellow
(hexane)
S
1
p-cic6hdn h 2 c6n6 (CF32CHCNHCBHACI-p 7527-43-7 84 Mp 54.5-55.5 Yellow
(petroleum
ether)
S
1
CBHOGNHCH3 Hexane (CFXXHCNCGEHS5 33820-51-2 83 Mp 77.5-78.5 Pale yellow
(hexane)
ch3
S
1
p-CHSCSIRNHCHs» CH2C12 (CF32CHCNCG6H4CH 3p 33830-52-3 71 Mp 70-70.7 Yellow
(CH30H)
¢ h3
S
]
CHECH=NNHCH3 chxi2 (CFXXHCNN=CHCG®6H5 33830-53-4 85 Mp 143-144 Yellow
(CH30H)
¢ h3
S
J > 1 ch2i2 (CF3THCNAJ 33830-54-5 81 37 (0.1) 1.4872 Red-orange

« Eastman Kodak Co., Rochester, N. Y.
G. Welzel, Justus Liebigs Ann. Chem., 598, 186 (1956).

6R. H. Wiley and G. Irick, J. Org. Chem., 24, 1925 (1959).

¢ R. Huttel, O. Schafer, and

dsSatisfactory analytical data (£0.33% for C, H, and S) were reported for all

new compounds listed in the table except that no. 8 was analyzed for F instead of S.

was made aside from observing the nmr spectra. The
1 shift for the thietaneslis farther downfield than for
ene products. Only in the case of a-methylstyrene
in Table Il were both products observed, probably the
result of separate reaction paths rather than a common
intermediate.

Dimethylketene and butylethylketene react with the

thioketene to form acrylate thio esters, whereas
CH3 ch3
! (CFa)2C=C=S |
CHX =C =0 -rmrmmmmmmrmeees >MCH2=CCSCH=C(CF3)2
0

ketene and methylketene cycloadd to form thietanes.1
The greater electron donation to C=C in (CHj)r
C=C=0 vs. CHXH=C=0 promotes the ene reac-
tion. This effect has been observed in other ene re-
actions.8

1-Methylcyclopropene, cyclopentene, and cyclohex-
ene readily underwent the ene reaction at 15-25°
but cyclobutene required a higher temperature. At
100° a mixture was formed. Purification by glpc was
hampered by polymerization on the column but a
small amount of material identified as CH22CHCH =
CHSCH==C(CF32 was obtained. This could arise
by ring opening of the primary ene product, shown
below.

D — SCH=C(CF3_2

Hexamethyl Dewar benzene gave an ene reaction,
apparently the first reported for this compound.

—jf' (CF)C=C=S.
(CF‘I])’)XI=C H SJ’\7

- A HoC
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Reactant
ch2 chch3
ch2 c=ch?2
(CH32 =C(CH 32
ch2 chchZXi

ch3
CHj=icOOCH3
C6HECH2X H=CH?2
p-CH3OC6H ,CH=CHCH3
(Anethole)

C6HE (CHI=CH 2

(CH3X =C =0
CaH9

CHXHA=C=0»
ch3 ch3

CH3!>=CHCH=icH3

V CH/

D
O

CO»

(CHAARJCH,

(a-Pinene)

Ene Reactions.

Reacn condn

100°, 3 hr
100°, 15 hr
24-30°

100°, 16 hr

24°, 16 hr
Reflux, 4 hr
100°, 2 hr
24°, 16 hr

24°, 20 hr

0-34°, 2 hr
EtOAc

24°, 16 hr
Hexane

24°, 2 hr
100°, 1 hr

0°, CH212

24°, 1 hr

24°, 1 hr

C6H6, 100°,
20 hr

24°, 16 hr

24°, 1 hr

24°, 20 hr

24°, 3 hr

Table 11

Product

CH2=CHCHBCH=C(CF32
CH=CCHXCH=C (CF3?2

CHZ=CCH3(CH3SCH=C(CF3
C1CH=CHCHXCH=C (CF32

65:35 cis:trans
CHBCH=C(CF32

CH”MCOOCHSs

CBHECH=CHCHBCH=C(CF32

p-ch®cbh,chch=ch?2

icH=C(CF32
CEHEC=CH2 (39%)
¢HBCH=C(CF32

CH. [/ S\
> ))C—C(CFj>/ (61%)
3, X I/

CH2=CCHXOSCH=C(CF3?2

ch?9
CH33H=iCOSCH=C(CF32
ch3 ch3

CH=CCHCH=CCH3

icH=C(CF32
ch3V sch= c<cf32

QASCH=C(CF3.
(o] SCH=CiCFg?2

(CFAC—CHS~-A"QQ

HjO) (CF3i,C=CHS—/ N a »1

XXcOOH

( O‘BZ CH,

mSCH— CXCF,)/

SCH-=C(CF3a

SH-OC

SOH C(CFU2

/,CH,

iCH=C(CFj),

Registry no.
28181-98-8
33830-56-7
30589-11-8
33835-26-6
33835-27-7

33830-58-9
33835-28-8
33830-59-0

28182-02-7

23592-39-4

33872-30-9

33830-62-5

33830-63-6

33830-64-7

30631-75-5

28181-99-9

33830-67-0

33830-81-8

30589-17-4

33830-82-9

28182-01-6

28182-00-5

33872-35-4

33830-85-2

3,3,3-Trifluoro-2-(trifluoromethyl)propenyl Sulfides''l

Bp, °C (mm)
52.5-53 (15)
62.5-63 (22)
58 (7)
68 (8)

82 (1)

73-77 (0.1)

Mp 77
(MeOH)

60 (0.05)

80-81 (23)

47-49 (0.1)

84-85 (5)

65-68 (11)

97-99 (32)

112-114 (29)

Mp 72-73
(ccr)

Mp 157
(MeNO02)

69-70 (0.3)

91 (4.6)

70 (0.1)

49 (0.05)

95 (0.05)

61 (0.4)»

n»D

1.4048
1.4080
1.4200
1.4360

1.4250
1.5062

1.4916

1.4875

1.4234

1.4417

1.4393

1.4210

1.4345

1.4455

1.4568-
1.4605

1.4668

1.4773

1.4621

1.4750

1.4514

R aasch

Yield, %
61
>42
88
27

27

72

65

40

75

60

31

89

72

65

85

83

92

23,50

34,15

96

°C.W. Smith and D. G. Norton in “Organic Syntheses,” Collect. Vol. IV, N. Rabjohn, Ed., Wiley, New York, N. Y., 1963, pp 348-

350. bEastman Chemical Products, Inc., Kingsport, Tenn.
Magid, T. C. Clarke, and C. D. Duncan, ibid., 36, 1320 (1971).

12554a (1968).

and S were reported for all new compounds listed in the table.

» Two stereoisomers.
Chem. Abstr., 74, 4232c¢ (1971).

e F. Fisher and D. E. Applequist, J. Org. Chem., 30, 2089 (1965);
*C. A. Cohen, French Patent 1,478,766 (1967);
" Similarity of nmr spectrum to that of anethole indicates trans form,
containing 20% Triton X305 (Rohm and Haas Co.) on firebrick.
partin M. S. Raasch, U. S. Patent 3,536,765 (1970);

R. M.

Chem. Abstr., 68,
t Compounds separated by glpc on column

* Distillation bath at 100°. ' Disclosed in

' Satisfactory analytical data (+0.4% ) for C, H,



Bis(trifluoromethtl)thioketene

Natural rubber in solution reacted with the thio-
ketene to form a composition containing 30% by weight
of the thioketene.

Cycloheptatriene Adduct.—Cycloheptatriene and bis-
(trifluoromethyl) thioketene, containing a total of five
double bonds, react at 25° in a 1:1 ratio to give a
compound 3, revealing only one double bond in its
Raman spectrum. This has been rationalized as
proceeding through an ene reaction, bond rearrange-
ment to a norcaradiene, and intramolecular Diels-
Alder addition of the side chain to the norcaradiene
to form the proposed structure 3.

The nmr spectra and other physical data are de-
scribed in the Experimental Section. A model of the
structure poses no problems. The first two steps are
analogous to those proposed for the addition of di-
methyl acetylenedicarboxylate to cycloheptatriene.Ua
A favorable situation for the intramolecular Diels-
Alder addition is assumed, as (CF3Z2=CHSCH3 and
(CF3ZX=CHSC6H5 do not add to cycloheptatriene
or 2,3-dimethylbutadienc at 100°.

The vinyl sulfides -were made by the following se-
quence and served also as nmr and ir reference com-
pounds.

PhjP BuLi (CFsJsCO
RSCHXI — > RSCH3®PhXI — > RSCH=PPh3mems >
RSCH=C(CF?3)2

R = Me, PhCH3 Ph

Addition to Bicyclobutane.—Addition of the thio-
ketene to bicyclobutane gave short-lived products in a
course different from the conventional ene reaction.

o (CFj);C=C=S> <>-C=C (CF232 -*
SH
4
S
1
CH2=CHCH=CHCCH(CF32 — polymer
5 (purple) (colorless)

When equivalent amounts of the reactants were
mixed at 0° in deuteriochloroform and the solution was
placed in a cold ir cell, a strong band was observed for
SH at 2550 cm-1, at 1588 cm-1 for exocyclic C=C,
and at 1562 cm-1 for cyclobutene C=C. After 10
min the sample had become purple with weaker SH and
C=C bands. After 16 min the SH band had disap-
peared. The nmr spectra were in accord with the
structure 4 (see Experimental Section). With develop-1

(11) (a) M. J. Goldstein and A. H. Gevirtz, Tetrahedron Lett., 4413
(1965); (b) D. H. Clemens, A. J. Bell, and J. L. O'Brien, ibid., 1487, 1491
(1965).
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ment of the purple color, nmr showed the appearance
of the (CF32ZH group, disappearance of cyclobutene
CH=CH, and appearance of new unsaturation. The
purple color is indicative of a conjugated thiocarbonyl
group. From these considerations, structure 5 is
proposed for the purple compound, formed by ring
opening of the cyclobutene. Clean conversion to 5
was frustrated by concomitant polymerization. The
end product was a colorless, tacky polymer.

Addition to Bicyclo [4.2.0]oct-7-ene.—The thioketene
substitutes on the cyclobutene ring to form a compound
6 that is isomerized by heat with opening of the cyclo-
butene ring to form a 1,3-cyclooctadiene 7.

SCH=C(CF3?2

The *H nmr of the initial adduct reveals the (CF32
C=CH group and one cyclobutene =CH. Incipient
isomerization was noted at 50° in an nmr tube. At
95°, isomerization became complete. The final prod-
uct was identified by nmr and ir spectrum and by ox-
idation to adipic acid.

C-Thioacylations.—Indole, 1,3,3-trimethyl-2-methy-
leneindoline, and 6-(dimethylamino)fulvene are thio-
acylated at 25° by the thioketene.

H

These colored thioketones can be regarded as vinylogs
of thioamides, having one, one, and three vinylene
groups, respectively, between the thiocarbonyl group
and the nitrogen atom. They are dipole stabilized;
i.e., a resonance form can be written in which a nega-
tive charge resides on the sulfur atom and a positive
charge on the nitrogen.

These thioketones form unstable dithietanes with
another mole of the thioketene, e.g.,

Q M<w
(CF3CH

8
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Ketenimines from Sulfur Diimides.—The thioketene
reacts with sulfur diimides to give ketenimines in
20-48% vyield.

RN =S =N R -memmmmmmeees > (CFj)iC=C=N—R
R = Me, ra-Bu, ieri-Bu, Ph

No evidence for mechanism is available, as the by-
products were resinous. However, the reaction may
proceed through a five- or four-membered ring.

S RN -——-- S=NR
RN~ NR !

(CF3)C = C e s (CF+C=C——S

Phenyl isothiocyanate reacts with sulfur diimides
analogously. b

Experimental Section

The '"H nmr spectra were determined on a Varian A-60 instru-
ment using tetramethylsilane as external standard. The 19
nmr spectra were measured on a Varian A-56/60 instrument
using |,2-difluoro-1,1,2,2-tetrachloroethane as a standard in a
capillary tube placed in the sample tube. With this standard,
nearly all values for the compounds of this article fail within
1000 Hz downfield (—) for the standard. This standard is
3S00 Hz (67.4 ppm) upheld from chlorotrifluoromethane. Ra-
man spectra were measured on Cary Model 81 Laser, iron Perkin-
Elmer Model 21 and uv on Cary 14 spectrometers. Melting
and boiling points are uncorrected.

Esters and Amides (Table 1).— To the reactant in the solvent
specified, stirred and cooled in an ice bath, bis(trifluoromethyl)-
thioketene was added dropwise at such a rate as to keep the
temperature at 15-26°. The reaction with p-CIC8H4SH at 100°
was carried out in a sealed glass tube. In simple esters and
amides the nmr septuplet (/ = 7-8 Hz) for H in (CF3)2CH is at
about 4.4 ppm. The 19 nmr shows a doublet around —1.3 to
—2.3 ppm.

Use of excessively low temperatures for these reactions should
be avoided, as polymer formation may ensue. Thus, adding
the thioketene to ethanol at 