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Fig. 1.—Electron density projection of the C,;H;sONI complex; contour levels l/ﬁ.2 starting at three, for C, N, O; contour levels
20e/A.* for I, starting at ten.

atomic coordinates calculated from the Fourier pro-
jection, there was one significant phase change and a
better agreement factor of B = 0.18 was obtained.
The slight apparent departure from linearity of the side-
chain portion of iodophenylacetylene which is indicated
in Fig. 1 may represent experimental error.

Southwick and Kirchner proposed structures I, II,
or I1I for the compound C,;H,;sONI. After considering
the results of hydrogenation or reduction with lithium
aluminum hydride, and the infrared, ultraviolet, and
nuclear magnetic resonance spectra, they concluded
that I is most probably the correct structure. How-
ever, owing to the instability of the compound, they re-
garded their structure determination as inconclusive
and suggested this X-ray structure determination.

The exclusion of formulas IT and III is unambiguous
on the basis of the Fourier projection shown in Fig. 1.
The only alternatives to formula I which remain would
be others of the same geometry as I but having the io-
dine atom adjacent not to the nitrogen of the morpholine
structure, but to a different atom, such as the oxygen.

The existence of other charge transfer complexes in
which a basic nitrogen is coordinated with the iodine of
an organic iodide? suggests that formula I is indeed the
correct representation of the substance. Bjornvatten
and Hassel’ found the length of the iodine-nitrogen
bond in the quinoline-iodoform complex to be 2.99 A.
The iodine to nitrogen distance in the Fourier projec-
tton, shown in Fig. 1, is 2.51 A., which is compatible
with an actual distance of about 2.9 A.

An isotropic temperature factor of 2.5 A.-? was as-
sumed for the iodine and one of 4.0 A.—? for the light
atoms.

Experimental

Owing to the instability of the compound and the frequency of
twinning, much difficulty was experienced in obtaining a crystal
suitable for X-ray diffraction intensity measurements. A small
untwinned crystal, grown by slow evaporation of a normal hexane
golution, was sealed in a 0.3-mm. glass capillary. Upon exposure
to X-rays for about 80 hr., some decomposition was indicated
by a color and shape change of the crystal and by a spread of the
diffraction spectra.

The intensity measurements were made visually from CuKe«
multifilm Weissenberg photographs. For many high angle re-
flections the CuKa, and CuKa, spectra were completely resolved.

(2) T. Bjornvatten and O. Hassel, Acta Chem. Scand., 18, 1261 (1959).

For these reflections the intensity of the CuKa: reflection was
measured and multipled by a factor of 1.5. For partially re-
solved reflections a linear interpolation method due to Sakurai?
was used. After interfilm scaling and averaging of resulting in-
tensity values, the 292 observed (AO!) intensities were reduced to
structure factor amplitudes by the standard Lorentz and polari-
zation corrections. About 36 reflections were observed to have
intensities too small to be measured and these were arbitrarily
assigned a value of one-third of the weakest intensity measureable.
No absorption corrections were applied to the data. The com-
putations were carried out on an IBM 1620 computer using the
programs of Shiono, Hall, and Chu,* and of Beurskens.?
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The cuprous ion-catalyzed reaction of diazomethane
with olefins recently has been applied in syntheses of
cyclopropyl compounds from a number of cyclic hydro-
carbons.! The intermediate in this catalyzed reaction
is also reactive enough to form cyclopropy! derivatives
or homologs directly from aromatic compounds.}? We
should like to report the stereochemistry of this reac-
tion with regard to formation of cyclopropyl compounds

(1) W. von E. Doering and W. R. Roth, Tetrahedron, 19, 715 (1963);
G. Wittig and K. Schwarzenbach, Ann., 680, 1 (1961); J. P. Chesick, J.
Am. Chem. Soc., 84, 3250 (1962).

(2) E. Muller and H. Fricke, Ann., 661, 38 (1963); E. Muller, H. Kessler,
H. Fricke, and H. Suhr, Tetrakedron Letters, Ro. 16, 1047 (1963); E. Vogel,
W. Wiedemann, H. Kiefe, and W. F. Harrison, 7bid., No. 11, 673 (1963).
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from derivatives of norbornene and report the utility
of this reaction in a case where the widely used Sim-
mons—Smith synthesis? (involving reaction of olefin with
methylene iodide~zinc copper couple) has given poor
results.

Passage of a stream of nitrogen gas containing diazo-
methane through a solution of anti-7-norbornenol (I) in
ether at 0° in the presence of cuprous chloride resulted
in formation of anti-8-tricyclo[3.2.1.024]octanol (II),
m.p. 75-76°, in 409, yield after recrystallization. The
presence of a cyclopropyl ring in II is indicated by an

OH oH

CH,N;
—_—
CuCl
1 1T

infrared absorption band at 1040 ecm.—1.¢ More specif-
ically, this group was indicated by two complex n.m.r.
multiplets centered at 9.4 and 10.04 and corresponding
to three hydrogens and one hydrogen, respectively.?

The formation of exo product in the addition of a
methylene unit to norbornene by the Simmons—Smith
procedure has been inferred®®’ on the basis of pre-
ferred direction of approach to norbornene® The exo
configuration of the cyclopropyl methylene group in II
has been established by an X-ray erystallographic analy-
sis? on the p-bromobenzenesulfonate of II. No endo
isomer was isolated from the reaction although an un-
known substance was present in the crude product to
the extent of 99, (gas-liquid phase chromatographic
analysis).

The Simmons—Smith reaction intermediate does not
react with aromatic systems, and it is stereoselective in
its reaction with norbornene.3® The formation of
predominate ezo product (II) in the cuprous ion-diazo-
methane reaction indicates that, although the intermedi-
ate is active enough to react with aromatic systems, it
still is selective in its approach to the norbornene double
bond. Catalyzed reaction of diazomethane with 7-
norbornadienyl acetate resulted in a methylene addition
product which is a mixture of isomers as indicated by
distinet sets of n.m.r. absorption for different olefinic
and acetate hydrogens. Like copper-catalyzed reac-
tions of other diazo compounds, the intermediate from
cuprous ion and diazomethane appears to be discrim-
inate in its direction of approach to olefins, but it has
low discriminating ability between two olefinic bonds.*

All of our earlier attempts to prepare II by the Sim-
mons—Smith procedure failed; however, it recently has
been obtained by this method in quantities too small to

(3) H. E. Simmons and R. D. Smith, J. 4m. Chem. Soc., 81, 4256 (1959);
Org. Syn., 41,72 (1961).

(4) See L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
2nd Ed., Methuen and Co., London, 1958, p. 29.

(5) R. 8. Boikess and 8. Winstein, J. Am. Chem. Soc., 88, 344 (1963);
V. Georgian, J. F. Kerwin, M. E. Wolff, and F. F. Owings, ibid., 84, 3594
(1-“22)2).1(. B. Wiberg and W. J. Bartley, 1bid., 82, 6375 (1960).

(7) A. C. Cope, S. Moon, C. H. Park, and G. L. Woo, ibid., 84, 4865
(1962). .

(8) For exo addition of dihalocarbenes to norbornens, see W. R. Moore,
W. R. Moser, and J. E. LaPrade, J. Org. Chem., 28, 2200 (1963); R. C. De
Qelms and C. H. Combs, ibid., 28, 2206 (1963); E. Bergman, tbid., 28, 2210
<1szg:)?’).li’rivate communication from J. Trotter and A. Macdonald, University
of British Columbia.

(10) P. 8. Skell and R. M. Etter, Proc. Chem. Soc., 443 (1961); see also

K. R. Kopecky, G. 8. Hammond, and P. A. Leermakers, J. Am. Chem. Soc.,
84, 1015 (1962).
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be fully characterized.” Although the Simmons-
Smith reaction is subject to directive!! and accelerative!?
influences of hydroxyl groups close to the double bond
of olefinic alcohols, the configuration of aleohol I is
anti and the hydroxyl group is prevented sterically from
lending aid to the formation of a cyclopropyl ring. In-
stead, the iodomethylzinc iodide apparently is de-
stroyed by the alcohol in a side reaction.!! In contrast,
the cuprous chloride-catalyzed reaction of diazometh-
ane [ readily occurs.

The possibility of ‘‘forcing” this catalyzed reaction to
completion by continued addition of diazomethane,
while monitoring the result by gas-liquid phase chro-
matography of samples taken during the reaction, leads
to easy isolation of relatively pure product. This
feature of the reaction and its simplicity suggests that
it may be generally useful, especially in cases where the
Simmons—Smith reaction fails or occurs only in low
yields.

The solvolytic reactivity of the p-bromobenzenesul-
fonate ester of alcohol II is being studied as a measure
of participation of the cyclopropy! group in carbonium
ion formation at the 7-position of the bicyclo[2.2.1]-
heptane ring structure.

Experimental

General Procedure.!>—The diazomethane generator!* consisted
of a 250-ml. three-necked flagk, in an ice bath, containing 45 ml.
of a magnetically stirred 509, potassium hydroxide solution.
Diethyl ether (100 ml.) formed an upper layer in the flask. Addi-
tion of N-methyl-N-nitrosurea, in approximately 1-g. lots, gen-
erated diazomethane which dissolved in the ether layer. This
addition was carried out over several hours during the reaction
so that at no time was there a very high concentration of diazo-
methane in the ether; the yellow color of the solution acted as a
guide to concentration. A continuous stream of nitrogen was
bubbled through the ether layer. This carried the diazometh-
ane through a drying tube (KOH pellets) and through an inlet
tube to the bottom of a solution of olefin in ethyl ether. This
solution, containing ca. 0.3 g. of suspended cuprous chloride
(B.D.H.,s A.R. grade) was in a 50-ml. flagk fitted with a magnetic
stirrer and a water condenser. This reaction flask was cooled
also in an ice bath. No attempt was made to retain high con-
centrations of diazomethane in the reaction flask by condensing
the leaving vapors at Dry Ice temperature. Although this is
wasteful of diazomethane, the danger of explosions is, in our ex-
perience, eliminated. Ether was replenished in the generator
flask and in the reaction flask as it was swept out by the nitrogen
stream. The progress of the reaction was monitored by gas-
liquid chromatography of the ether solution and the generation
of diazomethane continued until the olefin was consumed. Initial
experiments with norbornene as substrate yielded the known?
tricyclo[3.2.1.0%4]octane, however 2-norbornanol was formed in
one run where water was present in the reaction flask.

Preparation of anti-8-Tricyclo{3.2.1.0%4Joctanol (II).—Diazo-
methane generated from 8.87 g. of N-methyl-N-nitrosurea
reacted with 3.3 g. of an#i-7-norbornenol®® in 40 ml. of ether con-
taining 0.3 g. of cuprous chloride. After 6 hr., the olefin was
completely consumed and two major products (ratio of 10:1)
were indicated by gl.p.c. After filtration to remove cuprous
chloride and evaporation of the ether, crystallization from petro-
leum ether (b.p. 65-110°) yielded 1.49 g. (409, based on olefin,
149 based on diazomethane generated) of alcohol IT, m.p. 75-76°.
More product II was contained in the mother liquor and could
be obtained pure by g.l.p.c. on an Apiazon J column at 140°.

(11) W. G. Dauben and G. H. Berezin, ibid., 88, 468 (1963).

(12) 8. Winstein and J. Sonnenberg, ibid., 88, 3235 (1963).

(13) Seeref. 1 forsimilar procedures.

(14) F. Arndt, “'Organic Syntheses,” Coll. Vol. II, John Wiley and Sons,
Inc., New York, N. Y. 1943, p. 165.

(15) (a) British drug houses; (b) P. R. Story. J. Org. Chem., 26, 287
(1961).
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Anal. Caled. for CsH,O: C, 77.37; H, 9.74. Found: C,
77.25; H, 9.71.

The n.m.r. spectrum?® of this compound in CCls showed ab-
gorption at r 6.47, 7.13, and 7.97 in ratios 1:1:2, corresponding to
bridge hydrogen, hydroxyl hydrogen, and two bridgehead hydro-
gens. In addition, there were four complex bands centered at
ca. 8.3 and 8.7 (total of four hydrogens), ca. 9.3 (three hydro-
gens), and 10.04 (one hydrogen). These correspond, respectively,
to the four exo/endo hydrogens, three hydrogens of the cyclopro-
pyl ring, and a fourth cyclopropyl hydrogen at highest field.?

The p-bromobenzenesulfonate ester of 1I, recrystallized from
petroleum ether, melted at 83-83.5°.

Anal. Caled. for C;sHsBr0O;S: C, 48.98; H, 4.40. Found:
C, 49.17; H, 4.50. i

Reaction of CH;N,~CuCl with 7-Norbornadienyl Acetate.!’—
Reaction of diazomethane generated from 23.3 g. of N-methyl-
N-nitrosurea with 9.0 g. of 7-norbornadienyl acetate over 8 hr.
gave a product, separated by g.1.p.c. ona 5-ft. Ucon polar column
at 110°, with analysis agreeing with addition of one methylene
unit to the diolefin.

Anal. Caled. for CoH20:: C, 73.14; H, 7.37.
73.40; H, 7.25.

The n.m.r. spectrum of this sample showed it to be ca. a 3:1
mixture of two compounds arising from addition to either
of the double bonds of the diolefin. That is, there were triplets
at 7 3.65 and 4.32 (area ratio 3:1) for olefinic hydrogens, singlets
at 5.55 and 6.02 (ratio 1:3) for bridge hydrogens, multiplets
centered at 7.10 and 7.65 (ratio ca. 3:1), peaks at 8.08 and 8.12
(ratio ca. 1:3) for acetate hydrogens, and a broad multiplex at
ca. 9.0 for cyclopropyl hydrogens.

Acknowledgment.—We thank the National Research
Council for support of this work and the Department of
Scientific and Industrial Research, U. K., fora N.A.T.O.
studentship for J. I. Wells.

(16) N.m.r. spectra were determined on a Varian A-60 spectrometer.
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Previous studies in these laboratories' have demon-
strated that pararosaniline pamoate and certain closely
related compounds are effective in experimental schisto-
somiasis and paragonimiasis. Simple trisarylmethanes
also have been reported to be effective against intestinal
helminths, filariae, trichomonads, and trypanosomes.?
It was, therefore, of interest to prepare various trisaryl-
methanes, including basically substituted compounds of
structure 11, for biological evaluation and for use as syn-
thetic intermediates. The present communication de-
scribes a novel method for the preparation of selected
diarylearbinols, namely the controlled catalytic hydro-
genation of the corresponding diaryl ketones, and their
conversion to various trisarylmethanes.

The most attractive route to trisarylmethanes of
structure II appeared to be condensation?® of the cor-

(1) E. F. Elslager, F. W. Short, D. F. Worth, J. E. Meisenhelder, H.
Naijarian, and P. E. Thompson, Nature, 190, 628 (1961).

(2) For a brief review, see R. J. Schnitzer and F. Hawking, ‘' Experimental
Chemotherapy,” Vol. I, Academic Press, New York, N. Y., 1863, pp. 200,
206, 789, 809, 906.

(3) E. Vongerichten and L. Bock, Z. Farben Textil chem., 2, 250 (1903).
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responding aromatic amine*® with 4,4’-diaminobenz-
hydrol. Wichelhaus® describes the conversion of 4,4’-
diaminobenzophenone to the benzhydrol with sodium
amalgam. This technique, however, is unattractive
for large scale work. The erratic nature of this benzo-
phenone-benzhydrol conversion with other reagents
is evident from the literature. Treatment of 4,4'-
diaminobenzophenone with tin and hydrochloric acid?
or of 4-butyroylamino-4’-nitrobenzophenone with pal-
ladium and hydrogen?® leaves the ketone function intact.
Reduction of 4,4’-diaminobenzophenone with excess
lithium aluminum hydride gives the hydrogenolysis
product, 4,4’-methylenedianiline.® Numerous attempts
in these laboratories to effect the reduction to the
benzhydrol utilizing a variety of standard chemical
and catalytic methods failed.

Efforts to convert 4’,4’'’-carbonylbisacetanilide!
to 4',4’"’-(hydroxymethylene)bisacetanilide (I) were
more successful. Chemical reduction gave positive

CHsCONHO CHOH—@—NHCOCHg
I
HzN—@— CH—@—NHz

ArNH(CHp);NR;R, N
HCI “‘g

2!
SO

I NH(CH),NR:R;

but still unsatisfactory results, whereas -catalytic
hydrogenation under standard conditions gave pri-
marily the hydrogenolysis produet, 4’,4’'’-methylene-
bisacetanilide. Fortunately, application of Kindler’s
procedure,!! involving the use of a palladium catalyst,
poisoned with nicotinamide or N,N-diethylnicotin-
amide, afforded I in 639, yield. Although the carbinol
exhibited a variable melting point which was an un-
satisfactory criterion of purity, the ultraviolet spec-
trum?!? (\ 254 mu, E} 1120, no absorption over 300 myu)
afforded an excellent method for detecting residual
ketone (A 231 mu, E] 614; X 306 my, E} 1060) during
purification. The controlled catalytic hydrogenation
technique also was used successfully for the preparation
of 4’4"~ (hydroxymethylene)bistrifluoroacetanilide
(619%), 4-methylbenzhydrol® (8097), 4-chlorobenzhy-
drol'* (35%), and 4-aminobenzhydrol® (599,), but
failed with 4-bromobenzophenone, 4-hydroxybenzo-
phenone, 4-(dimethylamino)benzophenone, 4-hydroxy-
benzophenone acetate ester, 2-benzoylbenzoic acid,
and 4,4’-bis(dimethylamino)benzophenone. The mod-
erate success achieved with 4-chlorobenzophenone
is noteworthy in view of the known susceptibility of

(4) Farbenfabriken vorm, Friedr. Bayer and Co., British Patent 267,169
(March 7, 1927).

(5) L. M. Werbel, D. B. Capps, E. F. Elslager, W. M. Pearlman, F. W,
Short, E. A, Weinstein, and D. F. Worth, J. Med. Chem., 6, 637 (1963).

(6) H. Wichelhaus, Ber., 22, 988 (1889).

(7) M. Asano, T. Yamana, and E. Kashiwabara, J. Pharm. Soc. Japan,
85, 10A, 4 (1945); Chem. Abstr., 48, 5668¢g (1951),

(8) G. Yamana, J. Pharm. Soc. Japan, 68B, 571 (1945).

(9) L. H. Conover and D. 8. Tarbell, J. Am. Chem. Soc., T3, 3586 (1950).
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Mich., and the Maumee Chemical Company, Toledo, Ohio.

(11) K. Kindler, H. Helling, and E. Sussner, Ann., 608, 200 (1957).

(12) Ultraviolet spectra were obtained in ethanol on a Cary 11 recording
spectrophotometer.

(13) J. O. Halford and E. B. Reid, J. Am. Chem. Soc., 68, 1873 (1941).

(14) A. E. Chichibabin and A. A. Shesler, J. Russ. Phys. Chem. Soc., 56,
149 (1925); Chem. Abstr., 19, 3269 (1925).



