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This paper presents further information concerning the nature and behavior of the peroxidic products from ozonolysis of

phenanthrene in “inert” and in “reactive” solvents.

In earlier papers the ozonolyses of phenanthrene
in methanoll and in chloroform2 were reported.
The present paper presents the experimental de-
tails of the ozonolysis of phenanthrene in chloro-
form2and additional results of ozonolyses both in
“reactive” and in “inert” solvents.3

Subsequent to our earlier papers in this series,
Wibaut and de Boer4 published a “preliminary
communication” in which they assigned to the
first isolable product from the ozonolysis of phen-
anthrene in methanol the cyclic structure (Via)

a)R = H; b)R = CH3 ¢)R = CHXH3

(1) P. S. Bailey, J. Am. Chem. Soc., 78, 3811 (1956).

(2) P. S. Bailey and S. B. Mainthia, J. Org. Chem., 21,
1335 (1956).

(3) The terms “reactive” and “inert” refer to possible
reaction of the solvent with the zwitterion intermediate.
See reference 1 for details of the Criegee mechanism.

(4) J. P. Wibaut and T. J. de Boer, Koninkl. Ned. Akad.
Wetenschap. Proc. Ser. B., 59, 421 (1956).

(5) R. Criegee, H. Pilz, and H. Flygare, Ber., 72, 1799
(1939).

rather than the open-chain structure (V) assigned
by us.10ur crude product (m.p. 84-88°) showed a
positive, though weak, lead tetraacetate test for a
hydroperoxide6 and its infrared spectrum, taken
either in solution or in KBr disk, showed strong
hydroxyl and carbonyl bands.1 Wibaut and de
Boer4 were able to obtain a purer product (m.p.
96.5-97.5°) and found that the infrared spectrum
taken in Nujol mull showed no carbonyl band.

Repetition of our earlier work leads to the fol-
lowing conclusions. At the end of the ozonolysis the
cold methanolic reaction mixture contains high
concentrations of V, produced from IV probably via
Il and IIP. This is evidenced by a strong lead
tetraacetate test for a hydroperoxide.5 With time
and/or increase of temperature the equilibrium
shifts toward the more stable and less soluble
cyclic tautomer Via, which can be precipitated by
addition of cold water or by cooling a reaction
mixture containing a minimum of solvent. At room
temperature the acidic nature of V, in equilibrium
with Via, catalyzes the conversion of Via to the
peracetal, Vlb.

Both the freshly precipitated Via (m.p. 86-88°)
and that purified to the extent reported by Wibaut
and de Boer4d (m.p. 97-98°) contain V as an
impurity; their infrared spectra taken in a Nujol
mull still show faint carbonyl bands. The highly
purified product (m.p. 116-117°) had no carbonyl
band in its infrared spectrum, taken in Nujol.
The infrared spectra taken in chloroform or bromo-
form, however, showed strong carbonyl bands.

Wibaut and de Boer4 showed that the strong
carbonyl bands in the KBr disk spectrum were due

(6) P. S. Bailey, Chem. & Ind. {London), 1148 (1957).
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to decomposition. Those in the solution spectra
apparently are the result both of decomposition and
of equilibrium with V. After a dilute chloroform
solution of pure Via had been irradiated with in-
frared light for fifteen minutes, the recovered
product was pasty and contained 10% less active
oxygen.

The fact that crude Via can be puiified by re-
crystallization from benzene indicates that at least
in this solvent the equilibrium between V and Via
lies far in the direction of Via. This also appears to
be true with methanol. Whereas crude Via in
methanol or ethanol was converted to VIb and Vic,
respectively,1no such reaction was obtained with
pure Via until a drop of hydrochloric acid was
added.

The first paper of this serieslreported the isola-
tion, one time only, of a crystalline material thought
to be a cyclic dimer of V. It is now apparent that this
material was Via of approximately the same purity
as obtained by Wibaut and de Boerd We were
misled by an erroneous molecular weight determi-
nation and by the unfortunate circumstance that,
this one time, no appreciable decomposition oc-
curred during the observation of the infrared
spectrum in a KBr disk. This spectrum is different
from those of crude Via taken in a KBr disk, which
showed strong carbonyl bands.1lt is similar to those
of pure Via taken in a Nujol mull, except that it has
a very weak carbonyl band.

As stated in the second paper of this series2and
as reported also by Wibaut and de Boer,40zonolysis
of phenanthrene in chloroform gives a polymer of
zwitterion 1V, rather than a monomeric mono-
ozonide (VII) as reported by Schmitt, Moriconi,
and O’Connor.7The latter authors were misled by a
Rast molecular weight determination (during which
decomposition occurred4 and the infrared spec-
trum which showed bands in the 5.7-5.9p region.
These bands, which since have been shown to be due
to carbonyl-containing impurities,89 had earlier
been reported to be characteristic of ozonides.D
O’Connor, Schmitt, and Moriconill have acknowl-
edged the misassignment of structure.

Our material (m.p. 139-140°) was obtained from
ozonolyses of phenanthrene in chloroform, carbon
tetrachloride, 1,2-dichloroethane, or methyl chlo-
ride. Molecular weight determinations carried out
cryoscopically in various solvents showed it to be
at least a hexamer. We have assigned it a poly-#

(7) W. J. Schmitt, E. J. Moriconi, and W. F. O’Connor,
J. Am. Chem. Soc., 77, 5640 (1955).

(8) R. Criegee, A. Kerckow, and H. Zinke, Chem. her.,
88, 1878 (1955).

(9) E. Briner and E. Dallwigk, Compt. rend., 243, 630
(1956); Helv. Chim. Acta, 39, 1446 (1956).

(10) E. Briner, et al., Helv. Chim. Acta, 35, 340, 345, 353,
1377 (1952); Helv. Chim. Acta, 36, 1166, 1757 (1953);
Helv. Chim. Acta, 37, 620, 1558, 1561 (1954); Compt. rend.,
234, 1932 (1952); Compt. rend., 237, 504 (1953).

(11) W. F. O’Connor, W. J. Schmitt, and E. J. Moriconi,
Ind. Eng. Chem., 49, 1701 (1957).
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ozonide structure (VIIl) on the basis of infrared
spectra, which show only a weak carbonyl band and
bands at 9.5 and 9.6/t which have been shown to be
typical of most simple ozonides.8 Alternative struc-
tures are 1X and X. In each of these cases (VIII,
IX, or X) the chain could be terminated by the
addition of a small molecule such as water. If the
material were IX or X, however, the infrared
spectrum should show no trace of a carbonyl band.
The band at 9.5/ probably is due to the ether
linkage of the ozonide ring. Five-membered cyclic
ethers have been shown to absorb at 9.1-9.3//
whereas open-chain and cyclic ethers of larger size
absorb at 8.6-9.1//.12

Wibaut and de Boer,4 on the basis of a cryo-
scopic molecular weight determination in benzene,
concluded that their polymer of IV (precipitated
from the chloroform ozonolysis reaction mixture
by addition of ether, and carefully washed with
ether, m.p. 128-129°) was trimeric. As would be
expected of a lower molecular weight polymer of
structure V111, a relatively strong carbonyl band
was reported in the infrared spectrum4 An active
oxygen determination indicated that the material
was not contaminated with nonperoxidic decompo-
sition products.4 It seems probable that the ozo-
nolysis product is a mixture of polymers of various
lengths and that Wibaut and de Boer4concentrated
the trimer whereas we concentrated higher poly-
mers. An alternative explanation is that during our
recrystallization further polymerization occurred
through abstraction of some of the small chain termi-
nating molecules.

It was evident that the material of Schmitt,
Moriconi, and O’Connor7 (m.p. 65-90°) contained
both the polymeric ozonide and nonperoxidic
ozonolysis products. We were able to obtain a
material similar to this only by allowing the o0zo-
nolysis reaction mixture to stand before precipi-
tation, or by redissolving the product in chloroform
and allowing this solution to stand. In each case the

Vil

(12) G. M. Barrow and S. Searles, J. Am. Chem. Soc.,
75, 1175 (1953).
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resulting material was much lower melting, con-
tained much less active oxygen, and showed strong
carbonyl bands in its infrared spectrum.

The polymeric ozonide(VTIl) was reduced to
2,2'-biphenyldicarboxaldehyde and was oxidized
to diphenic acid. The yields were much lower, how-
ever, than from the methanol ozonolysis products
(V1)1 Decomposition of VIII gave a mixture of
2,2 ,-biphenyldicarboxaldehyde, diphenic acid, 2'-
formyl-2-biphenylcarboxylic acid, and an oily
phenolic material.

Ozonolysis of phenanthrene in glacial acetic acid
gave a material which appears to be a mixture of
the polymeric ozonide (VII1) and an acetoxy hy-
droperoxide (XI).

EXPERIMENTALI8

The ozonator and techniques used in this research were
the same as described in an earlier paper.4The phenanthrene
was Eastman Kodak Co. White Label 599. The melting
point of 99-100° is indicative of its high purity. The meth-
anol was distilled over magnesium methoxide. 5 The chloro-
form (Baker and Adamson) was carefully purifiedl§ the
purity of the peroxidic ozonolysis product from chloroform
solution was dependent on the purity of the chloroform.
All other liquid ozonolysis solvents were carefully dried and
redistilled.

Ozonolysis of phenanthrene in methanol to give S-hydroxy-
8-methoxy-4,5,6,7-dibenzo-l,2-dioxacyclooctane  (Via). An
0zone-oxygen stream containing 4% ozone by weight was
passed at a rate of 40 1 per hour into a suspension of 4.0 g.
of phenanthrene in 80 ml. of methanol at —20°, until all
of the phenanthrene had dissolved and ozone had begun to
pass into the potassium iodide trap. A total of 1.1 moles of
ozone per mole of phenanthrene reacted. The dissolved,
unreacted ozone was swept out by a stream of dry oxygen.
The solution gave a strong lead tetraacetate test for a hydro-
peroxide.5 To the cold reaction mixture was added slowly
200 ml. of ice water while the sides of the containing vessel
were scratched. The bulky precipitate was filtered, washed,
and dried; 4.6 g. (79%), m.p. 86-88°. Trituration with
petroleum ether raised the melting point to 97-98°.17 Both
this and the material before trituration gave weak lead
tetraacetate tests and had faint carbonyl bands (5.9 ft) in@

(13) Melting points are corrected. Microanalyses were
performed by the microanalytical laboratory of the Univer-
sity of Texas Biochemical Institute. The active oxygen
determinations were done by the method of R. Criegee,
G. Blust, and G. Lohaus, Ann., 583, 4 (1953).

(14) P. S. Bailey and S. S. Bath, J. Am. Ckem. Soc., 79,
3122 (1957).

(15) A. 1. Vogel, A Textbook of Practical Organic Chemis-
try, 3rd Ed., Longmans Green and Co., New York, N. Y.,
1956, p. 169.

(16) Reference (15), p. 176.

(17) Wibaut and de Boer4reported that they triturated
with ether to obtain this material. We found, however, that
the material partially dissolved and/or became gummy in
ether.
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their infrared spectra. After several recrystallizations from
benzene, the material melted at 116-117°.

Anal. Calcd. for CitHM04: C, 69.75; H, 5.46; active 0,
6.20; mol. wt., 258. Found: C, 70.25; H, 5.58; active O,
6.01; mol. wt. (cryoscopic in 1,2-dibromoethane) 270.

The pure substance gave a negative lead tetraacetate test,
strongly released iodine from sodium iodide solution, was
stable to shock, remained undecomposed indefinitely at 0°,
but decomposed at room temperature after a few days. Its
infrared spectrum taken in a Nujol mull showed a strong
hydroxyl band (3.0 ft) but no carbonyl band. The spectra
in chloroform or bromoform were quite different and had
strong carbonyl bands at 5.9 ft.

When the ozonolysis was repeated just as before, except
that 4 g. of phenanthrene in only 50 ml. of methanol weB
used, and the ozonolysis solution was cooled to —50°, a
34% yield of crude Via (m.p. 87-89°) precipitated.

Infrared irradiation of a chloroform solution of 3-hydroxy-
8-methoxy-4,5,6,7-dihenzo-l,2-dioxacyclooctane (Via). An ap-
proximately 1% solution of pure Via was irradiated with
infrared light for 15 min., after which the solvent was
rapidly evaporated under vacuum on a Rinco evaporator.
A paste remained.

Anal. Calcd. for Ci6Hi® 4: active O, 6.20. Found: active
O, 54.

In another instance the pasty residue was triturated with
petroleum ether. A low recovery of crystals melting at 95-
96° was obtained. Similar results were obtained by allowing
the chloroform solution to stand for 15 min. without irradi-
ation.

Conversion of S-hydroxy-8-methoxy-4,B,6,7-dibenzo-1,2-di-
oxyacyclooctane (Via) to S,8-dimethoxy-4,5,6,7-dibenzo-I
dioxacyclooctane (VIb) was accomplished by dissolving 1 g.
of pure Via in 25 ml. of methanol and adding 1 drop of
concentrated hydrochloric acid. Precipitation began immedi-
ately and was complete in 10 min. A yield of 0.9 g. (85%)
of VIb melting at 175-176° was obtained. ldentification
was by the mixture melting point method.1 When this was
repeated with no hydrochloric acid present no precipitate
formed. After several days the solution lost its active oxygen
content. Likewise, substitution of a drop of sulfuric acid for
hydrochloric acid brought about decomposition rather than
conversion to VIb.

Ozonolysis of phenanthrene in methanol to give 8,8-dimeth-
oxy-4,5,6,7-dibenzo-1,2-dioxyacyclooctane (V1Ib). The ozonol-
ysis was carried out with 2 g. of phenanthrene in 40 ml. of
methanol just as described in the first experiment. At the
end of the reaction, 4-5 drops of concentrated hydrochloric
acid were added. Precipitation began immediately and was
complete after 10 min. The yield of VIb melting at 177-178°
was 2.5 g. (82%); recrystallized from methyl ethyl ketone,
m.p. 180-181°, no depression in melting point in admixture
with an authentic sample.1

Ozonolysis of phenanthrene in inert solvents to give the poly-
meric ozonide (V111). Into a solution of 5.9 g. of phenanthrene
and 60 ml. of chloroform cooled to —60° was passed an
0zone-oxygen stream, containing 4% by weight ozone, at a
rate of 40 1 per hour. The ozone was absorbed quanti-
tatively until one mole per mole of phenanthrene had re-
acted. Dissolved ozone was s-wept out with a dry oxygen
stream and the reaction mixture was allowed to come to
room temperature. Upon addition of ligroin 7.3 g. (97%
yield) of material melting at 129-130° precipitated. Similar
results were obtained by addition of methanol. Several
recrystallizations by dissolving in benzene and reprecipitat-
ing with ligroin raised the melting point to 139-140° (77%
yield). The material is colorless, amorphous in appearance,
stable to shock, releases iodine from sodium iodide solutions,
remains undecomposed indefinitely at 0°, but decomposes
in a few days at room temperature. Its infrared spectrum
taken either in chloroform or in Nujol mull showed a weak
carbonyl band (5.9 ft) and very strong twin bands at 9.5
and 9.6 ft.
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Anal. Calcd. for ChHiOj: C, 74.33; H, 4.5; active O,
7.1; Found: C, 74.58; H, 4.8; active 0, 7.0.

Ozonolyses in carbon tetrachloride and 1,2-dicMoroethane
by the same procedure gave the same product. For the
ozonolysis in methyl chloride, gaseous methyl chloride was
passed through concentrated sulfuric acid, solid sodium
hydroxide, and anhydrous calcium chloride and then con-
densed at —80° in the ozonolysis flask containing the phen-
anthrene. After the ozonolysis the solvent was allowed to
evaporate and the residue was purified as described in the
chloroform experiment. The product was identical with those
from the other inert solvents.

Cryoscopic molecular weight determinations of polymeric
ozonide (VIII). The molecular weight was determined
cryoscopically in several solvents. The results varied some-
what in the different solvents, probably because decomposi-
tion occurred in varying degrees (see next experiment). In
nitrobenzene the molecular weight changed rapidly with
time. It appears that the material is at least a hexamer;
probably it is of higher molecular weight.

Calcd. for (ChHidOs)*: x = 9, 2034; x = 6, 1356; x = 5,
1130; x = 3, 678; x = 2, 452; x = 1, 226. Found: 2020,
1860 (bromoform); 1392, 1370, 1350 (benzene); 1250, 1200
(nitrobenzene, quickly); 508 (nitrobenzene, 1 hr.); 268
(nitrobenzene, 2 hr.); 540, 550 (acetophenone, 1-2 hr.).

Decomposition of polymeric ozonide on standing in solution.
A solution of the pobmeric ozonide in chloroform was al-
lowed to stand for 3 days after which time it was evaporated.
The residue melted at 125-127°.

Anal. Calcd. for (Ci4H103)6: active O, 7.1; mol. wt,,
1356. Found: active O, 6.4; mol. wt., 416.

A similar solution was allowed to stand for 5 days. The
residue melted at 80-90°.

Anal. Calcd. for ChHjd0j: active O, 7.1. Found: active O,
3.2.

Similar melting points were obtained when a benzene
solution was allowed to stand for corresponding lengths of
time.

When the ozonolysis in chloroform solution was carried
out as described earlier, except that the reaction mixture
was allowed to stand for 12 hr. before precipitation of the
product, the crude product melted with decomposition at
90°. The molecular weight determination indicated that it
was trimeric. However, an active oxygen determination
indicated that it was a mixture of the polymeric ozonide
and nonperoxidic decomposition products.

Anal. Calcd. for CiHid03: mol. wt., 226; active O, 7.1.
Found: mol. wt. 670; active O, 3.1.

Reduction of polymeric ozonide (VII1) to 2,2'-biphenyl-
dicarboxaldehyde. A mixture of 0.5 g of the polymeric
ozonide, 0.7 g. of sodium iodide, and 30 ml. of acetic acid
was allowed to stand overnight, after which the liberated
iodine was reduced with sodium th:osulfate. This mixture
was extracted with ether, and the ether extract was washed
free of acids with sodium carbonate solution and was ex-
tracted with sodium bisulfite. From the bisulfite extract,
through decomposition with hydrochloric acid, extraction
with ether, and evaporation of the ether extract, was ob-
tained 0.25 g. (54% yield) of the dialdehyde melting at 62-
63°. Identification was by a mixture melting point with an
authentic sample (m.p. 63-640).1

When a solution of 0.25 g. of the polymeric ozonide, 20
ml. of dry pyridine, and 0.15 g. of hydroxvlamine hydro-
chloride was allowed to stand overnight, after which it was
evaporated by a jet of air and the residue was crystallized
from dilute ethyl alcohol, 0.05 g. of the dioxime of 2,2'-
biphenyldicarboxaldehvde was obtained (crude m.p. 135-
144°; recrystallized ethanol, m.p. 170-172°). Identification
was by a mixture melting point with a known sample.1

Oxidative decomposition of the polymeric ozonide (VII1). A
mixture of 1 g. of the polymeric ozonide (VI1II), 1.5 ml, of
30% hydrogen peroxide, and 30 ml. of 80% formic acid was
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warmed gently. Reaction was immediate and after 10 min.
the mixture had turned black. The solution was extracted
with ether and the ether layer was extracted with sodium
bicarbonate solution. Acidification of the bicarbonate solu-
tion and filtration and recrystallization of the precipitate
from ethanol gave 0.2 g. of diphenic acid (m.p. 210-212°;
recrystallized, ethanol, m.p. 216-218°). Identification was
by the mixture melting point method.

Deco7nposition products of the polymeric ozonide (VIII).
The polymeric ozonide decomposes to a tar on standing at
room temperature for several days. Bicarbonate extraction
of the tar gave a low yield of 2-formyl-2'-biphenylcarboxylic
acid, m.p. 132-134°. Sodium hydroxide extraction gave a
low yield of an oily phenolic material. Bisulfite extraction
yielded a small amount of 2,2'-biphenyldicarboxaldehyde,
m.p. 60-62°. ldentifications were by the mixture melting
point method.1

In another instance a solution of 1 g. of the polymeric
ozonide and 50 ml. of methanol was refluxed for 1.5 hr.,
after which it gave a negative active oxygen test with sodium
iodide. The solution was evaporated, the residue was dis-
solved in ether, and the ether solution was extracted first
with sodium bicarbonate solution, second with sodium
hydroxide solution, third with sodium bisulfite solution, and
then evaporated. The residue resisted crystallization.
Nothing was obtained from the sodium hydroxide extract,
showing the absence of phenolic material. From the bisulfite
extract was obtained 2,2'-biphenyldicarboxaldehyde (m.p.
62-63°) in 16% yield. The bicarbonate extract was acidified
and extracted with ether. The ether solution was extracted
with a bisulfite solution and evaporated, and the residue
was crystallized from ethanol; the yield of diphenic acid
(m.p. 210-212°, recrystallized ethanol, m.p. 214-216°) was
14%. From the bisulfite extract was obtained 2-formyl-
2'-biphenylearboxylic acid (m.p. 132-134°) in 20% vyield.
Identifications were by the mixture melting point method.

Ozonolysis of phenanthrene in glacial acetic acid. An ozone-
oxygen stream containing 4% by weight ozone was passed
at a rate of 40 1 per hour through a suspension of 4 g. of
phenanthrone in 30 ml. of glacial acetic acid cooled to 16%.
No ozone passed over into the K1 trap until one mole of ozone
per mole of phenanthrene had been absorbed; at this point
all of the phenanthrene had gone into solution. Upon cooling
the solution in an ice bath, 3.7 g. of a colorless, amorphous
appearing solid precipitated, m.p. (decomposition) 90°.
Evaporation of the filtrate gave only a tar. The solid mate-
rial was slightly soluble in ether released iodine from iodide
solution, and gave a weak lead tetraacetate test.

Anal. Calcd. for (C,ITINOs)x (VIII): C, 74.33; H, 4.5;
active O, 7.1; mol. wt. (monomer) 226. Calcd. for CisHuOs
(XI): C, 67.12; H, 4.9; active O, 5.6; mol. wt., 286. Found:
C, 69.10; H, 4.2; active O, 7.1; mol. wt. (cryoscopic, ben-
zene) 515, 444.

In another instance the product was precipitated by addi-
tion of ice water. It melted at 102°. Recrystallization by
addition of ligroin to a benzene solution of the material
raised the melting point to 105°.

Anal. Found: C, 70.76; H, 4.7; active O, 6.9; mol. wt.
(cryoscopic, benzene) 648.

The material gave the same results as did the pure poly-
meric ozonide when treated with formic acid-hydrogen
peroxide, or when allowed to decompose.

The infrared spectra of both materials showed weak hy-
droxyl bands at 3.0/x and moderate carbonyl bands at 5.9ju.
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Catalytic Hydrogenation. I. Kinetics and Catalyst Composition in the
Preparation of 2-Methylfuran

DONALD G. MANLY ana A. P. DUNLOP

Received January 24, 1968

The rates of formation of 2-methylfuran and by-products from the vapor phase hydrogenolysis of furfuryl alcohol are
reported. 2-Pentanol and 2-methyltetrahydrofuran are formed by further reaction of 2-methylfuran, while some tetrahydro-
furfuryl alcohol is formed by a competing reaction. The kinetics indicate that 2-methylfuran may be prepared in substan-

tially quantitative yields over a copper chromite catalyst.

Investigation of the liquid-phase hydrogenolysis
of furfural to 2-methylfuran over various copper
and copper chromite catalysts has given occasional
yields as high as 90% at temperatures ranging from
200° to 290°.2Somewhat better results have been
reported in vapor phase reactions. Bremner et alA3
have reported 85-90% yields from furfural at
200-300°C. Lukes and Wilson& report at best an
80% vyield over a copper-iron catalyst under similar
conditions. Others45 report similar results around
200° from furfural using an Adkins type copper
chromite, but only a 70% vyield when furfuryl
alcohol was used as a starting material. These
results are not in agreement with the present re-
sults in which an 88% yield was obtained when fur-
fural was used as the liquid feed and 95% or better
using furfuryl alcohol.

The function of calcium or barium oxides in
copper chromite catalysts (Adkins type) is generally
considered to be that of a selective promotor in
hydrogenation reactions. Since in the present
work (Table 1), no significant difference was ob-
served in yields or in rates of reaction over catalysts
which contained the alkaline earth metal oxides,
as compared with those which did not, it must be
concluded that these oxides have no apparent ef-
fect on the type of hydrogenolysis reaction under
discussion.

The addition of a small amount of sodium sili-
cate to copper chromite resulted in very poor
yields at temperatures up to 300° as shown in
Table | and the resulting catalyst behaved more
like copper than copper chromite. This effect can be
attributed to either a reaction with the active cop-
per chromite catalyst which would decrease its
acidity in a Lewis sense, or a physical distortion of
the lattice acting then as a lattice defect poison.
In any event, it confirms the effect noted by Brem-

(1) See for example K. Tsuda et al., Chem. Abslr., 45,
6182 (1951). M. Okawara, Chem. Abstr., 47, 4832 (1953).

(2) J. Bremner, R. Keeys, and D. Jones, Brit. Patent
634,079 (1947).

(3) J. Bremner and R. Keeys,./. Chem. Soc., 1068 (1947).

(3a) R. Lukes and C. Wilson, J. Am. Chem. Soc., 73,
4790 (1951).

(4) R. F. Holdren, U. S. Patent 2,445,714 (1948).

(5) L. W. Burnett, Ph.D. thesis, lowa State College,
1943

ner and Keeys3 that basic additives decrease
catalyst activity from the standpoint of hydro-
genolysis.

A copper catalyst, contrary to results reported6
earlier, gave poor yields of methylfuran and acted
primarily as a hydrogenation catalyst with very
little tendency toward hydrogenolysis. Apparently
at temperatures above 250°, this catalyst has little
effect on the rate of formation of methylfuran.

Although any of the catalysts employed may be
used without prior reduction, the catalyst actually
becomes reduced during the reaction period. This
process, which is highly exothermic for copper
chromite catalysts, results in uncontrollable hot
zones in the catalyst bed causing poor yields of
methylfuran. Reduction of the catalysts at tempera-
tures below 250° with controlled mixtures of hy-
drogen and nitrogen permits a smooth reaction and
gives a catalyst of better activity and life than those
not previously reduced. Catalysts which were re-
duced at temperatures of 300° or higher were less
active than those reduced below 250° since they
required temperatures about 30° higher to give
similar conversions and yields. This temperature
effect is presumably due to distortion of the
physical structure of the catalyst resulting in fewer
undisturbed positions for the adsorption of hydro-
gen or furfuryl alcohol.

Of the three copper chromite catalysts (No. 1, 2,
3) containing only copper chromite which were in-
vestigated, the best conversions were obtained on
that which contained 80% copper oxide prior to
reduction. The active catalyst is reported7 to be
CihCiAh + Cu which would be approximately
60% copper oxide before reduction. There is little
difference between catalysts 1 and 2 except in
conversion at the lower temperatures. These two
catalysts bracket the desired 60% and would be
expected to be similar. The reasons for the lower
conversions observed with catalyst 1 are not un-
derstood at the present time, but the results ap-
pear to indicate that excess chromium oxide has a
detrimental effect.

(6) H. Guinot, U. S. Patent 2,456,187 and French Patent
973 322.
(7) J. D. Stroupe, J. Am. Chem. Soc., 71, 569 (1949).
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TABLE |

Cata- 2-Pen-
lyst Composition* T MeF MeTHF tanol THFA FA Diol
No. (%) (°C.) (%)f (%) (%) (%) (%) (%)
1 52 CuO 200 92.1 3.7 1.5 0.5 0.1 2.1
36 Cr03 175 333 — 0.2 0.1 65.3 1.1
150 8.6 0.7 - - 90.5 0.2
2 80 CuO 200 92.2 1.8 1.8 1.7 — 2.5
17 CrD3 175 70.8 1.6 0.8 0.2 23.6 2.0
2 Graphite 150 25.4 0.4 0.5 — 72.7 1.0
3 94 CuO 200 83.8 3.2 5.7 1.0 2.1 4.2
6 CrD3 175 66.4 1.2 4.5 0.1 23.4 4.4
150 16.7 0.5 0.4 — 81.2 1.2
4 46 CuO 200 93.1 3.6 1.7 1.0 0.2 0.4
50 CrD3 175 87.9 2.1 0.6 0.2 8.5 0.7
4 CaO 150 17.7 0.8 0.4 0.1 80.7 0.3
5 72 CuO 300 44.8 115 4.6 2.1 35.1 1.9
15 CrD3 275 41.8 10.1 4.9 1.0 39.6 2.6
12 Nasi03 250 32.8 4.0 3.1 1.4 55.6 3.1
6 96 CuO 300 2.8 0.5 0.2 96.0' 0.5
4 Graphite 250 4.1 14.8 0.6 78.0¢ 25
200 1.2 2.9 0.2 95.0¢ 0.7

“ Non-reduoed tablets, prepared and analyzed by The Harshaw Chemical Co., Catalyst Div. bFor method of analysis
see experimental section. MeF = 2-methylfuran, MeTHF = methyltetrahydrofuran, THFA = tetrahydrofurfuryl alcohol,
diol = 1,2-pentanediol, FA = furfuryl alcohol. e Qualitative analysis indicates that this is largely FA in agreement with

the results of Bremner and Keeys.8

On the basis of the products observed and the
data obtained, the reaction sequence involved
must be as shown

2-pentanol
t[*jL-CH DH

1 . ACH,OH
1,2-pentanediol

The 1,2-pentanediol must be a product of direct
reaction of furfuryl alcohol since tetrahydrofurfuryl
alcohol did not form this product under these
conditions. Also 2-methyltetrah3'drofuran and 2-
pentanol are formed by further reaction of 2-
methylfuran since neither of these products are
formed from tetrahydrofurfuryl alcohol in yields of
greater than 1%. This conclusion is also drawn
from the results shown in Table Il where the yield
of pentanol is reported under similar conditions of
feed rate and gas flow. Traces of 2-pentanone were
found occasionally, in contrast to the reported8
results which wEre obtained at very low gas tc feed
ratio.

TABLE 11
Conversion to Pentanols over Catalyst 2
MeTHF feed MeF feed

T % Con- T % Con-
(°C)) version (°C.) version
200 <2 120 3
300 9 150 21
400 35 180 63

(8) C. Wilson, J. Am. Chem. Soc., 70, 1313 (1948)

The rate of formation of 2-methylfuran (hydro-
genolysis of side chain) is increased more rapidly by
a temperature increase than either the rate of for-
mation of tetrahydrofurfuryl alcohol (hydrogena-
tion of nucleus) or pentanediol (hydrogenolysis of
the nucleus). From the kinetic data, there is a
temperature at which the conversion of furfuryl
alcohol to 2-methylfuran reaches a maximum. Any
further increase in temperature serves mainly to
increase the rate of formation of other products.
The actual temperature would be expected to de-
pend on rate of feed as well as contact time. How-
ever, Table 111 shows that the rate of hydrogen
flow had essentially no effect on the composition
of the product in the range of 8:1 to 30:1 mole
ratio of hydrogen to feed. A rather significant de-
crease in the amount of hydrogenolysis products
(pentanediol and pentanol) was observed when the
rate of feed was increased, while no such change was
observed in the amount's of hydrogenated products.
Since it was previously established that copper acts
primarily as a hydrogenation catalyst, it may be
concluded that the hydrogenation reactions must
require an active site on a portion of the catalyst
which is copper whereas the hydrogenolysis requires
copper chromite.

TABLE |IlII

Effect of gas flow and feed rate at 218°C. over catalyst 2
Feed rate 209./hr. 20 g./hr. 5g./hr.
Gas flow 30: 10:1 10:1
MeF 91.5 93.1 84.8
MeTHF 3.2 3.4 4.0
2-Pentanol 15 0.8 21
THFA 1.4 0.4 0.8
1,2-Pentanediol 2.5 2.3 8.3
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Since the three hydrogenolysis reactions are com-
peting, with the formation of 2-methylfuran being
the lower energy process, an increase in feed rate
leads to the preferential formation of 2-methyl-
furan. A saturation point would probably be reached
where the formation of pentanol would not occur
and the formation of pentanediol would be mini-
mized.

In the calculation of kinetic data, the rate con-
stants were taken as percentage yields. For 2-
methylfuran the rate constants, shown in Table 1V,
were taken as the yield of 2-methylfuran plus the
yields of 2-methyltetrahydrofuran and pentanol in
keeping with the assumption that these products
arise from further reaction of methylfuran. Further
evidence for this assumption was obtained by taking
samples at various depths in the catalyst bed. When
about half of the catalyst bed length was used the
yield of methylfuran was 99%. A plot of —og k vs.

TABLE IV
Logarithm of Rate Constants for Formation of MeF
Cata-
lyst 200° 175° 150° 125° o
1 1984 1525 0.973 — —
2 1982 1.874 1420 0.204 -0.689
3 1967 1858 1.248 0.431 —
4 1986 1988 1.093 0.380 +0.041

1/T did not shown any differences in slope for each
copper chromite catalyst which could not be at-
tributed to experimental error. Therefore the values
were averaged and plotted to obtain 24.1 + 138
k cal/mole for the heat of activation in the forma-
tion of methylfuran. Similar calculations for the
formation of tetrahydrofurfuryl alcohol gave in-
creasing heats of activation as the copper content
of the catalyst increased. The figures are 26.7 *

CATALYTIC HYDROGENATION. 1
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3.0 for catalyst 1, 35.7 = 3.0 for catalyst 2, 38.7 £
3.0 for catalyst 3, and 28.7 + 3.0 for catalyst 4.

EXPERIMENTAL

Apparatus. The reaction chamber was a vertical glass tube
20 in. long and 20 mm. in diameter, externally heated by
means of nichrome wire, containing 2 thermocouples at 6
and 12 in. depths, and a glass wool plug as support for the
catalyst. A glass vaporizer was constructed to permit ad-
mixture of the preheated hydrogen and feed before entering
the reaction chamber. The product was cooled by means of
a cold water condenser followed by dry ice traps. The hydro-
gen gas was vented to the atmosphere after the cooling
traps.

Typical run. A catalyst charge of 160 g. was used. The
catalyst was reduced by heating to 140° under a nitrogen flow
of 413 liters/hr. and a hydrogen flow of 45 liters/hr. The
nitrogen flow was gradually cut to zero over 3 hr. and the
temperature was then raised to 210° until no further evolution
of water of reduction occurred. The water given off from cata-
lyst 2 corresponded to a reduction of 71% of the catalyst.
When the reduction reached this point, the hydrogen flow
was raised to 63 I./hr. and furfuryl alcohol (Q.O0. FA) was
added to the vaporizer by means of a peristaltic action
pump at a rate of 20 g./hr. At least a 1 hr. conditioning run
was used in aL cases and the actual run was made over a
period of 3 to 4 hr. In all runs used for the kinetic data, this
feed rate and gas flow were used.

Catalysts. All catalysts used were prepared and analyzed
by The Harshaw Chemical Company and were one-eighth
inch tablets.

Analysis of products. The organic layer was analyzed
using a Perkin-Elmer Vapor Fractometer containing a
column packed with material in which didecyl phthalate
was the stationary liquid phase. Analysis of the water layer
showed not more than 0.2% of any one component and was
not used in the calculations. To arrive at an analysis of the
product for furfuryl alcohol, the product was distilled up to
101° and the residue was analyzed by the Hughes-Acree
technique.

Acknowledgment. The authors wish to express
their appreciation to Mrs. Barbara Tonyan for her
assistance in performing a large portion of the ex-
perimental work.
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Examination of the infrared spectra in the solid state of a number of indole compounds substituted in the pyrrole ring
shows regularities in the 3200-3400 cm.“1(NH) region and in the 1610-1780 cm.*“1(CO and COOH) region. Two effects were
observed: (1) in each region the band appeared at a lower frequency for the 3-substituent as compared with the 2-substituent,
and (2) electron-withdrawing groups in the 2- or 3-position shifted the NH vibration to lower frequencies and electron re-
leasing groups shifted it to higher frequencies. Four new indole compounds were synthesized: |,1'-oxalylbis(3-methylindole),
bis(I-methyl-3-indolyl)glyoxal, ethyl I-methylindole-3-carboxylate, and I-methylindole-3-carboxylic acid. A compound
previously assigned both the 2-indolyl diketone and 3-indolyl diketone structures was synthesized independently and shown

to be the latter.

The molecular structures of a number of indole
compounds have been examined by means of in-
frared spectral analysis; however, systematic
studies reflecting the peculiarities of the indole
nucleus are lacking. Of note in this direction is the
contribution of Brown, Henbest, and Jones,@
who listed the principal infrared bands of six in-
doles and generalized that the strong bands at
1410 and 1550 cm.-1 in 2-methylindole and at
1090 cm.“1 in 3-methyl- and 3-n-propylindole
differentiate 2- and 3-alkylindoles. Snydeb and
Eliel4have reported infrared spectra for four indole
compounds. Fuson, Josien, Powell, and Utterback6
studied the NH stretching frequency of indole as a
function of concentration in carbon tetrachloride
and assigned the band at 3420 cm.“1to associated
NH. Recently, Ballantine, et ah,6 have reported
that in 3-acylmdoles, the NH band and the CO
band occur at lower frequencies than for the cor-
responding 2-substituted compounds. The purpose
of the present investigation was to examine more
extensively the infrared spectra of indole compounds
with the intention of extending the previous studies,
particularly that of footnote 6.

Syntheses. Ethyl I-methylindole-3-carboxylate
was synthesized by the action of methyl iodide and
ethanolic sodium ethylate on ethyl indole-3-
carboxylate. Quantitative saponification gave 1-
methylindole-3-carboxylic acid. Non-depression of
the mixture melting point and the identity of
their infrared spectra showed this sample and the
one prepared from bis(l-methyl-3-indolyl)glyoxal
by alkali fusion to be identical.

(1) Taken from part of the thesis submitted to the Grad-
uate Faculty of the Polytechnic Institute of Brooklyn in
partial fulfillment of the M.S. degree, 1956.

(2) To whom inquiries should be directed.

(3) J. B. Brown, H. B. Henbest, and E. R. H. Jones, ./.
Chem. Soc., 3174 (1952).

(4) H. R. Snyder and E. L. Eliel, J. Am. Chem. Soc., 70,
1857 (1948).

(5) N. Fuson, M. L. Josien, R. L. Powell, and E. Utter-
back, J. Chem. Phys., 20, 145 (1952).

(6) J. A Ballantine, C. B. Barrett, R. J. S. Beer, B. G.
Boggiano, S. Eardley, B. E. Jennings, and A. Robinson, J.
Chem. Soc., 2227 (1957).

The action of oxalyl chloride upon indole at 37°
gave indole-3-glyoxalyl chloride. The structure of
this compound was incorrectly assigned by Giua7
who first reported it in 1924. His proof was based
upon fusion with potassium hydroxide which gave
indole-2-carboxylic acid. This acid is somewhat
unstable at the fusion temperature employed and
rearrangement may have taken place during fusion.
Thus, Ciamician and Zatti8oxidized skatale during
fusion with potassium hydroxide, and obtained both
indole-2- and indole-3-carboxylic acids, indicating
carbon-carbon rupture. In 1954 Speeter and An-
thony9 firmly established the correct structure for
indole-3-glyoxalyl chloride when (1) by ammonoly-
sis and reduction with lithium aluminum hydride,
tryptamine was obtained, and (2) by alcoholysis the
acid chloride was converted to ethyl indole-3-
glyoxylate, a compound known for some time.

The assignment of position of carbonyl attach-
ment in bis(3-indolyl)glyoxal also has been a sub-
ject of controversy. In 1922 Sanna® first isolated
this compound from the reaction of oxalyl chloride
with indolylmagnesium bromide. This Grignard
reagent is active only in the 1- and 3-positions.
The assignment of structure as bis(2-indolyl)gly-
oxal was based upon analysis for the elements, fu-
sion with potassium hydroxide, and oxidation
with hydrogen peroxide to indole-2-carboxylic acid.
In 1924, however, Majima and Shigematsull re-
peated the work and criticized the assignment be-
cause they found that oxidative fusion with potas-
sium hydroxide had given them indole-3-carboxylic
acid. The experience of the latter authors was con-
firmed in the present study.

Bis(3-indolyl)glyoxal is an unexpectedly stable
compound, remaining unreactive to a refluxing solu-
tion of potassium hydroxide in propylene glycol, to
benzyl ketone under a wide variety of conditions,

(7) M. Giua, Cazz. chim. ital., 54, 593 (1924).

(8) G. Ciamician and C. Zatti, Ber., 21, 1930 (1888).

(9) M. Speeter and W. C. Anthony, J. Am. Chem. Soc.,
76, 6208 (1954).

(10) G. Sanna, Gazz. chim. ital., 52 11, 165 (1922).

(11) R. Majima and T. Shigematsu, Ber., 57B, 1449
(1924).
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and to periodic acid. However, a positive carbonyl
test is obtained with 2,4-dinitrophenylhydrazine.
Absorption in the infrared at 3311 and 3425 cm.-1
suggests that the compound may exist as an enolic
ketone. Evidence presented here in support of the
3,3'-assignment, aside from inferences drawn from
spectral analysis, is derived from a new synthesis
based on the action of an equivalent amount of in-
dolylmagnesium bromide upon indole-3-glyoxalyl
chloride which gave a 93% yield of bis(3-indolyl)-
glyoxal. ldentity was proved by mixture melting
point with a sample obtained from a repetition of
the Sanna procedure and duplication of infrared
spectra of the two samples.

EXPERIMENTALI2

General. All of the compounds were prepared and crystal-
lized as indicated in Table 1. Many of the compounds were
synthesized from indole or skatole, which were generously
supplied by Norda Essential Oils and Chemicals Co., New
York. Molecular weights were calculated from cryoscopic
measurements in benzene using 0.300 g. of the compound
in about 5 ml. of benzene. The procedure was checked for
accuracy with benzophenone whose molecular weight was ob-
tained within 5% on each of three successive trials.

SPECTEA OF INDOLE COMPOUNDS

1097

pressure, the residue was dissolved in acetone (Darco G-60)
and recrystallized by the addition of water to incipient pre-
cipitation while hot. The solution was cooled, filtered, and
dried. Two further recrystallizations from benzene (150 ml.)
g%\ég a lustrous white compound (8.1 g., 51.2%), m.p. 268-

Anal. Calcd. for COHIN202: C, 75.93; H, 5.10; N, 8.86;
gz)ol. wt., 316. Found: C, 76.02; H, 5.08; N, 8.90; mol. wt.

5.

The compound (160 mg.) proved completely unreactive
when refluxed with benzyl ketone (100 mg.) and potassium
hydroxide (20 mg.) for 4 hr. in propylene glycol (5 ml.),
dilution with water returning the original material (150
mg.). The compound was insoluble in 5% hydrochloric acid;
it gave an immediate red-brown precipitate with metha-
nolic 2,4-dinitrophenylhydrazine and hydrochloric acid, but
failed to react with an equivalent amount of o-phenylenedi-
amine when refluxed for 1 hr. in glacial acetic acid.

The compound (1.00 g.) was fused with potassium hy-
droxide pellets (10.0 g.) in a nickel crucible at 200° for 0.5
hr. with frequent stin-ing. After cooling, the contents were
dissolved in hct water (carbon), filtered, cooled, and brought
up to pH 3 with 5% hydrochloric acid. Cooling and standing
at 5° for 2 hr. gave a slightly red product which was washed
with water and dried. Sublimation at 150° (1 mm.) gave a
white compound (0.77 g., 69.6%), m.p. 205-206°. A mixture
melting point was not depressed, and the infrared spectrum
proved identical with that of I-methylindole-3-carboxylic
acid prepared below.

Anal. Calcd. for CioHINO02 C, 68.56; H, 5.18; N, 8.00;

11 '-Oxalylhis{3-methylindole). 3-Methylindolylmagnesiunneut. equiv., 175. Found: C, 68.34; H, 5.40; N, 7.97; neut.

bromide was prepared by adding a solution of skatole (36.1
g., 0.275 moles) in anhydrous ether (50 ml.) to ethylmag-
nesium bromide (0.275 moles) in anhydrous ether (300 ml.)
under nitrogen in a 11. flask equipped with a stirrer, vertical
water-condenser, and mercury valve. Following the evolu-
tion of ethane showed that one hour of reflux was required
after addition for completion of the reaction. At 0°, oxalvl
chloride (17.0 g., 0.134 mole) in anhydrous ether (50 ml.)
was added dropwise. The mixture was refluxed for 1 hr.
cooled, and decomposed by the slow addition of 5% sodium
bicarbonate (200 ml.). After acidifying cautiously with 5%
hydrochloric acid (250 ml.) with stirring, the aqueous
layer was discarded and the ether solution was washed until
neutral with water and dried over anhydrous sodium sulfate.
After filtration, the ether was distilled, the residue was dis-
solved in acetone (Darco G-60), and recrystallized by the
addition of water to incipient precipitation while hot.
Another recrystallization from acetone (20 ml.) and water
(10 ml.) gave the white product (10.1 g, 23.9%), m.p.
183.6-184.2° (Xmin 222 mM log <4.21; 281 mM log e 3.91;
X 255 mll, log e4.57; 306 mM log e 4.10).

Anal. Calcd. for C*HieNjOa: C, 75.93; H, 5.10; N, 8.86;
mol. wt., 316. Found: C, 76.00; li, 5.02; N, 8.90; mol. wt.,
297.

Boiling a small amount of the compound with 5% sodium
hydroxide and chilling at 5° for a few hours yielded skatole,
which was identified by melting point and mixture melting
point with an authentic sample. The compound failed to
give a hydrazone when warmed with methanolic 2,4-dinitro-
phenylhydrazine in the presence of hydrochloric acid. It
failed to condense with benzyl ketone in ethanolic potassium
hydroxide solution at room temperature or at reflux, condi-
tions under which the compound saponifies. It also failed to
condense with o-phenylenediamine after one hour’s reflux in
glacial acetic acid.

Bis{l-methyl-S-indolyl)glyoxal. Oxalyl chloride (6.3 g.,
0.05 mole) in anhydrous ether solution (50 ml.) was added
dropwise with stirring under nitrogen to a solution of 1-
methylindole (13.1 g., 0.10 mole) in anhydrous ether (200
ml.) at room temperature in 2 hr. and allowed to stand over-
night. After distilling the mixture to dryness at reduced

(12) All melting points are corrected.

equiv., 174 £ 3.

Ethyl I-methylindole-8-carboxylate. Metallic sodium (0.100
g., 4.35 milligram atoms) was dissolved in ethanol (5 ml.)
previously dried over sodium and distilled. After solution of
the sodium was complete, ethyl indole-3-carboxylate (0.700
g., 4.35 mmoles) was added and the solution was refluxed for
15 min. After cooling, methyl iodide (3 ml.) was added. The
solution, 15 min. later, was refluxed for 1 hr. and then dis-
tilled to dryness at reduced pressure. Ether and water were
added for complete solution and the aqueous layer was dis-
carded. The ether solution was washed with water, dilute
hydrochloric acid, water again, and then dried over anhy-
drous sodium sulfate, filtered, evaporated, dissolved in warm
ethanol (2 ml.), precipitated with water (2 ml.), and allowed
to crystallize overnight at 5°. Filtration, air drying, and then
sublimation at 100° (1 mm.) gave a white compound (0.710
g., 80%), m.p. 69.7-70.2°, insoluble in dilute hydrochloric
acid.

Anal. Calcd. for C"HisNOj: C, 70.92; H, 6.45; N, 6.89;
sapon. equiv., 203. Found: C, 71.04; H, 6.33; N, 6.92: sapon.
equiv., 204 + 4.

I-Methylindole-3-carboxylic acid. Ethyl I-methylindole-3-
carboxylate (0.216 g.) was refluxed 4 hr. with 0.0995A so-
dium hydroxide (25.00 ml.), cooled, and titrated to the dis-
appearance of phenolphthalein end point with 0.10301V
hydrochloric acid (13.90 ml.), indicating the saponification
equivalent reported above for the ester. Complete acidifica-
tion precipitated the acid, which was filtered, air-dried, and
sublimed as above to give the white compound (0.181 g.,
98.4%), m.p. 205-206°.

Bis(S-indolyl)glyoxal. Indole-3-glyoxalyl chloride was pre-
pared at —20° in 91% yield following the procedure of
Giua.7 It could be stored for short periods in a vacuum
desiccator. A solution of indole (5.90 g., 0.05 mmole) in an-
hydrous ether (10 ml.) was added to ethylmagnesium bro-
mide (0.05 mole) in anhydrous ether (200 ml.). Ethane was
evolved for 1 hr. while the solution was refluxed after the
addition was completed. The Grignard solution was cooled
to —10° and the granular indole-3-glyoxalyl chloride (0.05
mole) was added all at once with efficient stirring and main-
tained at this temperature for 1 hr. The mixture was allowed
to warm to room temperature and stand overnight. After the
cautious addition of 200 ml. of cold 5% aqueous sodium
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bicarbonate with stirring, the mixture was filtered. The
solids were distilled with steam to remove unreacted indole,
filtered hot, air-dried, and then extracted with methanol in a
Soxhlet apparatus for 6 hr. After filtering the methanol ex-
tract (250 ml.) (Darco G-60), water was added to incipient
crystallization and the solution was cooled. Recr}’stallization
of the precipitate from acetone-water (Darco G-60) gave the
canary yellow product (134 g., 03%), m.p. 279-280°.
(min 237 my, log e 4.24; 254 m«, log e 4.25; 288 m/i, log e
3.98. Xrex 247.5 mli, log e4.28; 266.5 my, log e4.27; 326 mu,
log 64.27.

Anal. Calcd. for CiHIiND 2 C, 74.99; H, 4.20; N, 9.72;
mol. wt., 288. Found: C, 75.45; H, 4.41; N, 9.13; mol. wt.,
281.

A mixture melting point with the compound described by
Oddo and Sannal3was not depressed, and the two infrared
spectra were identical.

The compound proved completely unreactive when re-
fluxed for 16 hr. with benzyl ketone and potassium hy-
droxide in propylene glycol, dilution with water returning
the original material. An immediate precipitate was obtained
from a methanolic solution of the diketone when treated
with methanolic 2,4-dinitrophenylhydrazine and hydro-
chloric acid. The diketone is slightly soluble in aqueous 10%
potassium hydroxide. It is unreactive in 16 hr. to periodic
acid in 80% ethanol containing concentrated sulfuric acid at
room temperature.

Ethyl indole-3-glyoxalate. Sample A was prepared by allow-
ing indole-3-glyoxalyl chloride (1.1 g.) to dissolve in anhy-
drous ethanol (20 ml.) at 5° overnight. The mixture was
warmed to 50° under a slow stream of nitrogen for a few
minutes to complete solution of the ethyl ester. Water (5
ml.) was added, and the solution was allowed to cool slowly
with final chilling to 0°. Filtration gave a lustrous white com-
pound (0.6 g., 55%), m.p. 187°.

Anal. Calcd. for CiHNNO08: C, 66.35; H, 5.11. Found; C,
66.81: H, 4.93.

Sample B was prepared by the procedure of Elks, Elliott,
and Hems. 4

Anal. Calcd. for CiHuNO03: C, 66.35; H, 5.11. Found: C,
66.00; H, 5.19.

Either sample, when heated with concentrated aqueous
ammonia, gave indole-3-glyoxamide, m.p. 252°. A mixture
melting point of the esters or of the amides gave no depres-
sion. An ethanol solution of either sample gave the same
ultraviolet spectrum (Xm,, 230 my, log e 3.62; 262 my, log
€ 3.98; 283 m/x, log e 3.46. Xrex 256 my, log e 4.00; 267 my,
log €3.99; 322 m” log e 3.99).

The forms of this ester are interconvertible. Recovery of
ester after seven days from either solution by concentration
at 40° and dilution with an excess of water, followed by fil-
tration and air-drying, gave A.

If, in the preparation of A given above, periods of long
heating at reflux or heating in the presence of hydrogen
chloride were not avoided, B resulted. At times, samples were
obéained that showed absorptions of both the spectra of A
and B.

X-ray powder diagrams showed the two samples to be
polymorphic. The major peaks and a qualitative estimate of
their intensities are listed in Table I. Two different infrared
spectra were found for those samples of the ester, and they
are given more completely in Table I1. Unfortunately no
solvent could be found with sufficient transparency in the
interesting carbonyl region, which would dissolve a suitable
concentration of the keto-ester so as tc give solution spectra.

Indole-2-carboxylic acid. Recrystallization of indole-2-
carboxylic acid from benzene yields variously either of two
polymorphic samples (see Table II). Further, on one occa-
sion crystallization of the acid from a supersaturated solu-

(13) B. Oddo and G. Sanna, Gazz. chim. iial., 51 Il, 337
(1921).

(14) J. Elks, D. F. Elliott, and B. A. Hems, J. Chem. Soc.,
629 (1944).
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TABLE |
X -Ray Powder Diffraction Lines (CU K«-X = 1.5418)
Preparation A Preparation B
Dis- Dis-
20 tance Intensity 20 tance Intensity
3i. Ethyl indoie-3-glyoxalate
7.7°  11.5A Medium  7.0° 12.6 A Weak
9.0 9.8 Very 7.7 115 Very
strong strong
14.5 6.10 Weak 9.6 9.2 Very
weak
154 5.75 Very 144 6.14  Medium
weak
15.9 557  Very 14.9 5.94  Medium
weak
17.4 509 Weak 15.4 5.75  Strong
18.2 4.87 Medium 16.8 5.27  Weak
18.4 482 Very
weak
2c¢. Indole-2-carboxylic acid
5.1° 17.3 A Strong 59° 15.0i Strong
5.9 15.0 Weak 11.8 7.5 Medium
10.3 8.6 Medium  15.0 5.9 Weak
11.8 7.5 Weak 155 5.7 Very
weak
19.0 467 Medium 164 5.4 Weak
19.6 453 Weak 17.2 515 Weak
20.3 437  Strong 25.2 3.53  Weak
22.9 3.88  Weak
24.2 3.67 Medium
25.0 3.56 Medium

tion in ethylene dichloride, the spectrum showed absorption
frequencies characteristic of both samples.

I ndole-3-glyoxalic acid. This compound was prepared ac-
cording to the procedure of Elks, Elliott, and Hems, 4 dried,
and recrystallized from chlorobenzene (Xm, 229.5 my, log
e 3.68; 282 m/x, log e 3.61. Xrex 256 my, log e 3.99; 312 my,
log €3.92).

Bis(S-indolyl)glyoxal monosodium salt. Metallic sodium
(56 mg., 2 m-atoms), weighed under hexane, was added to
dry methanol (2 ml.). Bis(3-indolyl)glyoxal (0.576 g., 2
mmoles) was then added and the solution was allowed to
stand overnight under methanol vapor. The solution was
distilled to dryness at 1-mm. pressure leaving an orange-
yellow powder which was used for an infrared spectrum in a
potassium bromide disk.

Potassium carboxylale salts—compounds 2a, 2b, 2i, 3e.
Samples of these salts for infrared spectra in potassium
bromide disks were obtained as in the preceding paragraph.
A small weighed amount was mixed with a few milliliters of
methanol and an equivalent quantity of alkali was titrated
into the mixture. When solution was complete, the solvent
was distilled to dryness at 1-mm. pressure at room tempera-
ture during 4 hr.

SPECTRA

Polar effects in infrared spectra are currently re-
ceiving increased attention.’5% The purpose of
part of the present investigation is to present the
results of examining the spectra of a variety of in-
dole derivatives for regularities. Table I11 lists the

(15) L. J. Bellamy and R. L. Williams, J. Chem. Soc.,
4294 (1957) and preceding papers.

(16) W. R. Vaughan and G. K. Finch, J. Org. Chem., 21,
1201 (1956).
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TABLE Il

Infrared Absorption Frequencies'l

2a. Potassium 2-indolylcarboxylate

2b. Potassium 3-indolylcarboxylate

2j. Potassium N-methyl 3-indolylcarboxylate
3e. Potassium 3-indolylglyoxalate

2c-A  Indole-2-carboxylic acid

2c-B  Indole-2-carboxylic acid

3i-A  Ethyl indole-3-glyoxalate

3i-B  Ethyl indole-3-glyoxalate

4c. Bis (3-indoly )glyoxal

4d. Bis(3-indolyl)glyoxal sodium

3425m; 3226w; 3240s; 1529m; 1410s; 1342m;
1330m; 1287w; 1237w cm-1.

3390m; 3257m; 1614vw; 1580w; 1549s; 1515m;
1490w; 1342w; 1331w; 1283w; 1240w cml

3257m; 1614vw; 1538s; 1508m; 1465s; 1429m;
1376m; 1350w; 1313m; 1242m cm-1

3367m; 3165w; 1623m; 1600s; 1511m; 1406m;
1348m; 1308w; 1244w cm-1

3413m; 1678s; 1577w; 1543m; 1408w; 1453s;
1342w; 1311m; 1263m; 1196w; 1151w;
1119w; 1103w; 937w; 833m; 775m; 749m;
736m

3356m; 1709s; 1520m; 1441m; 1416m; 1348m;
1305w; 1238m; 1196s; 1163w; 1117w; 846w,
820m; 769s; 741m; 728m

3185s; 1733s; 1623s; 1587m; 1515m; 1493m;
1437s; 1403w; 1337w; 1316w; 1263s; 1236s;
1154m; 1147m; 1130s; 1094m; 1020m;
940m; 862m; 789m; 763s; 759m, 658m

3226s; 1724s; 1634s; 1618s; 1590w; 1506s;
1433s; 1401m; 1339w; 1314w; 1267s; 1241s;
1157w; 1130s; [1Olw; 1020m; 1008m; 938m;
874m; 819s; 809w; 773m; 743s; 653m

3425m; 3311s; 1623m; 1610s; 1515s; 1495w;
1468w; 1439s; 1416m; 1339w; 1311lw;
1242s; 1185w; 1148w; 1136w; 1120s;
1103s; 1087m; I0I0w; 874w; 821w; 784m;
779s; 759m; 747m; 735s

3367s; 1623m; 1595s; 1515s; 1460m; 1422s;
1395m; 1333w; 1307m; 1274m; 1241m;
1215m; 1167w; 1143w; 1117m; 1103m;
1087w; IOIOw; 965w; 935w; 881m; 853m;
804w; 778s; 748s

° Intensity designations: s = strong; m = medium; w = weak.

data obtained for the NH and the CO regions for
compounds in the solid state.

The NH region. Three conclusions may be reached
from the data of Table I11. The first is that the in-
doles unsubstituted in the 1-position absorb in the
range 3425 to 3144 cm.-1 This compares with the
range reported previously,63472 to 3378 cm.“1The
range reported by Ballantine, et al.,6 for 3-acylin-
doles begins at slightly lower frequencies, i.e., 3135
cm.-1 and that of TannerI®at 3020 cm.“1 When
the 1-position is substituted (lb, 2i, 2j, 2k, 4a, 4b)
no band appears in this region. This observation
has been made previouslyBfor bis(2-pyrryl)glyoxal
with absorption at 3340 cm.“1compared to bis(l-
methyl-2-pyrryl)glyoxal which shows no band from
4000 cm.“1to 3300 cm.“land for a number of in-
doles.4617 The NH region is also relatively free of
CO overtone frequencies—an observation substan-
tiated by the spectra of N-substituted carbonyl in-
doles (4a, 4b) and indole acids (ld, 2c, 2d, 2j).

The second conclusion is that the frequency at
which the NH band appears is affected by the elec-
tronegativity of the substituent itself. As has been
mentioned earlier, this was first observed by Bal-

(17) E. M. Tanner, Spedrochim. Acta, 9, 282 (1957).
(18) M. Litt, M. S. Thesis, Polytechnic Institute of
Brooklyn, 1953.

lantine on a more limited group of compounds.
Thus, with electron-releasing groups the NH band
is shifted to frequencies higher than the NH band of
indole (la. ¢, d, e, f). Electron-attracting groups
shift the NH band to lower frequencies, as far as
3144 cm.“: for 3-indolealdehyde (3b).

The third observation is that for a given substit-
uent placed in the 2- or in the 3-position, the one in
the 3-position has a larger effect. Thus, the NH
band in skatole appears at 3425 cm.“1while that
for 2-methylindole is at 3401 cm.“1 For an exam-
ple of an electron-withdrawing group the NH band
of indole-2-aldehyde appears at 3185 cm.“1 and
that for the 3-isomer at 3144 cm.“1 Other exam-
ples are given in Table I.

Among indole compounds it is well known that
polar effects are greater with the 3-substituent than
with the 2-substituent. Thus, indole-3-carboxylic
acid (K,, = 0.00056) is a weaker acid than indole-2-
carboxylic acid (K = 0.0177). Electron release from
the vinylcgous nitrogen to the carboxylic group has
been offered as the reason for the greater effect at 3.
For the influence of substituents on the NH band
compare le and 3e (CHJ; 2a and 2b (—COOK);
2c-A and 2c¢-B with 2d (—COOCH3; 3a and 3b
(—CHO).

The relative order of substituent effect on the NH
absorption agrees also with that established by
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Compound

Indole

1-Methylindole
2-Hydroxymethylindole
3-Indole-3-acetic acid
2-Methylindole; Methylketole
3-Methylindole; Skatole
Indole-3-acetaldehyde
Potassium indole-2-carboxylate
Potassium indole-3-carboxylate
Indole-2-carboxylic acid
Indole-2-carboxylic acid
Indole-3-carboxylic acid
Methyl indole-2-carboxylate
Methyl indole-3-carboxylate
Ethyl indole-2-carboxylate
Ethyl indole-3-carboxylate
Potassium |-methylindole-3-carboxylate
I-Methylindole-3-carboxylic acid
Ethyl I-methylindole-3-carboxylate
Indole-2-aldehyde
Indole-3-aldehyde

Methyl 3-indolyl ketone
Indole-3-glyoxalyl chloride
Potassium indole-3-glyoxalate
Indole-3-glyoxylic acid
Indole-3-glyoxamide

Methyl indole-3-glyoxalate
Ethyl indole-3-glyoxalate
Ethyl indole-3-glyoxalate
Bis(3-methylindol-I-yl) glyoxal
Bis (I-methylindol-3-y 1) glyoxal
Bis(3-indolyl) glyoxal; 3,3-indil

MILLICH AND BECKER vol. 23
TABLE 111
Physical Constants and Infrared Absorption Frequencies (cm. *)
M.P.,°C. and
Recrystallization
Solvent Ref. N—H COO0 C=0
52.5 Hexane g 3390
[B.p. 115° (12/mm.)] -
76-77 Hexane and C CL c 3378
168 ethylene dichloride d 3378 1706
62 hexane e 3401
96 hexane a 3425
3 1705
/ 3413 Table
/ 3390 Table
206-207 Benzene s 3413 1678
206-207 Benzene Q 3356 1712
222 Aqueous acetone h 3300 1642
151-152 Aqueous methanol h 3300 1689
147-148 Aqueous methanol M6 3257 1669
125-126 Aqueous ethanol N 3322 1695
124 Aqueous ethanol 3257 1669
f — Table
205-206 (Sublimed) LI— 1639
69-70 Aqueous Ethanol . — 1681
138 Ethyl ether ! 3185 1675
198 Dilute ethanol t 3m 1634,1618
191 Ethanol é 3165 1618
138 Ethyl ether 3236 1792 1629
r 3367 Table 1631
224 Chlorobenzene '85 3226 1714 1621
252 Dilute ethanol 8 3425,3257 1669 1621
224 Methanol 8 3226 1736 1621
187 Ethanol B 3185 1733 1626
187 Ethanol 3226 1724 1634,1621
183-184 Aqueous acetone ! - 1689
268-269 Aqueous acetone f - 1623,1610
279-280 Aqueous acetone ! 3425,3311 1623,1610
f 3367 1623,1610

Bis(3-indolyl) glyoxal monosodium salt

° Commercially available. 6 R. Stolle, ./. prakl. Chem., (2) 128, 1 (1930); P. Julian, J. Am. Chem. Soc., 71, 3206 (1949).
c¢W. J. Brehm, /. Am. Chem. Soc., 71,3514 (1949). d C. Heidelberger, J. Biol. Chem., 179, 139 (1949). eL. Marion and C. W.
Oldfield, Can. J. Research, 25B, 1 (1947). f Cf. Experimental. QB. Oddo, Gazz. chim. ital., 421, 361 (1912). hJ. R. Johnson,
R. B. Hasbrouck, J. D. Butcher, and W. F. Bruce, J. Am. Chem. Soc., 67, 427 (1945). *A. Michael, Ber., 38, 2091 (1905).
>W. I. Taylor, Helv. Chim. Acta. 33, 164 (1950). k A. C. Shabica, E. E. Howe, J. B. Ziegler, and M. Tishler, J. Am. Chem.
Soc., 68, 1156 (1946). 1B. Oddo and L. Sessa, Gazz. chim ital., 411, 240 (1911).

Sutton from an analysis of dipole moment data.9
Qualitatively, the shifts are in agreement with the
Hammett sigma values® and the nuclear magnetic
resonance shifts given by Gutowsky et al.212The
comparison of the infrared shifts with the Hammett
sigma values, which refer to rates of reaction or to
equilibria, is strained since the sigma values involve
a dependence upon the transition state. A better
comparison would be the nuclear magnetic reso-
nance spectra but too few are presently available.
For the two indole-2-carboxylic acids, the NH
frequencies at 3413 cm.-1 and 3356 cm.-1 bracket
that of indole, 3390 cm.-1. The band at 3356 cm.-1
may be a consequence of intermolecular hydrogen
bonding, but that at 3413 cm.“ 1can be rationalized
in terms of the p-activating effect COO~ group to-

(19) L. E. Sutton, Proc. Roy. Soc. London, 133 A, 668
(1931); C. P. Smyth, Dielectric Behavior and Structure,
McGraw-Hill Book Co., New York, 1955, p. 314.

(20) H. H. Jaffe, Chem. Revs., 53, 222 (1953).

(21) H. S. Gutowsky, D. W. McCall, B. R. McGarvey,
and L. H. Meyer, J. Am. Chem. Soc., 74, 4809 (1952).

ward nucleophilic substitution.2 This hypothesis is
in agreement with the similar shifts found in the
indole carboxylic acid salts (2a, 2b). An alternative
explanation may lie in association phenomena,6but
concentration studies were not made in the present
work.

Two different NH bands are evident in 3-indolyl-
glyoxamide, 3427 and 3257 cm.“1 The former may
be assigned to the unaffected amidic hydrogen,
while the latter is consistent with other imidic ring
hydrogens.

Of interest also are the two absorption frequencies
in bis(3-indolyl)glyoxal at 3425 and 3311 cm.“1
Models show that with the carbonyl groups cissoid
or transoid there can be no intramolecular hydro-
gen bonding of NH to oxygen. However, tautomer-
ism to a mono-enol would account for the two
bands. The sequence of NH frequencies in the series
given in Table IV (3-indolyl-CO-R) would tend to

(22) J. F. Bunnett, R. J. Morath, and T. Okamoto, J.
Am. Chem. Soc., 77, 5055 (1955).



AugusT 1958

support this conclusion, since normal indole-3-gly-
oxalic compounds have now been shown to exhibit
NH absorption at frequencies about 3200 cm.—!
which is considerably out of line with that occur-
ring in (4c¢).

TABLE IV
Compound
and NH
R Type Frequencies
—COOC,Hs 3i-A keto-ester 3185 em !
3i-B 3226
—COOCH, 3h 3226
—COOH 3f keto-acid 3226
—COCl 3d keto-acid- 3236
chloride
—CONH, 3g keto-amide 3257
—C=C—CH=N—Ph 4¢ vinylogous 3311
| keto-imine
OH

Two absorption bands also appear for 2-hydroxy-
methyl indole. The band at 3378
likely NH while that at 3247 cm.—1is
droxy..

The carbonyl region. The most striking feature of
indole spectra in this region is the pronouneed shift
to lower frequencies which accompanies conjuga-~
tion with the indole nucleus. Compare, for instance,
compounds 2d, 2f, 2h, 2i, and 2k which have car-
boxyl groups attached directly to the 3-position in
indole with compounds 1d, 3f, and 3g where the
carboxyl group is separated from the ring by a CH,
or a CO group (see also footnote 6).

As with the NH region the shift to lower frequen-
cles is greater with 3-substituents than with 2-
substituents. For example, see the isomeric alde-
hydes in Table III.

Carbonyl frequencies have previously been re-
ported as low as 1637 cm.~! for p-hydroxyaceto-
phenone and 1634 cm.~! for p-aminoacetophe-
none.?® The carbonyl absorptions are seen to be
restricted to a much narrower range—of the twelve
indolealdehydes and ketones, all twelve have ab-
sorptions between 1675 and 1618 cm. !

The absorption of indole-3-glyoxalyl chloride
at 1792 cm.~! appears to be in order as do the ab-
sorptions of the two amides, compounds 3g and 4a,
at 1669 and 1689 cm. !, respectively, while the gly-
oxalyl chloride also shows medium intensity ab-
sorption at 1605 and 1590 em. ! in addition to car-
bonyl absorption at 1621 em. ~ 1.

The infrared spectra for the four carboxylate
salts are listed in Table IV for the range 3500 to

(23) A. H. Soloway and 8. L. Fricss, J. Am. Chem. Soc.,
73, 5000 (1951).

hy-
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1250 em. 1. No attempt was made to avoid forma-
tion of hydrates and the medium band at 3250
cm. ! indicates their probable presence. One regu-
larity is the medium absorption at 1529 em.~1 for
the 2-derivative and 1515-1508 cm.~! for the 3-
derivatives.

Bis(3-indolyl)glyoxal shows strong absorption at
1613 em.~!. Because of the unsaturation absorp-
tion which occurs in this region for all of the indoles,
it difficult to make a definite assignment. Assign-

(')H
ments in this region have been given to —C=NH,
the enol form of acetylurethan (w 1608 cm.—1);2%a

the Ph—C=N in 2-phenyl-2-thiazoline (s 1605

em.™1),2%® and the CH;—C==N in 3,5-dimethylpyra-
zole (1595 cm.—1).24¢ Although it thus appears feasi-
ble to assign the band at 1613 em.~! in bis(3-indo-
lyDglyoxal to an enolic form, bis{l1-methyl-3-indo-
lyl)glyoxal also absorbs at 1610 em.—* and here tau-
temerism is not possible.

Throughout this paper it has been noted that
there is a grzater conjugation with a substituent in
the 3-position as compared with one in the 2-posi-
tlon. For pyrrole just the opposite has been ob-
served z

Indoles in general may be classified
as to solubility as those soluble in organic solvents,
typified by indole and alkyl indoles, and those in-
soluble in organic solvents, typified by indoles
with a strongly electron-attracting group in the 2-
or 3-position. With the latter category it is not
feasible to obtain infrared spectra in solution in
solvents which do not themselves absorb in the
critical NH and CO regions. Thus, the infrared
study of indoles in solution in inert solvents where
intermolecular interaction would be minimized
compared with the solid state is strongly handi-
capped. For maximum utility, therefore, compara-
tive infrared analysis has had to be made on in-
doles in the condensed phase.?

Examination of compounds in the condensed
phase raises the question of the effect of concentra-
tion, and thus association, on the position of the
absorption bands. Fuson et al.® have determined the
effect of association for indole. Nevertheless, it
was necessary to examine the compounds in the
condensed phase. Since spectra in potassium bro-

(24) H. M. Randall, R. G. Fowler, N. Fuson, and J. RR.
Dangl, Infrared Determination of Organic Structures, D. Van
Nostrand, New York, 1949, (a) p. 159, (b) p. 211, (¢) p. 223.

(25) M. Scrocco and R. Nicolaus, Atti accad. nazl. Lincei.
Rend., Classe sci. fiz., mat. e nat., 22, 500 (1957); Chem.
Abstr., 51, 17455e (1957).

(26) After the work reported here had been completed
Tanner'” pointed up the difference between the spectra of
some indoles in the condensed state and in solution. For
example, he reports the NH stretching frequency for indole-
3-aldehyde as 3140 em. = (Nujol) and as 3250 em. ! (solu-
tion in tetrahydrofuran).
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mide pellets often afford a degree of resolution
comparable to that of solution spectra, in the pres-
ent study such pellets were employed. It was found,
as hoped, that gross effects of intermolecular inter-
action would be the same or regular and that the
comparative study could be made. However, in the
solid stute different infrared spectra may be ob-
served due Lo polymorphism, and, indeed, two such
cases were found in the present study, nzmely,
ethyl indole 3-glyoxalate and indole-2-
acid.

In conclusicon it 1s hoped that the correlation of the

BLICKE AND GOULD
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greater shift for substituents in the 3- as compared
to those for the 2-position will prove useful in assign-
ing structure among indole compounds.
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Synthesis of 2-Azetidinones (§-Lactams)

F. F. BLICKE ann YW, A, GOULD"?

Recesved January 9, 1958

Eight N-substituted ~-phenyl-8-amino acids, obtained by the addition of an amine to atropic acid, as well as a number of
substituted f-amine acids, prepared by other procedires, were converted into Z-azetidinones. In some cuses, esters of the
acids were also employed. A useful method for the synthesis of certain 2-azetidinones was found to consist in the interaction

of a g-amino acid chloride hydrochloride with dimethvlaniline,

Hitherto, only one example of the addition of an
amine, hydroxylanine, to atropic acid (e-phenyl-
acrylic acid) has been reported; the reaction prod-
uct was e-phenyl-8-aminopropionic acid.? Atropic
acid can be obtained easily from tronic acid by a
simple dehydration process.* Since tropic acic can
now be synthesized readily,® it was feasible to pre-
pare atropic acid in relatively large amounts ard to
study the addition of the following amrines to this
unsaturated acid: methyl-, allyl-, isopropyl-
cyclohexyl-, hexahydrobenzyl-, benzyl and §-
phenylethylamine and aniline.® It was ¢f interest to
determine the extent to which the g-cmino acids
obtained compounds 2, 4, 6, &, 9, 10, 12, and 14,
Table 1) and their esters, as well as a number of
additional 8-amino acids and esters (Tables I and
I1} prepared by other procedures, could be em-
ployed for the synthesis of 2-azetidinones.

The g-amino acids, not obtained by the use of
atropic acid, were synthesized in the following man
ner. Three g-amino acids were obtained by the
addition of benzylamine to ethyl acrylate, methyl
methacrylate and ethy! crotonate, respectively, and
subsequent hydrolysis.

(1) Abstracted from the Ph.D. dissertation of W. A,
Gould, University of Michigan, 1958,

{2) Lilly Endowment Incorporated Fellow.,

(3) A, MeKenzie and R. C. Strathern, J. Chem. Soc.. 82
(1925),

(4) H. 8. Raper, J. Chem. Soc., 2557 (1923).

(3) F. F. Blicke, H. Raffelson, and B. Barna, J. Am.
Chent, Soc., 74, 253 (1033).

(6) In addition, e-phenyl-8-dimethylaminopropionic ccid
was preparec by the addition of dimethylamine to atropie
acid.

o - Methyl - 8 - phenyl - 8 - (benzylamina)-
propionic and &, a-dimethyl-g-phenyl-g-(benzyla-
mingjpropionic acid were prepared by the alkaline
hydrolysis of 1-benzyl-3-methyl-4phenyl-2-azeti-
dinone and 1-benzyl-3.3-dimethyl-1-phenyl-2-aze-
tidinone,? respectively.

3-Phenyl-g-uminopropionic acid was synthesized
by interaction of benzaldehyde, malonic acid, and
ammonium acetate.® This acid was converted into
ethyl g-phenyl-3-aminopropionate which was then
benzylated and hydrolyzed to yield S-phenyl-g-
(benzylaminojpropionic aeid.** When ethyl g-
phenyl-8-aminopropionate was hydrogenated and
then benzylated, subsequent hvdrolysis produced
g-cyclohexyl-3-(benzylaminoipropionie acid.

Ethyl cyclochexyvleyanoacetate! was hydrogen-
ated to form ethy! a-cyclohexyl-g-amiuopropionate.
The latter ester was converted into ethyl a-eyelo-
hexyl - 3 - (benzylamino)propionate by treatment
with benzyl chloride and also by interaction of the
ester with benzaldehyde and hydrogenation of the
resulting Schiff base. [lydrolysis of ethyl a-cyclo-
hexyl-g-(benzylamino)propionate yiclded the cor-
responding acid,

(r) H. T. Clarke, J. IL. Johnsan. and R. Robinson, The
Chemistry of Peniciflin, Princeton University Press, 'rince-
ton, N. J., 1849, p. 973.

(81 H. Btaudinger, H. W. Klever, and P>, Kaber,
374, 1 (1910},

(93 T. B. Johnson and J. 13, Lovalk, J. 4w Chem, Sor.,
58, 200 (1%36).

(10 R. W. Halley and A. D, Holley, J_ Am, Chem. Sor.,
71, 2124 (1949).

(11} I R, Alexander and A. C. Cope, J. A, Chem,
66, 886 (1041),

Ann.,
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TABLE |
Substituted /5-Amino Acids and Their Hydrochlorides
R'R"CCOOH
R"™(W r
Analyses, %
Yield, M.P., Carbon Hydrogen
R R R" R™ % °C. Formula Caled. Found Caled. Found

1 H CHe H H 25 222-224“
2. ch3 CAT H H 78 198-200 CIHIO,N 67.00 66.93 731 7.37
3. HC1of 2 183-184 C,dH14 NNC16
4, CHi=CHCH2 CAT H H 80 164-165 c,,h o,n 70.22 70.05 7.37 7.30
5. HCI of 4 168-169 C,H)®,NCl1c
6. (CHS,CH CHe H H 65 182-183 C,H,,0,N 69.54 69.30 8.27 8.19
7. HC1of 6 190-191 CnATsOAsrcr*
8. CAT CAT H H 70 128-130 clh Fo,n 7466 74.69 6.27 6.31
9. CAT, CA H H 95 192-193 CiH20,N 72.84 72.69 8.56 8.32
10. CAT,CH, CHe H H 95 200-202 CIATAN 73.53 73.22 8.86 9.05
11. HC1of 10 160-162 CiH,H,NCle 64.52 64.41 8.12 7.77
12. CATCH, CAT H H 97 WSs-100" CH¥,0,N3 75.28 75.32 6.71 6.68
13. HCl of 12 174-176* C.ATANCP 65.86 65.92 6.21 6.20
14. CATCH,CH, CAT H H 97 193-194 CnH1D,N 75.81 75.71 711 7.10
15,  HC1 of 14 180-181 C,,H,,,0ANC1 66.77 66.82 6.59 6.70
16, C,HXH, H H CHs 78 185-187’
17. catch, CH, H cat 67 170-173*
18, CHHECH2 CHs <ch3 cth6 8 143-145'
19. CATCH, H H H 75 182-184”
20. catch, CH, H H 81 150-152 C,iH®,N" 68.37 68.44 7.82 7.83
21. HClof 20 131-133 CnHiaO,NCI" 57.50 57.62 7.02 7.02
22. CATCH, H H CHS 88 179-181”
23. CATCH, cat. H H 78 213-214 CHH2Z),N3 73,53 73.39 8.87 8.76
24.  HC1 of 23 230-232 CHEHA NCr 64.52 64.37 8.12 8.03
25. CATCH, H H CAT, 74 165-167 chhZon 73,53 73.59 8.87 8.97
26. HClof 25 138-140 ch Zo,nci 64.52 64.43 8.12 8.24

“A. MacKenzie and R. C. Strathem [/. Chem. Soc., 82 (1925)1, m.p. 222-224°. 6 Caled.: N, 6.50; Cl, 16.44. Found: N,
6.66, Cl, 16.56. c Caled.: N, 5.80; Cl, 14.64. Found: N, 5.91; Cl, 14.87. d Caled.: N, 5.75; Cl, 14.55. Found: N, 5.89; Cl,
14.80. eCaled.: Cl, 11.90; Found: Cl, 12.05. f 3. Decombe [Ann. chim. (Paris), 18, 81 (1932) ], m.p. 190-195°.0Caled.: N, 5.48.
Found: N, 5.78. *J. M. Stewart and C. H. Chang [/. Org. Chem,., 21, 635 (1956) j, m.p. 171-173°. *Caled.: Cl, 12.14. Found:
Cl, 12.23. $Ref. 10, m.p. 187-188°. *Ref. 7, m.p. 169-173°. 1Ref. 8, m.p. 145-148°. mRef. 10, m.p. 184-184.5°. n Caled.:
N. 7.25. Found: N, 7.23. ° Caled.: N, 6.10. Found: N, 6.08. pRef. m.p. about 191°. 3Caled.: N, 5.36. Found: 5.54. ' Caled.:
Cl, 11.91. Found, ClI, 12.17.

Compounds 1 and 24 were recrystallized from water; 8 from aqueous methanol; 6, 19, 20, and 22 from ethanol; 15 from
ethanol-ether; 3 and 7 from isopropyl alcohol; 11 and 26 from isopropyl alcohol-ether; 5 and 21 from methyl ethyl ketone;
13 from dimethoxyethane; 18 from chloroform; 2, 4, 9, 10, 12, 14, 16, 17, 23, and 25 from dimethylformamide.

TABLE I
Esters of <*Phenyl-/3-(benzylamino)propionic Acid and Their Hydrohalide Salts

cthcthcoor7?

chhhch,cthb
Analyses, %

M.P., °C. or Carbon Hydrogen Halogen
R B.P., °C.° Formula Caled. Found Caled. Found Caled. Found

1 CH, 110 (20 mm.) ClHI1ON' 75.80 75.75 7.10 7.25
2 HClof 1 172-173 C,.H,00,NCI 66.78 66.74 6.59 6.77 11.60 11.90
3 CAT 116 (20 mm.) c,at,o,n 76.28 7627 748 7.36
4. HC1 of 3 169-170 C.sHsANCI 67.60 67.68 6.94 6.90 11.09 11.34
5. HBr of 3 129-130 CiATD,NBr 59.34 59.76  6.09 6.35 2194 2214
6. (CH),CH  46-48 CiHZON ,76.73 76.69  7.80 7.97

124 (23 mm.)
7. HC1of 6 163-164 C1H20,NC1 68.36 68.01  7.24 7.05  10.63 10.79

. CATCH,6

g. HC1 of 8 173-174 cZhZohci 7235 7229 633 6.28 9.28 9.33

aWhen distilled, the esters decomposed to a considerable extent even under more reduced pressure than that reported in
the table The yields before distillation ranged from 89-97%. 6 Decomposed extensively upon attempted distillation.
Compound 2 was recrystallized from dimethoxyethane; 4 and 5 from methyl ethyl ketone; 6 from aqueous ethanol;

7 and 9 from isopropyl alcohol.
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TABLE 111
Substituted 2-Azetidinonbs
R'R"C—CO
R'"HC—NR
Analyses, %
Yield, M.P. or B.P,, Carbon Hydrogen
R R' R" R™ Method o °C. Formula Caled. Found Calcd. Found
1. cthech2 H H H D 40 106-108
C Ou (1mm-)u
2. 1 cths5 Il H A 28 114-116 CHDONs 7345 73.64 6.16 6.18
3. CHa cth6 H H C 25 86-87 ckh,on 7451 7451 6.88 6.96
0.1 mm.)
4, chZzchch2 CH6 H H C 48 103-104 ch®n 76.97 76.92 7.00 7.05
(0.1 mm.)
5. (CH3ZCH CiHs H H c 84 90-92 CIHBON 76.15 76.31 7.99 8.11
B 54 (0.05 min.)
6. CH,, CHe H H C 44 59-61 ch Dbn 7856 78.70 8.34 8.42
7. CHIUCH?2 CHo H H C 80 50-51 CaeHa.ON“ 78.97 79.08 8.70 8.74
B 31
8. CHECH2 C#Hb H H C 72 70-72 CM"H.®ON1L 80.99 81.14 6.37 6.44
B 43
A 40
9. c,hichxh2 cth5 I H C 67 145-146 cTh,on 81.24 8101 6.82 6.79
B 40 (0.05 mm.)
10. chbch2 ca, H H C 61 83-84 CuH®ON 7540 75.16 7.48 7.33
0.1 mm.)
11. chbh2 ClJlu H H C 84 131-132 QBH20N  78.99 78.69 8.69 8.75
(0.05 mm.)
12. ch3 H H CeH5 E 52 90-92 CI1H,,ON 7451 7455 6.88 691
(0.6 mm.)
13. CHeCH2 h H cals C 80 138-139
©.1 mm)$#
14. CEH&CH2 I H CHa C 76 85-86 CiTRaON' 7540 7546 7.48 7.59
0.1 mm.)
15,  C#HKCH2 H H CAlu C 81 136-137 CHH20N 78.99 79.09 8.69 8.62
0.1 mm.)
16. ctb cth5 H cth6 E 7 132-1337 c2h,on 84.25 84.15 572 583
17. ch3 CHs H Ceth E 81 105-106 c,hIbn 7540 7541 7.48 755
0.6 mm.)
18. Ce& &CHs CHS H cthb6 C 92 141-142
E 76 0.1 mm.))
19. C«H&LCH2 CH, CHa cté6 C 92 153-155
E 84 (0.5 mm)*

aRef. 10, b.p. 98-112° (2mm.); yield 5% .1 Calcd.: N, 9.52. Found: N, 9.46.c Calcd.: N,,5.76. Found: N, 5.88. d Calcd. :

N, 5.90; mol. wt. 2.37. Found: N, 6.17; Mol, wt. (Rast) 235. e Ref.”, b.p. 145-150° (2 mm.); yield 45%.

Calcd.: mol. wt.

175. Found: mol. wt. (Rast) 175. 1A Spasov, S. Robev, and B. Panaiotova [Godishnik Sofiiskiya Univ. Fiz.-Mat. Fak.-
Kniga 2—Khim., 49, 109 (1956); Chem. Abstr., 51, 12031 (1957)], m.p. 134r-135°. ARef. 7, b.p. 142-145° (0.1 mm.); the
yield was not reported. ’ Ref. 8, b.p. 200° (15 mm.); yields 10%, 60%, and 70%.

Compounds 2 and 16 were recrystallized from ethanol; 7 from petroleum ether (30-40°); 6 and 8 from petroleum ether

(60-75°).

The methyl, ethyl, isopropyl, and benzyl esters
of a-phenyl-/3-(benzylamino)propionic acid (Table
I1) were allowed to react with methylmagnesium
iodide and ethylmagnesium bromide, respectively,
to form I-benzyl-3-phenyl-2-azetidinone.  This
type of synthesis of 2-azetidinones was introduced
by BreckpotR2and was used later by other investi-
gators.71013 The highest yield of the azetidinone
obtained by us by this process was 40%.

Incidentally, in an attempt to convert a-phenyl-
/3-(benzylamino)propionyl chloride hydrochloride
into a-phenyl-/3-(benzylamino)ethyl diazomethyl

(12) R. Breckpot, Bull. soc. chim. Beiges, 32, 412 (1923).

(13) R. W. Holley and A. D. Hollev, J. Am. Chem. Soc.,
71,2129 (1949).

ketone by the use of diazomethane, it was dis-
covered that the reaction product was not the
diazomethyl ketone but was I-benzyl-3-phenyl-
2-azetidinone; the azetidinone was formed in 43%
yield. a-Phenyl-/3-(isopropylamino)-, a-phenyl-0-
(hexahydrobenzylamino)- and a-phenyl-/3-(|3-phen-
ylethylamino)propionyl chloride hydrochloride,
when treated with diazomethane, yielded 1-
isopropyl-3-phenyl- (54%), 1-hexahydrobenzyl-3-
phenyl- (31%) and I-(/3-phenylethyl)-3-phenyl-
2-azetidinone (40%), respectively. Since it seemed
that diazomethane may have served merely in the
removal of hydrogen chloride, it was replaced, suc-
cessfully, by dimethylaniline in a series of experi-
ments. Fourteen 2-azetidinones (Table I11), eleven
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of which are new compounds, were prepared by the
interaction of a /3-amino acid chloride hydro-
chloride and dimethylaniline. In all except three
instances, the yields ranged from 61-92%.

We were unable to obtain I-benzyl-2-azetidinone
by the /3-amino acid chloride hydrochloride-
dimethylaniline process but it was found that the
azetidinone could be prepared in 40% yield by the
interaction of I\V-benzyl-jS-bromopropionamide and
sodium hydride.}4 This azetidinone was isolated by
Holley and Holley,Din 5% yield, from the inter-
action of ethyl /3-(benzylamino)propionate and
ethylmagnesium bromide.

Certain N-benzylamides, such as Hibicon (N-
benzyl-/3-chloropropionamide) (1), have been shown

CEHECHN—CO

hZ—ch?2
I

CEHECHAH)N—CO
CIHX—IIH2

to be effective anticonvulsants. 5% It can be seen
that I-benzyl-2-azetidinone (1), except for the
absence of the chlorine atom, is a cyclic analog of I.
As far as we are aware, anticonvulsant action of
compounds of type Il has not been reported.

In addition to the 2-azetidinones obtained by
procedures which have been described, three aze-
tidinones (compounds 12, 16, and 17, Table I11)
were synthesized by a Reformatsky-type reaction.

Two azetidinones (9 and 16, Table I11) were hy-
drolyzed with alkali to known /3-amino acids. One
azetidinone (9, Table I1l) yielded ethyl a-phenyl-
/3-(benzylamino)propionate hydrobromide when it
was refluxed with ethanol and hydrogen bromide.
When treated with lithium aluminum hydride,
1- benzyl-3-phenyl-2-azetidinone was converted into
2- phenyl-3-(benzylamino)-propanol; the latter com-
pound was also obtained by treatment of ethyl a-
phenyl-/3-(benzylamino) propionate with lithium
aluminum hydride.

The carbonyl absorption of each of the 2-
azetidinones prepared was found to be within the
1750-1730 cm.-1 range.

EXPERIMENTAL

(1-Amino acids obtained from atropic acid. Compounds 2,
4, 6,9, 10, 12, and 14 (Table I) were synthesized by the
following method.

A solution of 0.1 mole of the required amine in 50 ml. of
absolute ethanol was added to a solution of 7.4 g. (0.05

(14) Several 2-azetidinones have been obtained by I. L.
Knunyant and N. P. Gambaryan [lzvest. Akad. Nauk
S. S. S. R., Otdel. Khim. Nauk 1955, 1037; Chem. Abstr. 50,
11277 (1956)] by reaction between a 0-halo amide and
potassium or sodium amide in liquid ammonia.

(15) S. Kushner, R. I. Cassel, J. Morton, and J. H. Wil-
liams, J. Org. Chem., 16, 1283 (1951).

(16) B. K. Hamed, R. W. Cunningham, M. C. Clark,
C. H. Hine, M. M. Kane, F. H. Smith, Jr., R. E. Vessey,
N. N. Yuda, and F. W. Zabransky, J. Pharmacol. Exptl.
Therap., 107, 403 (1953).
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mole) of atropic acid4Z7in 60 ml. of absolute ethanol. After
4 days,Bthe solvent was removed and the residue was re-
crystallized from a suitable solvent.
a-Phenyl-f}-{dimethylamino)propionic acid. This acid was
obtained in 80% vyield by the method described above;
m.p. 143-145"0after recrystallization from 95% ethanol.

a-Phenyl-fl-anilinopropionic acid (compound 8, Table I).
This acid was prepared by heating, for 4 hr. on a steam bath,
a mixture of 7.4 g. of atropic acid, 9.3 g. of aniline, and 2
ml. of acetic acid. The precipitate was filtered and recrystal-
lized from aqueous methanol. The acid is insoluble in water,
soluble in dilute acid and alkali.

Esters of a-phenyl-fl-(benzylamino)propionic acid. The es-
ter hydrochlorides (compounds 2, 4, 7, and 9, Table II)
were obtained by a general method previously described.D
The ester bases (compounds 1, 3, 6, and 8) were liberated
from the salts and distilled. The ester hydrobromide (com-
pound 5) was obtained by addition of hydrogen bromide to
the ester base dissolved in ether.

Ethyl a-phenyl-fl-aminopropionate hydrochloride. From
2.0 g. of a-phenyl-0-aminopropionic acid3 by the general
process mentioned above, there was obtained 2.3 g. (82%)
of product; m.p. 160-162° after recrystallization from iso-
propyl alcohol.

Anal. Calcd. for CnH,®02NCI: N, 6.10; Cl, 15.44. Found:
N, 6.09; Cl, 15.69.

Methyl a-phenyl-p-anilinopropionate. Giazomethane,D
which had been obtained from 43.0 g. of iV-methyl-IV-
nitroso-p-toluenesulfonamide, 2L dissolved in 500 ml. of
ether, and 16.5 g. of a-phenyl-O-anilinopropionic acid
yielded 11.5 g. (65%) of ester; b.p. 154-155° (0.5 mm.).

Anal. Calcd. for CiHiDN: C, 75.27; H, 6.71; N, 5.49.
Found: C, 75.34; H, 6.85; N, 5.36.

f}-(Benzylamino)propionic acid (compound 19, Table I).
This acid was obtained when a suspension of 0.2 mole of
ethyl 0-(benzylamino)propionate2 in 500 ml. of water was
refluxed for 6 hr. The water was removed under reduced
pressure and the residue was recrystallized from ethanol;
yield 75%.

f}-(Benzylamino)butyric acid (compound 22, Table ).
Ethyl 0-(benzylamino)butyrate23 was hydrolyzed in the
manner described above.

Ethyl a-methyl-f)-{benzylamino)propionate. A mixture of
98.1 g. of methyl methacrylate, 107.0 g. of benzylamine,
and 500 ml. of methanol was allowed to remain at room
temperature for 7 days. The solvent was removed and the
residue was distilled; b.p. 97-100° (0.3 mm.); yield 123.7 g.
(60%).

Anal. Calcd. for CiHnON: C, 69.54; H, 8.27; N, 0.76.
Found: C, 69.36; H, 8.22; N, 6.66.

The hydrochloride was prepared by the use of ethereal
hydrogen chloride; m.p. 101-103°.

Anal. Calcd. for CiHigd NCI: N, 5.74; Cl, 14.55. Found:
N, 5.90; Cl, 14.70.

a-Methyl-9-(benzylamino)propionic acid (compound 20,
Table 1). Ethyl a-methyl-0-(benzylamino)propionate was
hydrolyzed in the manner described above in order to obtain
this acid.

Ethyl p-cyclohexyl-0-aminopropionate. Ethyl 0-phenyl-0-

(17) In the preparation of tropic acid,6 it was found
necessary to stir the reaction mixture, after the addition of
formaldehyde, for 12 hrs. in order to obtain the reported

ield.
Y (18) In some instances the amino acid had partially pre-
cipitated.

(19) C. Mannich and E. Ganz [Ber., 55, 3486 (1922)],
m.p. 143°.

(20) T. J. De Boer and H. J. Backer, Org. Syntheses, 36,
16 (1956).

(21) “Diazalid,” Aldrich Chemical Co.

(22) G. Stork and S. M. McElvain, J. Am. Chem. Soc.,
69, 971 (1947).

(23) J. Decoznbe, Ann. chim. (Paris), 18, 81 (1932).
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aminopropionateD (19.3 g.), dissolved in 150 ml. of acetic
acid, was hydrogenated at 50° in the presence of 0.5 g. of
platinum dioxide under an initial pressure of 50 pounds until
the calculated amount of hydrogen had been absorbed.
After filtration and removal of the solvent from the filtrate
under reduced pressure, the residue was dissolved in water,
the solution was made alkaline and extracted with ether.
The solvent was removed from the dried extract and the
residue was distilled; b.p. 81-82° (04 mm); yield 13.8 g.
(70%).

Anal. Calcd. for CnH20N: C, 66.29; H, 10.62; N, 7.03.
Found: C, 66.21; H, 10.44; N, 7.00.

The hydrochloride, prepared by the use of ethereal hydro-
gen chloride, melted at 108-110° after recrystallization from
isopropyl alcohol.

Anal. Calcd. for CIHZONCI: Cl, 15.04; N, 5.94. Found:
Cl, 15.37; N, 6.01.

Ethyl 3-cydohexyl-f}-{benzylamino)propionate. (a) Ethyl
/3-cyclohexyl-/3-aminopropionate (39.8 g.) and 126 g. of
benzyl chloride were heated at 70° for 5 hr. After the addi-
tion of 500 ml. of anhydrous ether, the mixture was cooled
in a refrigerator for 12 hr., filtered, and the solvent was re-
moved from the filtrate. The residue was distilled; b.p.
150-152° (0.1 mm.); yield 16.0 g. (55%).

Anal. Calcd. for CisHZZON: C, 74.70; H, 9.40. Found:
C, 74.68; H, 9.49.

(b) Ethyl /3-cyclohexyl-/3-aminopropionate (19.9 g.),
10.6 g. of benzaldehyde, a catalytic amount of zinc chloride,
and 200 ml. of benzene -were refluxed for 12 hr. in a 500-ml.
flask to which a Dean-Stark trap was attached. The benzene
was removed from the filtered mixture under reduced pres-
sure and the product, ethyl /3-cyclohexyl-#-(benzvlidene-
amino)propionate, was distilled; b.p. 170° (1 mm.); vield
23.0 g. (80%).

Anal. Calcd. for CUHBN: C, 75.22; H, 8.77; N, 4.87.
Found: C, 75.23; H, 8.81; N, 4.73.

The ester (23.0 g.), dissolved in 150 ml. of absolute etha-
nol, was hydrogenated in the presence of 0.5 g. of platinum
dioxide under an initial pressure of 50 pounds until the
calculated amount of hydrogen had been absorbed. The
solvent was removed from the filtered mixture and the resi-
due was distilled; b.p. 170-172° (0.7 mm.); yield 17.3 g.
(75%).

A mixture of 0.5 g. of the propionate and 5 ml. of hydro-
chloric acid was evaporated to dryness and the hydrochloride
was recrystallized from isopropyl alcohol; m.p. 179-180°.

Anal. Calcd. for CisH® NCI: C. 66.33; H, 8.66; ClI,
10.88. Found: C, 66.24; H, 8.60; Cl, 11.01.

(3-Cyclohexyl-fi-(benzylamino)propionic acid (compound 25,
Table ). Ethyl /?-cyclohexyl-/3-(benzylarr_ino)propionate
(16.0 g.), 4.0 g. of sodium hydroxide, and 100 ml. of 95%
ethanol were refluxed for 12 hr., the solvent was removed
and the residue was dissolved in 100 ml. of water. Upon care-
ful neutralization of the solution with 10% hydrochloric acid,
the product precipitated.

Ethyl a-cyclohexyl-/}-aminopropionale. Ethyl cyclohexyl-
cyanoacetatell (19.5 g.), dissolved in 150 ml. of acetic acid,
was hydrogenated for 4 hr. in the presence cf 5 ml. of con-
centrated sulfuric acid and 0.2 g. of platinum oxide under an
initial pressure of 50 pounds. After removal of the solvent
from the filtered mixture, the residue was dissolved in water,
the solution was made alkaline and extracted with ether.
The ether was removed from the dried extract and the residue
was distilled; b.p. 76-77° (0.3 mm.); yield 17 5 g. (90%).

Anal. Calcd. for C,HION: C, 66.29; H, 10.62; N, 7.02.
Found: C, 66.23; H, 10.57; N, 7.00.

The hydrochloride was prepared with ethereal hydrogen
chloride; m.p. 143-145° after recrystallizarion from iso-
propyl alcohol.

Anal. Calcd. for CnH20NCI: N, 5.94; Cl, 15.04. Found:
N, 6.02; Cl, 15.26.

Ethyl cL-cyclohexyl-@-(benzylamino)propionate. Ethyl <<
cvclohexyl-jS-aminopropionate (19.9 g.) was benzylated with
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6.3 g. of benzyl chloride in the manner described above;
b.p. 143-145° (0.2 mm.); yield 10.0 g. (70%).

Anal. Calcd. for CiH202N: C, 74.70; H, 9.40. Found:
C, 74.71; H, 9.44.

The hydrochloride was obtained by the use of ethereal
hydrogen chloride; m.p. 171-173°.

Anal. Calcd. for CuHntbNCI: C, 66.33; H, 8.66; Cl,
10.88. Found: C, 66.23; H, 8.66; Cl, 11.08.

a-Cyclohexyl-5-(benzylamino)propionic acid (compound 23,
Table ). This acid was prepared in the same manner as the
corresponding /3-cyclohexyl compound from ethyl a-eyclo-
hexyl-/5-(benzylamino)propionate.

Hydrochlorides of 8-amino acids (Table 1). These com-
pounds were obtained by dissolving the amino acid in 10%
hydrochloric acid and evaporation of the solution to dryness.
The salts were then recrystallized from a suitable solvent.

2-Azetidinones (Table 111). Method A. The interaction of
the methyl, ethyl, isopropyl, and benzyl esters of a-phen.vl-
/3-(benzylamino)propionic acid with méthylmagnésium io-
dide and ethylmagnesium bromide, respectively, was studied.
In some experiments, the molar ratio of the ester and Gri-
gnard reagent was 1:1, in others 1:2. The best yield of 1-
benzyl-3-phenyl-2-azetidinone was obtained in the manner
described below.

I-Benzyl-3-phenyl-2-azetidinone (compound 8). A solution
of ethylmagnesium bromide (approximately 0.06 mole),
prepared from 1.5 g. of magnesium, 8 ml. of ethyl bromide
and 150 ml. of ether, was added, dropwise, to 8.9 g. (0.03
mole) of isopropyl a-pheny]-/3-(benzy]amino)propionate in
100 ml. of ether. After about one half of the Grignard reagent
had been added, the white precipitate turned into a grey
ball. The mixture was stirred for 2 hr. at room temperature.
Aqueous 10% ammonium chloride (100 ml.) was added
and the material was stirred until the two layers became
clear. The aqueous layer was separated and extracted with
ether. The combined ether solutions were dried and the sol-
vent was removed. The semisolid residue was placed on a
porous plate; 1.8 g. of crystalline material was obtained.

S-Phenyl-2-azetidinone (compound 2). Ethyl a-phenyl-/3-
aminopropionate (0.05 mole), prepared from the ester hydro-
chloride, was allowed to react with approximately 0.15 mole
of ethylmagnesium bromide in the manner described above.

We were unable to obtain I,3-diphenvl-2-azetidinone from
methyl a-pheny]-/3-anilinopropionate and ethylmagnesium
bromide.

Method B. The required /3-amino acid (compound 6, 10,
12, or 14, Table 1) (0.02 mole) was treated with 10 ml. of pure
thionyl chloride. The acid chloride hydrochloride obtained
was suspended in 250 ml. of ether and the suspension was
added slowiy from a large-bore dropping funnel to a stirred
solution of approximately 4.0 g. (0.1 mole) of diazomethane,
prepared from 28.4 g. of A”-methyl-.V-nitroso-p-toluenesul-
fonamide,Din 500 ml. of ether which w-as cooled in an ice-
salt bath. The mixture was stirred for 1hr. and then allowed
to remain at room temperature for 12 hr. The solution was
filtered and the ether and excess diazomethane w-ere removed.
The residue was either recrystallized or distilled.

Method C. The acid chloride hydrochloride obtained from
0.05 mole of the required acid (compound 2, 4, 6, 9, 10, 12,
14, 16, 17, 18, 20, 22, 23, or 25, Table I) and 25 ml. of pure
thionyl chloride w'as suspended in 250 ml. of dry benzene and
the suspension was added slowly through a w-ide-bore drop-
ping funnel to a refluxing solution of 18.2 g. (0.15 mole) of
dry dimethylaniline dissolved in 250 ml. of benzene. The
mixture was refluxed for 4 hr., cooled and extracted thor-
oughly with water. The unreacted dimethylaniline was then
extracted with 10% hydrochloric acid. After the benzene
layer had been extracted with water again, it was dried over
magnesium sulfate, the solvent was removed, and the resi-
due was distilled or recrystallized.

Method D. I-benzyl-2-azetidinone (compound 1). iV-Benzyl-
/3-bromopropionamide® (24.2 g., 0.1 mole) was added, in
small amounts, to a stirred mixture of 3.0 g. (0.12 mole) of
sodium hydride and 150 ml. of dry toluene. The mixture was
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refluxed for 12 hr., cooled, and 150 ml. of water was added.
The mixture was stirred until both layers became clear, the
aqueous layer was separated and extracted with 100 ml. of
toluene. The combined toluene solutions were dried over
magnesium sulfate, the solvent was removed, and the resi-
due was distilled.

Method E. By the use of a described method,2Bproducts
were obtained from the interaction of benzylidenebenzyl-
amine and ethyl a-bromopropionate (compound 18) or
ethyl ff-bromoisobutyrate (compound 19); from benzylidene-
methylamine and ethyl bromoacetate (compound 12) or
ethyl cf-bromopropionate (compound 17); from benzylidene-
aniline and ethyl a-bromophenylacetate (compound 16).

2-Phenyl-8-(benzylamino)propanol. (a) 1-Benzyl-3-phenyl-
2-azetidinone (1.2 g., 0.005 mole), dissolved in 50 ml. of ether,
was added, dropwise, to a stirred suspension of 0.19 g.
(0.01 mole) of lithium aluminum hydride in 30 ml. of ether,
and the mixture was refluxed for 24 hr. Water (0.5 ml.)
was added to the cooled mixture and it was stirred for 4 hr.,
filtered, the filtrate was dried with magnesium sulfate and
the solvent was removed. The residue was recrystallized

(24) H. Gilman and M. Speeter, J. Am. Chem. Soc., 65,
2255 (1943).
(25) Ref. 22, m.p. 64°.
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from ether-petroleum ether (30-40°); m.p. 52-54026: yield
0.9 g. (75%).

Anal. Calcd. for CieHmON: C, 79.64; H, 7.93. Found: C,
79.52; H, 7.79.

The hydrochloride, prepared by the use of ethereal hydro-
gen chloride, melted at 131-133(% after recrystallization
from 2-butanone.

Anal. Calcd. for CiGHZONCL C, 69.18; H, 7.26; ClI,
12.76. Found: C, 69.23; H, 7.13; Cl, 12.65.

(6) Ethyl a-phenyl-/3-(benzylamino)propionate (27.4 g.),

dissolved in 200 ml. of ether, was added, dropwise, to a
stirred suspension of 2.3 g. of lithium aluminum hydride in
300 ml. of ether. The mixture was stirred for 3 days at room
temperature; 6 ml. of water was added, dropwise, and the
stirring was continued for 24 hr. The mixture was filtered,
the filtrate was dried, and the solvent was removed. The
oily residue, after it had crystallized, was recrystallized from
ether-petroleum ether (30-40°); m.p. and mixed m.p.
52-54°; yield 21.8 g. (94%). The hydrochloride melted at
132-133° after recrystallization from 2-butanone.

Ann Arbor, Mich.

(26) Ref. 22, m.p. 135-136°.

[Contribution prom the R. B. Wetherill Laboratory op Chemistry, Purdue University]
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The reactions of alkyl isocvanides with ozone have been shown to give exclusively the corresponding isocyanates. The
formation of the isocyanates varied from 7-73%, based upon the conversion of the isocyanates with ammonia to the urea.
It appears that increasing concentrations of ozone will result in excellent yields of isocyanates.

The reactions of isocyanides have been studied
since their discovery in 1867.34T he only reference in
which the oxidation of isocvanides has been investi-
gated dates back to the work of Gautier who found
that methyl isocyanide and ethyl isocyanide were
oxidized by mercuric oxide6; he obtained a complex
mixture from which he was able to isolate a small
amount of isocyanate.

The purpose of this research was to study the
course and the products of the oxidation of iso-
cyanides. Ozone was chosen because it was thought
best to employ a very strong oxidizing agent which
would also make the separation of products, re-
actants and starting material fairly easy.

The first i.socyanide to be ozonized was isopro-
pyl isocyanide. The materials obtained upon distil-
lation of the reaction mixture were isopropyl
isocyanate (identified as the diisopropylurea), un-
reacted isocyanide, and some residual tars. It be-
came apparent after two preliminary runs that
much of the isopropyl isocyanide was being lost

(1) Abstracted in part from the Ph.D. thesis of Harry
Rubinstein, (February 1958).

(2) Purdue Research Foundation Fellow, 1956-58.

(3) A W. Hofman, Compt. rend., 65, 484 (1867).

(4) A. Gautier, Ann. Chim. (Paris) (4), 17, 228 (1869).

(5) A Gautier, Ann., 149, 313 (1869).

through entrainment (i.e., evaporation), and that
the separation of the isocyanate from any unreacted
isocyanide by distillation was unfeasible because
extensive tar formation took place during the distil-
lation.

To avoid these losses, the reaction vessel was
provided with a Dry Ice condenser, and the iso-
cyanate was derivatized. It is well known that iso-
cyanates react with amines to give excellent yields
of the urea.37 Thus, in all the ozonolysis experi-
ments, the isocyanate was reacted with ammonia
and the yield of isocyanate was based upon the
amount of urea formed. As a check upon the valid-
ity of this method, hexyl isocyanate, prepared by
the phosgénation of hexylamine hydrochloride, was
reacted with ammonia to give the urea. This was
found to proceed in yields of 95-97% in each of
four determinations.

The reaction of ethyl, isopropyl, m-butyl, n-
hexyl, and n-octyl isocyanides with ozone was
studied and the results are shown in Table I.

From the data in the table it may be noted that

(6) W. Siefken, Ann., 562, 99 (1949).

(7) Houber.-Weyl, Methoden Der Organischen Chemie,
Georg Thieme Verlag, Stuttgart, Germany (1952) Volume
8, p. 157.
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TABLE |
Reaction of Various |Isocyanides with Ozone
Iso-
cyanide Iso-
Lost by  cyanide
Re- Approx. Iso- Entrain-  Unre- Iso-
action Vol. Amt. of 03 cyanate,0 ment, acted, cyanate,
. B.P., Time, of 02 Produced, % Con- Moles Moles %
Isocyanide °C. Mole Hr. L. Mole version X 10-3 x 10-3 Yield
Ethyl4 77 0.105 10 84.0 0.10 7.1 4.84 91 83
Isopropyl'# 85-87 0.143 14 1745 0.14 34 - - -
n-Butyl' 123-124.5 0.127 13 152.7 0.13 37 - - -
ra-Hexy!' 168-169 0.121 15 199.0 0.15 55 5.05 40 88
n-Octyl' 89-91/12 mm. 0.081 25 272 0.25 73.5 5.90 3.2 82

“ Based on the formation of the urea. 4Reaction temperature 0°. '

solvent.

the higher molecular weight isocyanides gave
conversions to the isocyanates than the lower ones.
This seems to be due primarily to the volatility of
the isocyanides and isocyanates involved. For ex-
ample, when ethyl isocyanide was ozonized at 25°,
the loss through entrainment (despite the use of
the Dry Ice condenser and a Dry Ice trap), was so
large that the reaction had to be carried out at 0°.
Even then the loss was appreciable and the flow of
oxygen and the reaction time had to be decreased.
These factors and the lower reaction temperature,
account for the low conversion in the case of ethyl
isocyanide.

In order to establish that isocyanates were the
only products in the ozonolysis of isocyanides, the
ozonolysis mixture of octyl isocyanide was reacted
with ammonia. The filtrate from this reaction mix-
ture gave on distillation only unreacted isocyanide,
without significant tar formation. When, however,
the crude ozonolysis product was distilled, tar
formation took place. This very likely was caused
by decomposition or polymerization of the iso-
cyanate present.

It is apparent, therefore, that the reactions of
isocyanides with ozone are potentially capable of
giving excellent yields of isocyanates. In order to
achieve this, it would be necessary to produce
higher concentrations of ozone, thereby decreasing
the over-all reaction time. This is especially de-
sirable in the case of the lower boiling isocyanides.

EXPERIMENTAL

Preparation of isocyanides. Ethyl isocyanide. Ethyl iso-
cvanide was prepared according to the procedure of H. L.
Jackson and B. C. McKusick8in 75% vyields, b.p. 77° (lit.
val., 78°).

All other isocyanides were prepared by minor modification
of a published procedure.9

Isopropyl isocyanide. Isopropyl isocyanide was prepared
in a yield of 71%, b.p. 85-87° (lit. val., 87°).C

n-Butyl isocyanide. In the preparation of »-butyl isocy-

(8) Org. Syntheses, 35, 62 (1955).
(9) Reference (7), p. 135.
(10) A. Gautier, Ann., 149, 155 (1869).

Reaction temperature 25°. dIn ethylene chloride as

anide the reaction mixture was heated to 120-140° for 2 hr.
and the oil layer formed was separated by decanting it from
the frozen water layer. Yield 84%, b.p. 123-124.5° (lit.
val., 11 124-125°).

n-Hexyl isocyanide. In the synthesis of n-hexyl isocyanide
the reaction mixture was heated at 115-120° for only 1 hr.
and after distillation a 63% yield was obtained, b.p. 168-
169°.

Anal. Calcd. for CH13X: C, 75.6; H, 11.7; N, 12.6. Found:
C, 75.32; H, 12.00; N, 12.50.

n-Octyl isocyanide. This compound was prepared in exactly
the same manner as the hexyl isocyanide affording an 89%
yield of liquid, b.p. 89-91°/12 mm.

Anal. Calcd. for CHI7ZX: C, 77.63; H, 12.2; X, 10.05.
Found: C, 77.48; H, 12.45; X, 10.06.

Octyl isocyanate. Except for variations in reaction time
and amount of ozone produced (cf. Table 1) this preparation
is typical of the procedure employed.

The ozonizer used was that proposed by Henne and
Perilstein, 22 except that the reaction cell was provided with
a Dry Ice condenser.

n-Octyl isocyanide (11.3 g., 0.08 moles) was placed into
the reaction cell and treated with ozonized oxygen at 25°.
This was done on two successive days using 272 1 of oxygen
(approx. 0.25 mole of ozone) in 25 hr. The reaction cell was
stored in Dry Ice between the runs. At the end of 25 hr.
the system was flushed with oxygen and the product weighed.
Atotal of 9.15 g. of liquid was obtained and this was treated
with excess ammonia gas at Dry Ice temperature. The

TABLE I

Urea Derivatives Prepared from lsocyanates

M.P.,
Urea Recrystallized °C.

Isopropyl13“ Ethyl acetate 154

n-Buty| 11 Benzene 96

n-Hexyl®6 Benzene 108-110

n-Octyl Benzene 100-101

0Was prepared by the addition of concentrated am-
monium hydroxide to the ozonolysis reaction mixture.

(11) T. L. Davis, J. Am. Chem. Soc.; 59, 1998 (19371.

(12) A L. Henne and W. L. Perilstein, J. Am. Chem. Soc.,
65, 2183 (1943).

(13) C. H. Maugin, Ann. de Chemie, 8E, 22, 321 (1911).

(14) T. L. Davis and K. C. Blanchard, J. Am. Chem. Soc.,
51,1797 (1929).

(15) C. Norstedt and H. A Wahlforss, Ber., 25, 637c.
(1892).



AUGUST 1958

excess ammonia was then allowed to escape, with intermit-
tent stirring, and the resulting solid was filtered and dried
in vacuo for 24 hr. This procedure gave 8.25 g. (60%) of a
slightly brown material which was recrystallized three times
from benzene to give n-octylurea, m.p. 100- 101°.

Anal. Calcd. for CHZN20: C, 62.70; H, 11.62; N, 16.27.
Found: C, 62.47; H, 11.62; N, 16.29.

The ureas ‘which were prepared from the isocyanates,
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resulting from the ozonolysis of the various isocyanides

are listed in Table II.
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The action of ethoxide, hydroxide, and cyanide ions on a number of I-alkyl-3-substituted pyridinium salts has been
studied and interpreted. Evidence for the formation of pseudo bases and, in one case, the dimolecular ether of a hydroxy

pseudo base has been obtained.

Among the properties of di- and triphosphopyri-
dine nucleotides (DPN and TPN) which have been
attributed to the nicotinamide portion of the
molecule is the reaction with nucleophilic species to
give a change in the ultraviolet absorption similar
to that observed on reduction to the dihydro com-
pounds. This behavior was first noted with cyanide
and bisulfite by Meyerhof et aid More recently the
reaction with cyanide has been studied in some
detail with the coenzymes and also with model
compounds including a number of 3-substituted
1-methylpyridinium iodides.4 From deuterium
exchange experiments San Pietro6 concluded that
the reaction involved the addition of cyanide to
the 4-position of DPN to form a pseudo cyanide.
Recently a stable, crystalline cyanide addition
product (Il) has been isolated from IL® Also the
spectral changes observed with the model com-
pounds4seem to correspond best to 4-cyano deriva-

(1) From the Ph.D. thesis of Gerald Berkelhammer.

(2) Supported in part by a research grant (No. RG-3844)
from the National Institutes of Health, Public Health
Service.

(3) O. Meyerhof, P. Ohlmeyer, and W. Mohle, Biochem.
Z., 279, 113 (1938).

(4) 3. P. Colowick, N. O. Kaplan, and M. M. Ciotti,
J. Bid. Chem., 191, 447 (1951); M. R. Lamborg, R. M.
Burton, and N. O. Kaplan, J. Am. Chem. Soc., 79, 6173
(1957). The latter paper appeared after the completion of
the present work.

(5) A. San Pietro, J. Biol. Chem., 217, 579 (1955).

(6) M. Marti, M. Viscontini, and P. Karrer, Helv. Chim.
Acta, 39, 1451 (1956). This publication appeared after our
work had been completed.

tives. Other reactions which probably involve
addition of a nucleophilic group at the 4-position
are those with acetone,7 negatively substituted
methyl ketones,8and hydroxylamine.9

The transient existence of pseudo bases has long
been suspected in the formation of pyridones from
N-alkylpyridinium halidesDand in the reaction of
strong alkali with DPN,11 but there is very little
evidence in support of this hypothesis. 312

In connection with the preparation of a number
of Il-alkyl-3-substituted-1,4-dihydropyridines as
model compounds of DPNH,13it was observed that
the aqueous solution of the quaternary pyridinium
halide and sodium carbonate became yellow before
the introduction of the sodium dithionite. In the
case of one compound, I-benzyl-3-aeetylpyridinium
chloride, a yellow solid also precipitated. Accord-
ingly, the effect of base on the absorption spectra
of ethanolic solutions of the substituted pyridinium
halides was qualitatively measured and it was found
that a similar spectral change occurred for all of the
model compounds (Table 1). Each of these had a
substituent attached via a carbonyl group to the
3-position. The spectrum of a compound having no
such group, 1-benzylpyridinium chloride, was es-
sentially the same in neutral, basic, and acidic
solutions.

(7) J. W. Huff, J. Biol. Chem., 167, 151 (1947).

(8) R. M. Burton and N. O. Kaplan, J. Biol. Chem,,
206, 283 (1954).

(9) R. M. Burton and N. O. Kaplan, J. Biol. Chem., 211,
447 (1954).

(10) H. S. Mosher, Heterocyclic Compounds, edited by R.
C. Elderfield, Voi. I, John Wiley and Sons, Inc., New York,
N. Y., 1950, p. 415.

(11) N. O. Kaplan, S. P. Colowick, and C. C. Barnes,
J. Biol. Chem., 191, 461 (1951).

(12) E. M. Kosower, J. Am. Chem. Soc., 77, 3883 (1955).

(13) A. G. Anderson and G. Berkelhammer, J. Am. Chem.
Soc., 80, 992 (1958).
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Base-Induced Changes in the Ultraviolet Spectra of
Model Compounds of DPN in 95% E thanol

Anax (M/1)
~max (MVX) in Basic
Compound in Ethanol Ethanol3
I-Benzyl-3-carbamoylpyri- 266 259, 318
dinium chloride
I-n-Propyl-3-carbamoyl- 266 259, 315
pyridinium bromide
I-Benzyl-3-carbomethoxy- 264 258, 316s
pyridinium chloride
I-Benzyl-3-acetylpyri- 264 271, 323
dinium chloride
I-Benzyl-3-(A-phenylcar- End absorp- 260-275, 325
bamoyl)pyridinium chlo- tion
ride
1-Benzylpyridinium chlo- 259 259
ride

30ne drop (about 0.04 ml.) of 3N aqueous sodium
hydroxide added to the ethanolic solution of the compound
in a 1-cm. Cary cell. s These peaks were unstable and
eventually disappeared, leaving the 264 maxima found
in neutral solution. This behavior probably is due to hydrol-
ysis to the zwitter ion, which is not attacked by base to
an observable extent.

A reasonable explanation of the spectral changes
found is the addition of a basic species (e.g., eth-
oxide ion) to the ring in a reversible process. If so,
the band at the shorter wave length ica. 260 mu)
would be the (displaced) absorption of the pyri-
dinium ion. Also, increasing the basicity of the solu-
tion would be expected to increase the ratio of the
intensity ofthe long wave length peak (314-325 m/i)
to that of the short wave length peak. This was
found to occur. Similar spectral changes were ob-
served with I-benzyl-3-carbamoylpyridinium chlo-
ride and I-benzyl-3-acetylpyridinium chloride in
water, although the solutions had to be consider-
ably more basic to give ratios of intensities com-
parable in magnitude to those obtained in ethanol.
This is in keeping with the postidated equilibrium
since the higher dielectric constant of water would
cause a displacement in favor of the more ionic
species (substituted pyridinium hydroxide) rather
than the covalently bonded pseudo base.

It was noted that the long wave length absorp-
tion bands v-ere 35-48 mp shorter than those of the
corresponding 1,4-dihydro compounds. This was
in contrast to the results cited above for products
obtained with other anions and suggested that the
addition of the ethoxide or hydroxide ion did not
take place at the 4-position. Of the two other
likely possibilities (2 and 6), the 6-position was
judged the more probable (IIl) since addition at
position 2 would result in a chromophore having a
nitrogen atom conjugated through two double
bonds to a carbonyl (IV) and this would be ex-
pected4 to absorb at considerably longer wave
lengths than those observed. It is possible that with

(14) K. Bowden, E. A. Braude, E. It. H. Jones, and B.

Weedon, J. Chem. Soc., 45 (1946).

ANDERSON AND BERKELHAMMER

vol. 23

other substituted pyridinium salts, including those
with different substituents in the 3-position, addi-
tion may occur predominantly, or even solely, at
the 2-position. This wmuld account for the formation

Ex

rather than
R
1] \V)

of different a-pyridones as the main products from,
for example, the ferricyanide oxidation of the
quaternary salts of nicotinic acid and nicotin-
amide.0% The selection of the 6-position in the
present case is in opposition to the postulated
formation (on the basis of the wave length of
absorption) of a pseudo base of DPN by reaction
atthe 4-position. 1l

The finding that the spectrum of 1-benzylpyri-
dinium chloride was unchanged in basic ethanol or
in 3N aqueous sodium hydroxide is in agreement
with the conductivity studies of Hantzsch and
Kalb¥who found no evidence of pseudo base for-
mation by quaternary pyridinium salts. Thus ap-
parently the presence of a substituent capable of
imparting resonance .stabilization to the pseudo
base by .conjugation with the ring nitrogen causes
a significant increase in the stability of the product
relative to that of the quaternary salt.

When the yellow solid obtained from the action
of sodium hydroxide on I-benzyl-3-acetylpyri-
dinium chloride (V) in aqueous solution was treated
with acid, Y was recovered in quantitative yield.
This result was that expected from a pseudo base
and efforts were made to characterize the com-
pound. The material was stable in a refrigerator
but darkened at room temperature. It could not
be crystallized or otherwise further purified.
Elementary analysis showed, however, that it was
most probably not the pseudo base but rather a
dimolecular ether of it, possibly VI. Precedent for
this structure is found in analogous derivatives of

Y
R

0
Il
c- ch3

ch2—c,h6 ch2 cbh
V

M

other nitrogen heterocyclesl8T and in the product
of the reaction of the tropylium cation with base.B

(15) W. Holman and C. Wiegand, Biochem. J., 43, 423
(1948); H. Bradlow and C. Vanderwerf, J. Org. Chem., 16,
73 (1951); J. W. Huff, J. Biol. Chem., 171, 639 (1947).

(16) A. Hantzsch and M. Kalb, Ber., 32, 3109 (1899).

(17) J. G. Aston and P. Lasselle, J. Am. Chem. Soc., 56,
426 (1934); W. La Coste, Ber., 15, 186 (1882); J. G. Aston,
J. Am.. Chem. Soc., 53, 1448 (1931).

(18) W. E. Doering and L. H. Knox, J. Am. Chem. Soc.,
76, 3203 (1954).
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To our knowledge no other example in the pyridine
series has been reported.

Just as the addition of ethoxide or hydroxide ion
to form the pseudo base was postulated from the
position of the ultraviolet absorption maximum to
take place at the 6-position, the absorption of the
ether at 278 and 351 rny (dioxane)9suggested the
2-position for the attachment of the ether bridge.
A second possibility would be that the rings are
joined through the oxygen at the 4-positions. This
might also account for the band at 351 rnfi, though
I-benzyl-3-acetyl-1,4-dihydropyridine is known to
absorb at 371 my in ethanol.13The peak at 278 my
is less easy to explain. It seems unlikely that this
represents pyridinium ion since the latter would be
expected to absorb nearer to 270 my and, in addi-
tion, ionization would not be particularly favored
in dioxane. When the dimolecular ether was dis-
solved in ethanol the initial absorption at 270 and
362 my was rapidly replaced by the maxima of the
ethoxide addition compound (323 my) and the
pyridinium alcohélate (270 mu), the intensity of
which increased with time. The formation of the
latter products can be readily explained from either
VI or the 4-isomer by displacement via nucleophilic
attack at the 6-position. Whether the initial ab-
sorption at 270 my in ethanol represents some im-
mediate ionization of the ether or corresponds to
the peak at 278 my in dioxane (if this is not caused
by ionization) is not known. Treatment of the
dimolecular ether with acid regenerated the
original pyridinium salt.

The reaction with cyanide ion was also investi-
gated and found to alter the spectra of aqueous
solutions of the model compounds. In particular,
treatment of a dilute solution of I-benzyl-3-acetyl-
pyridinium chloride (V) with a small amount of
sodium cyanide resulted in the gradual disappear-
ance of the absorption at 265 my and concurrent
growth of a peak at 355 my. Acidification of the
solution caused the loss of the maximum at 355 my
and the appearance of a new peak at 298 my2d
along with increased intensity at 270 my. When
excess cyanide ion was then introduced, the 298 my
peak was unchanged, some increase in absorption
occurred at 355 my and the intensity at 270 my

CN n
-c- ch3 i .
.cnp i© Primary Acid
Reaction Prod-
"h® uct
ch2 ctb
VII

(19) These maxima correspond closely to those of a prod-
uct obtained from the x-ray induced reduction of 1-methyl-
3-carbamoylpyridinium iodide by G. Stein and G. Stiassny,
Nature, 176, 734 (1955) which was thought to be the 1,2-
or 1,6-dihydro compound.

(20) This behavior is very similar to that associated with
the so-called primary acid reaction on the 1,4-dihydro
forms of the model compounds.13
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decreased. These results are consistent with the
formation of V11 and the conversion of this by acid
both back to V and to the product of the “primary
acid reaction.” VII was isolated as a relatively
stable crystalline material which showed, in ethanol,
a single absorption maximum at 351 my. Thus
the compound is essentially completely covalent
whereas the corresponding product (I1) obtained
by Karrer6apparently is partially ionized in ethanol
since it displayed a peak at 265 my (as well as at
340 my) which tvas absent in dioxane solution.
Explanation for this difference is afforded by the
stronger electron-withdrawing resonance interaction
with the ring unsaturation of the acetyl group as
compared with the carbamoyl group.

Observations of the action of base on aqueous
solutions of I-benzyl-3-carbamoylpyridinium chlo-
ride (VIII) at room temperature indicated hydroly-
sisofthe amide group. The odor of ammonia was evi-
dent soon after addition of the base and, after two
hours, a ca. 40% vyield of zwitter ion (1X), charac-
terized by comparison with a sample prepared by
quaternization of nicotinic acid, was isolated.
After a reaction period of only 10 min. a 15% vyield
of IX was realized. Extraction of the reaction mix-
ture after three minutes gave only a yellow-brown
resinous product (30-40%) which showed absorp-
tion at 262 and 350 my and thus may have arisen
from attack on the ring. Its nature discouraged
further investigation.

o

N
le
CH2—ct5 ch2—cth5
VI IX

EXPERIMENTALZ21-22

Pyridinium salts. .I-Benzyl-3-carbamoylpyridinium chlo-
ride, I-ra-propyl-3-carbamoylpyridinium bromide, 1-benzyl-
3-carbomethoxypyridinium chloride, |-benzyl-3-acetylpyri-
dinium chloride, and I-benzyl-3-()V-ethyl-iV-phenylcarba-
moyl)-pyridinium chloride were prepared from the cor-
responding 3-substituted pyridines and benzyl or n-propyl
halides as previously described.13

Dimolecular pseudo base ether from 1-benzylS-acetyl-
pyridinium chloride. To a solution of 1.24 g. (5 mmoles)
of I-benzyl-3-acetylpyridinium chloride in 200 ml. of water
was added 50 ml. of 0.21V sodium hydroxide. After 45 min.
the lemon yellow solid which had precipitated was collected
in a sintered glass funnel, washed four times with 5-ml. por-
tions of water, and placed while still wet over phosphorus
pentoxide in a desiccator under vacuum and in a refrigerator.
The solid came to constant weight (1.02 g., 93%) in 6 hr.
It sintered at 74°, darkened and softened at 80-95° and
melted at 95-98°. A qualitative ultraviolet spectrum showed
maxima (nyi) at 277 and 346 (chloroform), and 278 and 350

(21) Melting points are corrected unless otherwise stated.
Boiling points are uncorrected. Elementary analyses were
performed by B. J. Nist and C. H. Ludwig.

(22) Ultraviolet spectra were determined with a Cary
Model 115 Recording Spectrophotometer and/or a Beckman
Model DU Spectrophotometer.
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(dioxan). An ethanol solution exhibited maxima at 270 and
362 nifi immediately after preparation but after a few
minutes the peaks were at 270 and 323 mp and both in-
creased in intensity with time.

Anal. Calcd. for CEHH2ND 3 C, 76.35; H, 6.39; N, 6.36.
Found: C, 76.73; H, 6.20; N, 6.06.

I-Benzyl-3-acetylpyridinium chloride from the dimolecular
pseudo base ether. Hydrogen chloride was passed into a solu-
tion of the dimolecular pseudo base ether (229 mg., 0.52
mmole) in 20 ml. of methanol for one minute. Evaporation
of the solvent left a brown solid (235 mg., 91%) the infrared
spectrum of which was identical with that of 1-benzyl-
3-acet3dpyridinium chloride. Recrystallization from meth-
anol-ethyl acetate gave a 64% recovery of tan crystals
which melted at 183.5-184° alone and when mixed with an
authentic sample.

I-Benzyl-8-acetyl-4-cyano-1,4-dihydropyridine  (VII). A
solution of 3.25 g. (0.05 mole) of potassium cyanide in 10
ml. of water was added to a solution of 1.24 g. (0.005 mole)
of I-benzyl-3-acetylpyridinium chloride in 10 ml. of water.
There was an immediate separation of a yellow oil. The
supernatant solution was decanted from the oil and the
latter washed with water and taken up in 5 ml. of hot
ethanol. The yellow needles (0.87 g., 77%) which separated
from the cooled solution melted at 114-115.5° with decom-
position. An ethanol solution showed absorption at 351 mp
(e 9,500).
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Anal. Calcd. for CJT,ND: C, 75.60; H, 5.92. Found:
C, 75.61; H, 5.99.

1-Benzylpyridinium-S-carboxylale (1X). 1-Benzyl-3-carba-
moylpyridinium chloride (2.49 g., 0.01 mole) was dissolved
in 100 ml. of 0.1V carbonate-free sodium hydroxide. The
odor of ammonia was soon evident. After 2 hr. the solution
was extracted with three 50-ml. portions of chloroform and
then seven 50-ml. portions of 1-butanol. The combined
butanol extracts were washed -with 25 ml. of water, dried
over sodium sulfate, and concentrated to a volume of 20
ml. Addition of a large excess of ether precipitated an orange
solid (1.29 g., 60%). Purification by extraction with cold
chloroform, chromatography on acid-washed alumina with
methanol, treatment with Norit, and recrystallization from
ethanol-ethyl acetate gave 0.8 g. (37.5%) of IX as color-
less crystals, m.p. 183-184.5° dec.; Xral (ethanol) 264 m~.
Treatment of this product with hydrochloric acid gave 1-
benzyl-3-carboxypyridinium chloride, identical with a sample
prepared from benzyl chloride and nicotinic acid. Acidifica-
tion of the aqueous layer from the 1-butanol extraction with
hydrochloric acid, extraction with chloroform and then
1-butanol (two 60-ml. portions), and evaporation of the
butanol solution afforded 227 mg. of somewhat impure
I-benzyl-3-carboxypyridinium chloride.

Seattle 5, Wash.

[Contribution from the Rohm & Haas Co.]
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The reaction of substituted aminoacetonitriles with hydroxylamine hydrochloride gave, after neutralization, substi-
tuted aminoacetamidoximes. The reaction is interpreted to reflect activation of the nitrile group by the ammonium ion.
iV-Benzyl-I\VVr-cyanomethyl-JV,V-dimethylammonium chloride similarly gave a quaternary ammonium substituted acet-
amidoxime by reaction with free hydroxylamine. Aminonitriles derived from isobutyraldéhyde and from cyclohexanone
failed to give the reaction, and instead amine displacement reactions occurred. Tetrakis(cyanomethyl)ethylenediamine

gave the corresponding tetraldsamidoxime.

Other papers in this series have shown that a
nitrile group in a position near to an electron-with-
drawing substituent undergoes reaction with amines
with unusual ease.}:2The reactions to be described
illustrate how a proximate cation (substituted am-
monium group) favors the addition of hydroxyl-
amine to the nitrile function.

The usual conditions for the formation of amid-
oximes require treating the corresponding nitrile
with free hydroxylamine in aqueous alcoholic solu-
tion for an extended period of time. It is significant
that unusually rapid reactions have been reported
for succinonitrile,3 cyanogen,4 and tribromoaceto-
nitrile.5

(1) For the previous paper in this series, see P. L. de
Benneville, C. L. Levesque, L. J. Exner, and E. Hertz,
J. Org. Chem, 21, 1072 (1956).

(2) (a) L. J. Exner, M. J. Hurwitz, and P. L. de Benne-
ville, J. Am. Chem. Soc., 77, 1103 (1955); (b) M. J. Hur-
witz, L. J. Exner, and P. L. de Benneville, J. Am. Chem.
Soc., 77, 3251 (1955).

(3) F. Sembritzki, Ber., 22, 2958 (1899).

(4) E. Fischer, Ber., 22, 1930 (1899).

(5) W. Steinkopf and H. Griinupp, Ber., 41, 3571 (1908).

When, in this study, hydroxylamine was added
to substituted aminoacetonitriles, it was not neces-
sary, and not desirable, to free the hydroxylamine
from its hydrochloride by the addition of a base.
The reaction of the nitrile with hydroxylamine hy-
drochloride proceeded rapidly with evolution of heat
to give the hydrochloride of the corresponding
aminoacetamidoxime. The addition of sodium car-
bonate in equivalent amount then freed the amidox-
ime for isolation. The data for a number of amino-
acetamidoximes are given in Table I.

The aminonitrile is believed to take part in the
reaction in its ammonium form, by equilibration
with the hydroxylamine hydrochloride. The pro-
vision in this way of a highly electron-withdrawing
substituent then activates the nitrile group. This
substituent could also be provided in the form of a
quaternary ammonium ion, in which case it would
be necessary to add base to free the hydroxylamine
for reaction. N-Benzyl-iV,iV-dimethyl-W-cyano-
methylammonium chloride was prepared, and to it
was added an equivalent amount of hydroxylamine
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TABLE |
Substituted Aminoacetamidoximes
NOH
R>RINCH2ZC
\-NH,
M.P., Yield, Empirical %C % H % N

R1 R2 °C. % Formula Caled. Found Caled. Found Caled. Found
CHs ch3 112-114 22 chund 41.0 415 9.4 9.7 35.9 35.9
chb6 chb 79-80" 51 cthnd 49.6 49.6 10.3 10.4 29.0 29.2
Morpholine 152-1534 52 cth Ih o2 45.3 45.4 8.2 8.1 26.4 26.4
71-CH9 H 84-85¢ 64 chhd 49.6 49.4 10.3 10.4 29.0 28.7
i-CaHr/2 H 95-96 72 chhZzhd 59.7 59.5 114 11.6 20.9 20.6
CH,e H 146-148* 71 cth,nd 56.1 56.3 9.9 9.8 24.5 24.3

0 Recrystallized from water. 4 Recrystallized from isopropyl alcohol. ¢ Recrystallized from ethyl acetate. i (-CHi7 is

1,1,3,3-tetramethylbutyl. e CisHii is cyclohexyl.

hydrochloride. No reaction took place. An equiva-
lent amount of sodium carbonate solution was then
slowly added, and before the addition was half over,
heat was evolved, and the corresponding amidoxime
was ultimately isolated. The general reaction is
therefore probably best formulated:

/.NOH
RN+CHZTN + NHDH — > RN+CHX f
H(R) H(R)  xNH2

Infrared spectra were obtained on a Perkin-Elmer
Spectrophotometer, Model 21. Common peaks in
the spectra determined in KBr dispersion (cct. 5%
of the compound) for AT-n-butyl- and N,N-di-
methylaminoacetamidoxime, for acetamidoxime6
itself, and for Al-benzyl-Al,M-dimethylammonium
acetamidoxime chloride are given in Table Il. The
same peaks (except where Nujol interferes) were
present in Nujol mulls of these compounds, and of

2V-(1,1,3,3-tetramethylbutyl)- and ./V-cyclohexyl-
aminoacetamidoxime.
TABLE 11
.NOH
Infrared Peaks (cm.“1) Common to X—CHZXCA
xNH2
X =
r-CHNH  (CH3N CEHECHN(CHs)2 h
3436 3401 3396 3484
3247 3247 3300 3356
3086 3106 (b) 3115 3106 (b)
2882 2907 (s) 2905 (s) 2924 (s)
2778 (b) 2778 (b) 2778 (m) 2762
1661 1664 1661 1661
1610 (m) 1618 1603 (m) 1590
1499 (w) 1499 (m) 1479 (m) Absent
1451 (m) 1451 1449 (m) 1414 (m)
1387 (m) 1404 1389 (m) 1399
1340 (w) 1340 (m) /1355 (w) 1366
(1342 (w)
995 (W) 992 999 (W) Absent

(b) = broad; (s) = shoulder; (m) = medium; (w) = weak
Strong absorption was present in the whole range
from 3450 to 2780 cm.-1 Medium, fairly sharp peaks

(6)
2746 (1884).

were obtained for the quaternary salt and for un-
substituted acetamidoxime at 2778 and 2762 cm.-1,
and a sharp drop in absorption followed to the base
line at about 2600 cm.-1 On the other hand, the
two amino compounds gave strong, broad bands at
2778 cm.-1, and a slow regular drop in absorption
followed to the base line at about 2300 cm.-1 These
absorption characteristics are interpreted as reflect-
ing inter- and intramolecular bonding.7

Absorptions at 1661-1664 cm.-1for C=N, and at
1590-1618 cm.-1 for NH2 were at the expected
locations for these functional groups. Bonded NH
and OH gave three peaks at slightly different lo-
cations for all four compounds in the 3100-3500
region.

a-Aminonitriles derived from isobutyraldéhyde
and from cyclohexanone did not give the same re-
action. Instead, amine displacement reactions oc-
curred.8 When 1-dimethylaminocyclohexanecar-
bonitrile was heated in aqueous alcohol with hy-
droxylamine hydrochloride, 1-hydroxaminocyclo-
hexanecarbonitrile was produced in significant
amounts :

N(CH,)S
+ -
(_ Xen NH20H-HCl

NHOH
+ (CH32NH-HCL

Hydrogen cyanide was also evolved, probably owing
to reversion of the aminonitriles in the presence of

(7) The 2778 cm.“1 peak is the most characteristic ele-
ment of these spectra, but its assignment is quite con-
jectural. The broader absorption from 2800 to 2300 cm.“1
in the amino compounds may be caused by intra- and inter-
molecular bonding involving the free electron pair on the
amino-nitrogen atom and the amidoxime group. The quater-
nary salt with no free electrons resembles the unsubstituted
amidoxime in lacking this.

(8) The particular carbonyl derivatives were chosen for
ease of isolation. The results, which can probably be general-
ized for ketones and aldehydes other than formaldehyde,
indicate that the activation of the nitrile group may involve

Prepared by the method of E. Nordmann, Ber., 17,removal of a proton from the central active methylene

group as the first step of the reaction.
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water; in another experiment, carried out over a
long period of time, cyclohexanone oxime was the
major product isolated. The reaction of a-n-
butylaminoisovaleronitrile with hydroxylamine hy-
drochloride also evolved hydrogen cyanide, and
there was isolated only a small amount of an impure
crystalline solid.

The reaction can be carried out with more than
one cyanomethyl group on the nitrogen atom. Thus,
N,N,N',N " -tetrakis(cyanomethy])ethylenediamine
was converted to the tetrakis-amidoxime in good
yield by the same procedure.

EXPERIMENTAL

Starting materials. Dimethylaminoacetonitrile,9 cyclo-
hexylaminoacetonitrile, 1 and  1,1,3,3-tetramethylbutyl-
aminoacetonitrilell were prepared from commercial 50-70%
aqueous glycolonitrile and isolated as pure compounds.
Diethylaminoacetonitrile, A-cyanomethylmorpholine, and
ra-butylaminoacetonitrile were prepared from the cor-
responding amines and aqueous glycolonitrile, and were
used as the resulting aqueous solutions, as described herein.
AALA™MV-Tetrakis(cyanomethyl)  ethylenediamine2 was
prepared from ethylenediamine, formaldehyde, and hydro-
gen cyanide.

Substituted aminoacelamidoximes. The following pro-
cedures illustrate several isolation procedures, which depend
on the water solubility of the product, as well as the use of
a substituted aminoaeetonitrile prepared and used in
aqueous solution.

Dimethylaminoacelamidoxime. To a solution of dimethyl-
aminoacetonitrile (42 g., 0.5 mole) in ethanol (100 ml.)
was added over a period of 10 min. at room temperature a
solution of hydroxylamine hydrochloride (35 g., 0.5 mole)
in water (35 ml.). A slight exotherm resulted which was
allowed to dissipate. To the solution was then added solid
sodium carbonate (26.5 g., 0.25 mole) in portions, and the
mixture was stirred for 1 hr. The precipitated NaCl was
removed by filtration and the filtrate evaporated to a moist
solid. This was recrystallized from isopropyl alcohol to give
13 g. (22%), m.p. 107-112°, which was purified without
loss by another recrystallization. The product was water-
soluble.

1,1,S,3-Tetramethylbutylaininoacetamidoxim.e. To a solu-
tion of 1,1,3,3-tetramethylbutylaminoacetonkrile (83 g., 0.5
mole) in ethanol (150 ml.) was added a solution of hydroxyl-
amine hydrochloride (35 g., 0.5 mole) in water (150 ml.),
with ice water cooling. The mixture was stirred for 30 min.
after which cooling was removed. After about 1hr., the solu-
tion was clear, and a slight exotherm was still apparent.
When no more heat was evolved, there was added a solution
of sodium carbonate (26.5 g., 0.25 mole) in water (100 ml.).
The ethanol was removed in vacuo, and the reaction mixture
was filtered. The precipitate, m.p. 92-94°, amounted to
56.5 g., and a second crop of 16 g., m.p. 72-77°, was ob-
tained by further evaporation. Both crops, when recrystal-
lized from 1:1 methanol-water mixtures, melted at 92-94°.
The total, based on isolated crude, was 72.5 g. (72%).

Diethylaminoacetamidoxime. To a 70% aqueous glycolo-
nitrile solution (27 g., 0.33 mole) was added diethylamine
(24.3 g., 0.33 mole) with good cooling. After standing
overnight, the water layer was separated, and the rude

(9) D. B. Luten, Jr., J. Org. Chem., 3, 588 (1938).

(10) L. J. Exner, L. S. Luskin, and P. L. de Benneville,
J. Am. Chem. Soc., 75, 4841 (1953).

(11) L. S. Luskin, M. J. Culver, G. E. Gantert, W. E.
Craig, and R. S. Cook, J. Am. Chem. Soc., 78, 4042 (1956).

(12) 1. G. Farbenindustrie, A. G. French Patent 831,985;
Chem. Abstr., 33, 2913 (1939).
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aminonitrile (39 g.) was diluted with methanol (100 ml.).
The solution was added gradually with stirring to a solution
of hydroxylamine hydrochloride (23.3 g., 0.33 mole) in
water (75 ml.). Heat was evolved. The mixture was allowed
to stand overnight, and to it was added a solution of sodium
carbonate (17.7 g., 0.167 mole) in water. The solution was
evaporated in vacuo at room temperature until crystals
appeared. It was then cooled in ice water, and filtered to
give 24.7 g. (51%) melting at 79-80° after recrystallization
from water.

N-Benzyl-N,N-dimethylamnioniumacetamidoxime chloride.
A solution of dimethylaminoacetonitrile (21 g., 0.25 mole)
and benzyl chloride (31.7 g., 0.25 mole) in isopropyl alcohol
(50 ml.) was heated at reflux for 3 hr., at the end of which
time all of the chlorine was ionizable, by Volhard titration.
The solution was diluted with ethanol (100 ml.) and to it was
added a solution of hydroxylamine hydrochloride (17.5 g.,
0.25 mole) in water (50 ml.). No heat was evolved. A solu-
tion of sodium carbonate (13.3 g., 0.125 mole) in water (50
ml.) was slowly added, and heat was evolved when addition
was about one-half over. The remainder of the carbonate
solution was added and the mixture stirred for 2 hr. The
water and ethanol were removed at room temperature in
vacuo leaving a mixture of solid and oil which solidified
overnight. To it was added anhydrous ethyl acetate (300
ml.), and the solid was thoroughly triturated, and filtered
off. It was dried, taken up in methanol (200 ml.), and
filtered to remove sodium chloride. The filtrate was refriger-
ated overnight. The crystals which formed were filtered to
give 41.5 g. (59%) of the desired quaternary salt, which
contained 12.6% ionizable chlorine and corresponded in
analysis to a dihydrate. After drying in an Abderhalden
pistol, the anhydrous crystals melted at 176-178° with
decomposition.

Anal. Calcd. for C,,H,&NSC1: C, 54.2; H, 7.4; N, 17.2;
Cl, 14.6. Found: C, 54.0; H, 7.5; N, 17.0; ClI (ionizable)
14.3.

1-Dimethylaminocyclohexanecarbonilrile. To an aqueous
solution of dimethylamine (225 g. of 40% or 2 moles)
was added cyclohexanone (172 g., 1.75 moles) dropwise at
10-15°. There was then added, with cooling, liquid hydro-
gen cyanide (54 g., 2 moles). The mixture was stirred for 1
hr. The organic layer vras distilled through a 4-inch Vigreux
column to give 217 g. (82%) of product, b.p. 79-83°/3 mm.

Anal. Calcd. for CHieN2: N, 18.4. Found: N, 18.0.

Reaction of 1-dimethylaminocyclohexanecarbonilrile with
hydroxylamine hydrochloride. To a solution of the carbo-
nitrile (51 g., 0.33 mole) in ethanol (100 ml.) was added a
solution of hydroxylamine hydrochloride (25 g., 0.36 mole)
in water (100 ml.). No heat was evolved. The mixture was
stirred for 30 min., then heated at reflux for 20 min. HCN
was evolved. The mixture was cooled, and to it was added a
solution of sodium carbonate (19 g., 0.18 mole) in water (100
ml.). The ethanol was stripped in vacuo, the reaction mix-
ture was cooled to 0°, and filtered. The crystalline product,
30.5 g., m.p. 73-80°, was combined with 2 g. obtained by
further concentration, and the whole was recrystallized
from isopropyl alcohol (HCN evolved) to give 85 g. of
colorless solid, m.p. 133-135° Further recrystallization
of this from 80:20 isopropy! alcohol-water mixture improved
the melting point to 137.5-138°. This material analyzed
correctly for 1-hydroxaminocyclohexanecarbonitrile. Infra-
red spectrum (Nujol mull): Bonded NH and OH at 3240
(broad); —C=N at 2235 (weak); no absorption in 1500-
1700 region.

Anal. Calcd. for CHIN2: C, 60.0; H, 8.6; N, 20.0.
Found: C, 59.9; H, 8.6; N, 20.0.

In another experiment of approximately 20 hr. duration,
there was obtained from one mole of the carbonitrile, 104.5
g. of colorless solid, m.p. 87-89°, which -wes identified as
cyclohexanone oxime, m.p. 89-90°.13

(13) A Baeyer, Ann., 278, 102 (1894).
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orm-Butylaminoisovaleronitrile. To isobutyraldéhyde cyan-
ohydrin (198 g., 2 moles) was added n-butylamine (185
g., 2.5 moles) with cooling to maintain the temperature
at 25-30°. The mixture was stirred at room temperature
for 6 hr. Benzene (150 ml.) was added and the water layer
was separated and discarded. The benzene layer was dis-
tilled through a 4-inch Vigreux column, to give 235 g.
(77%), b.p. 85-9075 mm., n25 1.4358.

Anal. Calcd. for CHBEN2 N, 18.2; neutral equivalent
(nonaqueous), 154. Found: N, 17.7; neutral equivalent,
154.

Reaction of ccm-butylaminoisovaleronitrile with hydroxyl-
amine hydrochloride. To a suspension of hydroxylamine
hydrochloride (29 g., 0.42 mole) in methanol (150 ml.)
was added a-n-butylaminoisovaleronitrile (51 g., 0.33 mole)
dropwise. A slight exotherm developed, the solution became
clear, and HCN was evolved. After 2 hr., there was added
a solution of NaZC03 (22 g., 0.23 mole) in water (150 ml.).
Further dilution failed to give the expected precipitate.
The mixture was evaporated in vacuo to remove methanol,
and an oil separated. From this oil, after storing overnight,
fine needles precipitated, which were filtered off. The solid
(7 9.) was crystallized from 1:1 benzene-hexane mixture
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to give 1.8 g., m.p. 85°, whose analysis was fairly close to
that of the amidoxime (% N found, 23.0), but which was
not identified as such.

Ethylene bis(iminodiacetamidoxime). To a slurry of ethylene
bis(iminodiacetonitrile) (10.0 g., 0.047 mole) in methanol
(25 ml.) was added a solution of hydroxylamine hydro-
chloride (14.0 g., 0.2 mole) in water (15 ml.). Heat was
evolved. Stirring was continued for 1 hr., and then sodium
carbonate (10.6 g., 0.1 mole) slowly added. After 3 hr.
additional stirring, the mixture was filtered, and the residue
dried in air. The crude product, 15.5 g. (95%), m.p. 182-
184°, was purified by recrystallization from distilled water,
m.p. 186-187° with decomposition.

Anal. Calcd. for CIH20MN10 C, 34.5; H, 6.9; N, 40.2.
Found: C, 34.4; H, 6.9; N, 40.3.
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Dinitro Amines and Their Reduction Products from the
Mannich Reaction of Nitrocyclohexane with
Aliphatic Diamines or Ammonia
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Nitrocyclohexane was found to react readily with aliphatic primary or secondary diamines or ammonia in the Mannich
reaction to give a new series of dinitroamines in good yield, The dinitro compounds were reduced to the corresponding

polyamines.

The use of diamines in the Mannich reaction of
secondary nitro paraffins was first recorded by
Johnson when he described a dinitro diamine ob-
tained from the reaction of 2-nitropropane with
formaldehyde and p-phenylenediamine.1The prod-
uct, IVjIV'-bis(2-nitroisobutyl)-p-phenylenediamine,
is the compound obtained when one hydrogen from
each of the two amine groups of the diamine is
replaced by a 2-nitroisobutyl group leaving the
amine groups secondary. More recently, Butler

(CH32—CHNO2 + HCHO + HN—C@H4—NH2— >
NO2 NO02

I I
(CHs)2—C—CH2—NH—CeHi—NH—CH2—C—(CH32

recorded the reaction of 2-nitropropane with form-
aldehyde and the secondary diamines, piperazine
and 2,5-dimethylpiperazine.2 He also obtained
dinitro diamines although the amine groups in these
products were both tertiary.

The possibility of using ammonia in place of an
amine in this type of reaction of secondary nitro
paraffins was investigated by Urbanski with 2-

(1) H. G.Johnson, J. Am. Chem. Soc., 68, 14 (1946).
(2) G. B. Butler, J. Am. Chem. Soc., 78, 482 (1956).

nitropropane.3 The product he isolated was bis(2-
nitroisobutyl)amine in which two offthe ammonia
hydrogens had been replaced by 2-nitroisobutyl
group to produce a secondary amine.

(CH3ZCHNO02+ HCHO + NH3—>
NO02 NO2

(CH32 —CH2—NH—CH2—C(CH32

The use of the secondary nitro compound, nitro-
cyclohexane, in the Mannich reaction does not ap-
pear to have been studied previously, since most
work of this type has been limited to the more
readily available 2-nitropropane. It has now been
found, however, that nitrocyclohexane takes part
quite readily in Mannich reactions and that good
yields of dinitro diamines may be obtained from
either primary or secondary aliphatic diamines or
from ammonia. The secondary amines studied were
limited to the closed ring diamines, piperazine and
C-substituted piperazines, but since secondary
monoamines such as diisobutylamine react readily,4

(3) J. K. N. Jones and T. Urbanski, J. Chem. Soc., 1766
(1949).
(4) R. A. Smiley, unpublished.
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TABLE |
Polyamines
nh2 nh2
A j CH2-(A>—ch?2
Analysis
Basic Compound from EaICda
Which Polyamine Is Derived % oun
A Yield 725 M.P. or B.P. % c % H % N
Ammonia 77 1.5050 B.p. 134-135° 70.29 1212 16.72
(0.4 mm.) 7054 1160 17.58
Ethylenediamine 48 1.5067 B.p. 167-168° 68.08 12.05 19.85
(0.55 mm.) 68.37 1109 19.34
Hexamethylenediamine 47 1.4995 B.p. 194° 71.00 1242 1651
(0.1 mm,) 71.01 1247 16.35
Piperazine 65 — M.p. 91-92° 70.10 1169 18.19
69.98 1169 18.18
2-Methylpiperazine 73 1.5106 B.p. 174-179° 70.80 11.80 17.39
(0.3 mm.) 7011 1153 17.35
fo-cms-2,5-Dimethylpiperazine 75 — M.p. 71-72° 71.85 1197 16.16
7131 1181 16.40

it seems probable that open-chain secondary di-
amines would react just as well as the piperazines.

All of the nitro amines prepared in this study
were hydrogenated in ethanol with Raney nickel
catalyst to the corresponding polyamines. Table |
shows the properties of these compounds. These
polyamines are all colorless and have no appreci-
able odor. When pure they appear to be quite stable
and show no discoloration after normal storage for
a year. They are all soluble in most organic com-
pounds but are insoluble in water except for the
ethylenediamine derivative. This compound is
completely miscible in water and in all the organic
liquids tested, including hydrocarbons.

EXPERIMENTAL

Materials. The nitrocyclohexane used in this study was
prepared by the liquid-phase nitration of cyclohexane.
The 2-methylpiperazine and the cis- and trans-2,5-dimethyI-
piperazine were obtained from the Wyandotte Chemical
Corp. and were used without further purification. The
formaldehyde was commercial formaldehyde solution meet-
ing ACS specifications while all other reactants were of the
best grade obtainable from commercial sources and were
used as received.

Purification of n trocyclohexane. Straw-colored, technical-
grade nitrocyclohexane (500 ml.) was added dropwise to a
stirred 500-ml. volume of concentrated sulfuric acid cooled
in an ice bath. When the addition was complete, the solution
was poured into a mixture of cyclohexane (500 ml.) and ice.
The mixture was stirred until the ice melted. The cyclohex-
ane layer was separated and dried over calcium chloride.
The cyclohexane then was distilled off at atmospheric pres-
sure, and the residue was distilled through a Claisen head
in vacuo. Nitrocyclohexane purified in this manner was
water white, boiled sharply at 79° at 10 mm., and had an
n25 of 1.4587. Analysis of the distilled nitrocyclohexane by
an infrared method failed to detect the presence (0.1%) of

any alcohol, nitrate, or nitrite. The ketone content was
usually about 0.2-0.6% by weight.

N,N'-Bis[(I-nitrocyclohexyl)methyl]piperazine. A solution
of 64.5 g. (0.5 mole) of nitrocyclohexane, 50 g. (0.6 mole) of
37% formaldehyde, and 49 g. (0.25 mole) of piperazine hy-
drate in 250 ml. of 95% ethanol was stirred for 1 hr. at room
temperature and then was refluxed on a steam bath for 2
hr. The thick white slurry which resulted was cooled, and the
solid material was removed by filtration. Recrystallization
from benzene gave 81 g. (87.5%) of white product, m.p.
186-188°.

Anal. Calcd. for CiH3aND4: C, 58.65; H, 8.69; N, 15.21.
Found: C, 58.87; H, 8.63; N, 15.49.

The following C-substituted piperazine derivatives were
prepared in a similar manner.

N, N '-Bis [(f-nitrocyclohexyl)methyl ]-2-methylpiperazine.
M.p. 122-123°, yield 73%.

Anal. Calcd. for CiJIINAD 4 C, 59.65; H, 8.90; N, 14.65.
Found: C, 59.63; H, 8.57; N, 14.91.

N ,N "-Bis[(I-nitrocyclohexyl)methyl ]-2,B-dimethylpiper-
azine. The frans-diamine produced a white solid product in
76% yield, m.p. 149-150°, while the cfs-diamine gave a
79% yield of product, m.p. 122-124°.

Anal. Calcd. for CmlLdN/L: C, 60.60; H, 9.09; N, 14.13.
Found: C, 60.39; H, 9.02; N, 13.93.

N,N'-Bis[(I-nitrocyclohexyl)methyl }ethylenediamine.
Ethylenediamine (15 g., 0.25 mole) was added slowly over a
period of 30 min. to a stirred mixture of 64.5 g. (0.5 mole) of
nitrocyclohexane and 50 g. (0.6 mole) of 37% aqueous solu-
tion of formaldehyde at a rate such that the temperature of
the reaction mixture did not exceed 40°. After the addition
of the diamine was complete, the reaction mixture was stirred
for 4 hr. The mixture then was allowed to stand for 16 hr.,
after which time it was poured into 200 ml. of 18% hydro-
chloric acid. The white precipitate which formed was re-
moved by filtration, washed with acetone, and dried. A
yield of 71 g. (90%) of the dihydrochloride of the dinitro
diamine was obtained.

The salt was neutralized with ammonium hydroxide, and
the free dinitro diamine was removed by filtration. The
product was recrystallized from diethyl ether, and a yield
01;53_ g.d(75%) of white crystalline product, m.p. 72-73°, was
obtained.
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Anal. Calcd. for CIEH3IN404: C, 56.10; H, 8.77; N, 16.37.
Found: C, 56.06; H, 8.77; N, 16.06.

N,N ‘-Bis[(l-nitrocychhexyr)methyl }hexamethylenedi-
amine. Using hexamethvlenediamine in a manner similar to
that used with ethylenediamine, a 32% yield of product was
obtained which after recrystallization from a mixture of
ethyl ether and 30-60° petroleum ether melted at 51-52°.

Anal. Calcd. for CznHss"Ch: C, 60.30; H, 9.55; N, 14.07;
neut. equiv., 199.0. Found: C, 61.09; H, 9.40; N, 14.25;
neut. equiv., 199.5.

Bis (1-nitrocyclohexylmethyl)amine. To a stirred solution of
258 g. (2 moles) of nitrocyclohexane and 270 g. (2.75 moles)
of coned, ammonium hydroxide (28%) in 500 ml. of 95%
ethanol was added 180 g. (2.2 moles) of 37% formaldehyde
dropwise over a period of 1 hr. When the addition of form-
aldehyde was complete, the reaction mixture was refluxed for
4 hr. and then allowed to cool to room temperature. The mix-
ture was poured into a liter of 1/1 solution of concentrated
hydrochloric acid and water. The hydrochloride salt which
precipitated was removed by filtration, washed in ethanol,
and dried. The hydrochloride was neutralized with aqueous
sodium hydroxide solution, and the free amine was recrystal-
lized from 95% ethanol. The yield of white crystalline
product, m.p. 57-58°, was 176 g. or 59%.
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Anal. Calcd. for CuH*NsCb-HCI: C, 50.07; H, 7.74; N,
12.51. Found: C, 50.24; H, 7.66; N, 12.58.

The infrared spectra of all of the dinitro compounds
showed a high nitro group absorption at 6.50-6.52, typical
of tertiary nitro compounds.@®

Reduction of dinitro amines to polyamines. All of the
Mannich condensation products were reduced to the cor-
responding polyamines with hydrogen in a Parr hydrogena-
tor by using 2 g. of Raney nickel6 for 0.1 mole of dinitro
compound in 175 ml. of 95% ethanol. The heavy-walled re-
action bottle was shaken until the hydrogen required for the
reduction of the nitro groups was absorbed. Then the
catalyst was filtered off and the ethanol solvent removed
under reduced pressure. The liquid products were purified
by distillation in vacuo. The piperazine derivative was re-
crystallized from acetone, while the 2,5-dimethylpiperazine
compound was recrystallized from 90-120° petroleum ether
at —15°. Table | lists the properties of these compounds.

Gibbstown, N. J.

(5) N. Kornblum, H. E. Ungnade, and R. A. Smiley, J.
Org. Chem., 21, 377 (1956); J. F. Brown, Jr., J. Am. Chem.
Soc., 77, 6341 (1955).

(6) E. C. Horning, Org. Syntheses, Coll. Vol. IlI, p. 176
(1955).
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Synthesis of Polyfunctional Polymersl
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Polyfunctional polymers were synthesized by chemical modification of hydrocarbon and nitrile polymers and by copoly-
merization of selected monomers. Reactions included aromatic nitration, chlorométhylation and acylation, reduction of
nitro, oximino, carbonyl and nitrile groups and other carbonyl reactions. Polymers utilized included polystyrene, polyacrylo-
nitrile, and copolymers of methyl vinyl ketone with acrylonitrile and styrene.

Chemical modification of high polymers has been
studied extensively. In this study polystyrene was
chosen as a base polymer for modification because
of the ready reactivity of the benzene ring to well
defined products of definite structure for a number
of reactions. Nitropolystyrene was prepared as a
precursor of a variety of substituted polystyrenes
such as aminopolystyrene and the products of re-
action of diazotized aminopolystyrene. The nitrated
polymer has been previously prepared2-6 under
conditions resulting in varying degrees of polymer
degradation because of the vigor of the nitrating
techniques (use of concentrated sulfuric and nitric
acid mixtures at elevated temperatures). Acetyl-
nitrate is an efficient nitrating agent at moderate
temperatures, however, and should effect nitration
of polystyrene without simultaneous polymer deg-
radation. To increase the solubility of polystyrene
in nitrating media, several polystyrenes of low

(1) This paper was presented at the November 1957
Meeting in Miniature of the Connecticut Valley Section of
the American Chemical Society, Hartford, Conn.

(2) G. Komppa, Ber., 26, 677 (1893).

(3) H. Zenftman, J. Chem. Soc., 982 (1950).

(4) A Langhans, Explosivstoffe, 516, 68 (1953); Chen/.
Abslr., 48, 373 (1954).

(5) K. Bjotveit (Norsk Hydro-Elektrick), Nor. Patent
83,373 (Mar. 22, 1954); Chem. Abstr., 48, 8585 (1954).

molecular weight were prepared by polymeriza-
tion in the presence of bromotrichloromethane
(1-6%) as a chain transfer agent (Table 1).

Nitropolystyrene was obtained when acetyl-
nitrate was used as the nitrating agent and elemen-
tal analysis showed this material to contain less
than one nitro group per benzene ring (0.6). Varying
the conditions of reaction with acetyl nitrate did
not yield a —NO2 to CelE ratio greater than .6
(Table I1).

Concentrated nitric acid did not dissolve poly-
styrene and, as would be expected, nitration was
negligible. Fuming nitric acid reacted with poly-
styrene at 0° to yield a viscous sirup and consider-
able nitration occurred. Elemental analysis on the
product corresponded to 1.2 nitro groups per
benzene ring. Chemical and catalytic hydrogena-
tions were carried out on the low molecular weight
nitropolystyrenes. Chemical reduction was in-
effectual. Products from catalytic hydrogenation
(palladium-on-carbon catalyst) appeared to be
aminopolystyrene7-9 with infrared bands at 1600

(6) Q. A. Trementozzi, J. Phys. Colloid Chem., 54, 1227
(1950).

(7) W. E. Bachmann, J. Org. Chem., 12, 108 (1947).

(8) H. P. Gregor, C. G. Overberger, J. Am. Chem. Soc.,
77, 3675 (1955).
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TABLE |
LOW Motecutar Weight Polystyrene
% Chain % Yield W Clin
Sample Transfer Agent of Polymer hi e Polymer
1 1 70 .078 10,000 2.07
2 2 55 .058 7,000 2.98
3 4 45 .045 5,000 4.05
4 6 20 Below 5.24
5,000
“w = 574 X 10“5M°-B (Ref. 6).
TABLE 11
Nitration of Polystyrene
Nitration Temp. Time, c % N in
Polystyrene Method °C. Hr. Yield NO02CeH5"  Polymer6
Sample 3 Acetyl nitrate 40 1 90 6 5.26
Sample 4 Acetyl nitrate 40 1 98 .6 5.98
Sample 4 Acetyl nitrate 40 4.5 100 6 5.77
Sample 4 Acetyl nitrate 75 4.5 95 .6 5.45
Mw 67,000 Acetyl nitrate 75 4.5 98 2 2.30
Mw 67,000 Cone. HNC?3 100 12 98 2 1.78
Mw 67,000 Fuming HNOs 0 8
25 24 96 1.2 10.98
“ From elemental analytical data. 6 Theoretical value for mononitrated polystyrene; N = 9.39%.
and 3350 cm.-1 but were insoluble in organic sol- TABLE I11
vents and aqueous acids and may be crosslinked. Softening Points
The nitropolvstyrene showed strong bands at Softening
1350 ar.d 1550 cm."1(Fig. 1). Compound Point
Polystyrene (base polvmer) 140-145
Ly ZD 1w Acetylpolystyrene 130-135
Butyrylpolystyrene 95-100
Stearoy jpolystyrene 50- 55
p- (a-Hydroxyethyl)polystyrene 120-125
Oxime of acetylpolystyrene 170-175
p-(a-Aminoethyl)polystyrene 170-175
Styrene-methyl vinyl ketone copolymer 100-105
Reduced styrene-methyl vinyl ketone co-
polymer 135-140
Oxime of styrene-methyl vinyl ketone co-
Fig. 1L p-Nitropolystyrene infrared curve polymer 145-150
p- [2-(Cinchoninic acid) Ipolystyrene -240
. Nitropolvstyrene 210-215
Polystyrer_le was a(_:etylatedSDm b)_/ a Friedel- Chloromethylpolystvrene0 135-145
Crafts reaction? ¥ with acetyl chloride. The ele-  Stearoylpolystyrene® 50- 55

mental analysis and infrared data corresponded to
quantitative monoacetylation. The butyryl and
stearoyl homologs were prepared and, as expected,
the products became less soluble {i.e. benzene,
methyl ethyl ketone) as the aliphatic carbon chain
was lengthened. Softening points (c/. experi-
mental) decreased®b as the aliphatic chain was
lengthened (Table I11).

(9) H. Brandenberger, J. Polymer Sei., 2C, 215 (1956).

(10) W. O. Kenyon, G. P. Waugh, C. C. Unruh (East-
man Kodak Co.), IT.S. Patent 2,713,570 (July 19, 1955).

(11) A. W. Ralston, R. J. Vander Wal (Armour and
Co.), U.S. Patent 2,197,709 (Apr. 16, 1940).

(12) D. T. Mowry, M. Renoll, W. F. Huber, J. Am.
Chem. Soc., 68, 1105 (1946).

(13) P W. Sherwood, Petrol. Processing, 8, 724 (1953).

(14) P Teyssie, G. Smets, J. Polymer Sei. 20, 351 (1956).

(15) L. L. Ferstandig, J. C. Butler, A. E. Strauss, J.
Am. Chen. Soc., 76, 5779 (1954).

“ Softening point of polystyrene (base polymer) 100-105°.

Stearoylpolystyrene, in particular, was insoluble
in most organic solvents (slightly soluble in poly-
halogenated aromatic solvents and soluble in
nujol). This material resembled a wax in its physical
appearance and behavior. An interesting experi-
mental observation was that the acetyl and butyryl
reaction mixtures became heterogeneous earl}- in the
reaction; whereas the stearoyl-aluminum chloride
complex remained in solution. In the latter reaction,
the viscosity increased and gelation occurred
toward the end of the reaction. The greater solu-
bility of the stearoyl-aluminum chloride complex
than either that of the butyryl or acetyl complexes
is probably the consequence of the higher percent-
age of carbon disulfide compatible aliphatic chain
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inthe R group of the ionic complex mRC+ AICI4-

1
0

The reaction of phthalic and succinic anhydrides
with polystyrene to yield keto acids, another more
soluble polyfunctional polystyrene, was not suc-
cessful. The anhydrides were insoluble in any
polystyrene solvent suitable for the reaction.

To introduce amino groups on polystyrene in
positions other than on the backbone of the mole-
cule, acetylpolystyrene was converted to the oxime®b
which was then reduced with lithium aluminum
hydrider to the corresponding primary amine.
A Beckman rearrangement on the oximeXgave an
insoluble resin which could not be identified.
Lithium aluminum hydride reduction of the ace-
tylpolystyrene yielded the corresponding secondary
alcohol. The number of hydroxyl or amino groups
in the polymer was varied from 0 to 1 per benzene
ring by controlling the degree of acylation, p-
Carboxypolystyrene, 1700 and 2500-3000 cm.-1
(Fig. 2), was obtained by the oxidation of acetyl-

Fig. 2. p-Carboxypolystyrene infrared curve

polystyrene, 1670 cm.-1, with sodium hypochlorite.
The sodium salt of the product was completely
soluble in water and the solution exhibited de-
tergent properties. The free acid resembled a fatty
acid in physical appearance rather than a polymeric
material.

The chlorométhylation1921 of polystyrene was
attempted and numerous runs were made varying
reaction conditions and ratios of reactants. In many
of these runs no chlorométhylation took place and
when a chloromethylated product was isolated it
was very insoluble. Using low molecular weight
polystyrene, a chloromethylated product was iso-
lated which was partially soluble in several solvents
but attempts to replace the halogen with hydroxyl
and nitrile groups were unsuccessful.

The reaction of isatin with aryl methyl ketones,
known as the “Pfitzinger Reaction”,2

(16) W. E. Bachmann, J. Am. Chem. Soc., 58, 2097
(1936;. o

(17) R. E. Lyle, H. J. Troscianiec, J. Org. Chem,, 20, 1757
(1955;

(18) A. Schaffier, Ber., 88, 767 (1955).

(19) C. H. McBurney, U.S. Patent 2,629,710 (Feb. 24,

1953).

(28) Dow Chemical Co., Brit. Patent 677,350 (Aug. 13,
1952); Chem. Abstr., 47,.8943 (1953).

(21) G. D. Jones, Inil. Eng. Chem., 44, 2686 (1952).

(22) Pfitzinger, J. prakt. Chem. 33, 100 (1886).

SYNTHESIS OF POLYFUNCTIONAL POLYMERS

1119

COCH
CEH5COCH3+ CeH4ANHCOCO

has lead to 4-carboxy-2-aryl substituted quinolines
(derivatives of cinchoninic acid). Reports in the
literature23-26 suggest possible physiological or
pharmacological activity for these compounds.
Atophan, (1) has been used in treating gout and
rheumatism. Further, it has been shown that if the
aryl group of the ketone is alkyl-substituted the
activity is enhanced. The condensation of acetyl-
polystyrene with isatinic acid gave a resin (lIl)

Cc—C-
|

which contained the expected structure as confirmed
by infrared comparison with the spectrum of a
model compound (I), Fig. 3 and 4. This resin can
be considered a styrene-quinoline copolymer.

10000 2500 1000

anom - NdDA
Fig. 3. 4-Carboxy-2-phenyl quinoline infrared curve

Fig. 4. p-(2-[Quinolme-4-carboxylic

infrared curve

acid]) polystyrene

A styrene-methyl vinyl ketone copolymerZ’3B
was made as a prototype polymer with a high
percentage of carbonyl groups. In this material the

(23) J. A Knight, H. K. Porter, P. K. Calaway, J. Am.
Chem. Soc., 66, 1893 (1944).

(24) N. P. Buu-Hoi, P. Cagniant, Bull. soc. chim., 11,
343 (1944).

(25) N. P. Buu-Hoi, R. Royer, Rec. trav. chim., 66, 300
(1947).

(26) M. Colonna, Gazz. chim. ital., 78, 502 (1948);
Chem. Abstr., 43, 2210 (1949).

(27) F. M. Lewis, C. Walling, W. Cummings, E. R.
Briggs, W. J. Wenisch, J. Am. Chem. Soc., 70, 1527 (1948).

(28) H. J. Hagemeyer, J. Am. Chem. Soc., 71, 1119
(1949).
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carbonyls are on the chain rather than on the
benzene rings. The copolymer was converted to the
oxime and reduced to a primary amine. Reduction of
the carbonyl groups with lithium aluminum hydride
gave the corresponding secondary alcohol. The
infrared carbonyl band at 1690 cm.-1 was changed
to hydroxyl at 3600 cm.“ 1, Fig. 5 and 6.

curve

Fig. 6. Reduced styrene-methyl vinyl ketone copclvmer
infrared curve

An approximately 60/40 methyl vinyl ketone-
acrylonitrile copolymer®3d was prepared by mass
polymerization in sealed tubes. The copolymer was
isolated and purified by solution followed by pre-
cipitation and then catalytically hydrogenated over
Raney nickel in tetrahydrofuran. Infrared analysis
showed strong amine and hydroxyl absorption and
some nitrile indicating considerable but incomplete
reduction. Using similar experimental conditions
with polyacrylonitrile® in dimethylformamide, a
discolored insoluble material was obtained.

It is evident that chemical reactions on polymeric
materials are, in many instances, not as easily
facilitated as the same reactions with simple or-
ganic compounds. Limited solubility, side reactions,
and crosslinking are among the more persistent
problems. The chemical properties of the modified
polymers are quite different from those of the parent
compounds (Table 111, softening points; solubili-
ties in Experimental section). These chemical
compositions lend themselves to further chemical
modification and reaction.

experimental

Low molecular weight 'polystyrene. Four samples of poly-
styrene were prepared by mass polymerization in sealed

(29) W. E. Elwell, R. L. Meier (California Research Co.),
U. S. Patent 2,451,435 (Oct. 12, 1948).

(30) N. H. Shearer, H. W. Coover (Eastman Kodak Co.),
U. S. Patent 2,719,144 (Sept. 27, 1955).
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tubes. Bromotrichloromethane was used as a chain transfer
agent in 1, 2, 4, and 6% by weight of styrene monomer.
Di-tertiary butyl peroxide was the catalyst at .02%. The
polymerizations were carried out at 90° for 12 hr. and then
brought to 190° for 5 hr. These low viscosity materials were
dissolved in methyl ethyl ketone and precipitated from
methanol as solids, Table I.

Nitration of polystyrene. Ten grams of polystyrene sample
3 (Table I) was dissolved in 100 ml. of carbon tetrachloride.
Fifteen ml. of acetic anhydride was slowR added followed by
the cautious addition of 5 ml. of concentrated nitric acid
keeping the temperature below 40°. The solution was poured
into 300 ml. of methanol with stirring and then filtered.
The pale yellow solid was reprecipitated from carbon tetra-
chloride with methanol. Several runs were made by this
procedure and the results are given in Table II.

A sample of polystyrene, prepared without chain transfer
agent (Mv 67,000), was nitrated with fuming nitric acid.
Twenty grams of polystyrene was added slowly to 160 ml. of
fuming nitric acid while keeping the temperature at 0°.
After 8 hr. the temperature was allowed to come to room
temperature and stand for 24 hr. The thick sirup w-as poured
carefully into water and the yellow solid removed by filtra-
tion, washed several times with water, and dried. The molec-
ular weight of the product was 58,000. The molecular
weights of the polystyrene [i;] = 0.343 and of nitropoly-
styrene fo] = 0.290 were calculated from the relationship’
fo] = 5.74 X 10-' M»B (toluene at 25°; g./IOO ml.). The
value for nitropolystyrene is an approximation as used by
Zenftman.3 The nitrated polystyrenes were soluble in di-
methylformamide and tetrahydrofuran, and slightly soluble
in benzene and toluene.

Reduction of nitropolystyrene. A series of chemical and
catalytic reduction experiments was unsuccessful for the
reduction of nitropolystyrene. Unreacted nitropolyst3rene
was recovered along with up to 10% insoluble material in
some runs. Palladium-on-carbon gave an aminopolystyrene.

Method of
Reduction Conditions Result
LiAIH4 THF, reflux 1 hr. No reduction
Sn, HC1 (gaseous) THF, reflux No reduction
90%; material
insoluble in all
common sol-
vents 10%
Raney nickel 60°, P?OO Ib./sg. in.  No reduction
lhr.
Raney nickel 100°, 1400 Ib./sq.  No reduction
in. 4 hr.

Palladium-on-carbon powder. Fifteen grams (AM) of nitro-
polystyrene (degree of nitration 1.2) was dissolved in 135 ml.
of purified dimethjdformamide to w-hich 3 g. of 5% palla-
dium-on-carbon w-as added. This was charged to a Parr low
pressure hj-drogenator at 50 Ib./sq. in. and 50° for 12 hr.
The reaction consumed the theoretical amount of hydrogen.
The yellow product, isolated as previously described, was
almost completely reduced as shown by infrared analj-sis,
but was insoluble in HC1 and all solvents.

Acylation of polystyrene, p-acetylpolystyrene (polyvinyl-
acetophenone). In a 2-liter three-necked flask, fitted with a
mechanical stirrer, dropping funnel, and a reflux condenser
were placed 67 g. (5 mole) of Eastman grade aluminum
chloride and 250 ml. of carbon disulfide. Stirring was begun
and 30 g. (.37 mole) of practical acetyl chloride was added.
While maintaining vigorous stirring, a dope of 26 g. (.25
mole) of polystyrene, sample 1, in 200 ml. of carbon disulfide
was added gradually over a period of about 20 min. The mix-
ture became yellow, a soft bulky precipitate was formed, the
carbon disulfide refluxed gently, and hydrogen chloride w-as
evolved. After the addition of polystyrene was complete, the
mixture was refluxed for 1.5 hr. until the evolution of hy-
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drogen chloride ceased. Stirring was maintained during this
period. The reflux condenser was replaced by a tube leading
to a distilling condenser, stirring was stopped, and about
70% of the carbon disulfide was removed leaving a damp
yellow mass which was poured into water containing ice and
100 ml. of 1IC1. This was then steamed to remove the re-
mainder of the CS2and the acidic water was decanted from
the solid which adhered to the walls of the container. Cold
water was added and the solid hardened on contact and was
removed by filtration. The product was dissolved in 800 ml.
of acetone and precipitated by 3 1 of water to yield a pale
vellow solid in 92% yield.

Anal. Calcd.: C, 82.20; H, 0.90. Found: C, 82.10; H,
6.78. The material was soluble in acetone, ethylene chloride,
acetophenone, dioxane/alcohol, dioxane/methanol, and
tetrahydrofuran.

When stannic chloride was used no acetylation occurred.
With acetic anhydride and aluminum chloride, 25% acetyla-
tion (1 CH3CO/4 benzene rings) was the most obtained.

Butyrylpolystyrene. This compound was prepared by the
same method with n-butyryl chloride. The purification was
more difficult due to decreased solubility and the recovery
was 50%.

Anal. Calcd.: C, 82.75; H, 8.05. Found: C, 82.06; H,
8.41. The material exhibited limited solubility in methyl
ethyl ketone, xylene, and dichlorobenzene.

Stearoylpolystyrene. This compound was prepared by the
same method (using freshly distilled stearoyl chloride) in
80% vyield as a white, very waxy solid, with limited solubility
in methyl ethyl ketone, xylene, and dichlorobenzene and
soluble in hot nujol.

Anal. Calcd.: C, 84.32; H, 11.35. Found: C, 83.78; H,
11.25.

Phthalic and succinic anhydrides could not be used since
they are insoluble in all Friedel-Crafts type solvents which
will dissolve polystyrene. A run was made using nitroben-
zene as solvent but no reaction occurred.

Derivatives of p-acetylpolystyrene. p-(a-Hydroxyethyl)poly-
styrene. Five grams (.034 mole) of acetylpolystyrene was dis-
solved in 50 ml. of tetrahydrofuran. Five grams (0.14 mole)
of lithium aluminum hydride was suspended in 50 ml. of
tetrahydrofuran. The tetrahydrofuran was distilled from
calcium hydride and then from lithium aluminum hydride.
The polymer solution was added slowly to the lithium
aluminum hydride suspension in a 200-ml. flask fitted with a
reflux condenser, stirrer, and dropping funnel. The solution
became warm during the addition and began to reflux and the
viscosity of the mixture increased. After refluxing for 2 hr.
the mixture was cooled and excess LiAlH4was decomposed
with ethanol followed by water and HC1 to dissolve the
aluminum hydroxide. The polymer was removed by filtra-
tion, dissolved in methyl ethyl ketone, and reprecipitated
from water. The yield was 4.5 g. (90%) and infrared con-
firmed conversion of carbonyl to hydroxyl.

Anal. Calcd.: C, 81.06; H, 6.99. Found: C, 80.68; H, 7.06.

Oxime of acetylpolystyrene. Seven and one half grams
(0.047 mole) of acetylpolystyrene and 6 g. (.085 mole) of
hydroxylamine hydrochloride were dissolved in a mixture of
30 ml. of absolute ethanol and 45 ml. of dry pyridine. The
mixture was refluxed for 48 hr. and then poured into cold
water. The white solid amounted to 7.2 g. (88%). The oxime
was purified by dissolving in acetone and reprecipitating
from water. It was soluble in acetone and pyridine, slightly
soluble in ethanol and benzene, and insoluble in water. The
infrared spectrum showed essentially complete conversion
of carbonyl to oxime.

Anal. Calcd.: N, 8.70. Found: N, 8.05.

An attempted Beckman rearrangement of the oxime gave
a completely insoluble mass.

p-(ct-Aminoethyl)polystyrene. Five grams (0.31 mole) of
the oxime was dissolved in 50 ml. of purified tetrahydrofuran
and added to a slurry of 5¢g. (0.14 mole) of lithium aluminum
hydride. A vigorous reaction occurred and a gel formed.
After 1 hr. of reflux the mixture was carefully decomposed
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with ethanol and then poured into water. The pH was ad-
justed to 8-10 and the gummy precipitate was removed by
filtration, dissolved in methyl ethyl ketone, and reprecipi-
tated from water. The yield of fine yellow powder was 3.7 g.
(80%).

Anal. Calcd.: C, 81.60; Il, 9.50; N, 8.90. Found: C,
81.00; H, 9.40; N, 8.55.

p-Carboxypolystyrene. Six grams of acetylpolystyrene was
added to an aqueous solution of sodium hypochlorite
(Merchlor) and the suspension refluxed for 12 hr. during
which time the odor of chloroform was observed. At the end
of this time the polymer was all in solution and the clear
liquid was acidified. An excessive amount of foam was ob-
served at this point. The white solid was removed by filtra-
tion (75%). The infrared spectrum showed complete con-
version of carbonyl to carboxyl. The material was soluble in
methanol, ethanol, and in water as the sodium or ammonium
salt, and insoluble in other common organic solvents. Dilute
aqueous solutions of the sodium salts exhibited heavy foam-
ing characteristics.

Anal. Calcd.: C, 72.98; H, 5.40. Found: C, 72.83; H, 5.41.

Chlorométhylation of polystyrene. In a 1-1 four-necked
flask equipped with condenser, stirrer, thermometer, drop-
ping funnel, and drying tubes was added 25 g. (0.25 mole) of
polystyrene dissolved in 200 ml. of carbon disulfide. Stirring
was started and the solution was cooled to about 0° with
an ice-salt bath. Fifty-five g. (0.69 mole) of chloromethyl
ether was then added to the cold solution followed by the
dropwise addition of 13 ml. (0.11 mole) of SnCI2 The tem-
perature rose a few degrees, the solution slowly darkened
until about 15 min. after the first addition of catalyst when
the mixture became a dark red gel. The mixture was allowed
to stand for 1 hr. after which methanol was added. The
color disappeared leaving an off-white solid which was
washed repeatedly with methanol and dried. The material
was insoluble in dioxane, methyl ethyl ketone, tetrahydro-
furan, carbon disulfide, and chloroform.

A second run was made adding the polymer solution and
SnCl2simultaneously to the chloromethyl ether and quench-
ing immediately after the last addition to prevent excessive
cross-linking. The product was again insoluble. Using this
procedure with the low molecular weight polystyrene
(sample 2) a product was obtained which was soluble in
CS2and partially soluble in dioxane, methjd ethyl ketone,
and tetrahydrofuran. Sodium fusion showed the presence of
chlorine and the infrared curve deviated from that of the
starting material. Softening point of polystyrene used was
100-105°; for the product 135-140°.

Attempts to replace the halogen of the above chloro-
methylated polystyrene with nitrile and hydroxyl groups
were unsuccessful.

Styrene-methyl vinyl ketone copolymer. This copolymer
was prepared by mass polymerization in sealed tubes.
Seventy g. (0.67 mole) of purified styrene, 35 g. (0.5 mole) of
methyl vinyl ketone and .02% di-ferf-butyl peroxide were
placed in tubes, flushed with nitrogen, and sealed. The tubes
were placed in an oven at 95° for 8 hr. and brought to 190° for
15 hr. The pale yellow sticky mass was dissolved in methyl
ethyl ketone and precipitated from methanol (81% conver-
sion).

Anal. Found: C, 85.31; H, 8.37 which corresponds to about
65% styrene, 35% methyl vinyl ketone.

Derivatives of styrene-methyl vinyl ketone copolymer.
Reduced styrene-methyl vinyl ketone copolymer. Twenty
grams (0.11 mole) of dry styrene-methyl vinyl ketone co-
polymer (65/35) was dissolved in 150 ml. of dry tetrahydro-
furan. Fifteen grams (0.39 mole) of lithium aluminum hy-
dride was suspended in 150 ml. of tetrahydrofuran. The
tetrahydrofuran was previously distilled from calcium hy-
dride and then from lithium aluminum hydride. The poly-
mer solution was slowly added to the lithium aluminum
hydride suspension in a 2-1. three-necked flask fitted with a
reflux condenser, stirrer, and dropping funnel. The solution
became warm during the addition and began to reflux. After
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about one half of the polymer solution was added, the mix-
ture became gelatinous and broke up into small lumps. After
the addition of the polymer solution was complete (about 45
min.), stirring and refluxing was continued for 2 hr. The
mixture was cooled and ethanol was cautiously added after
which it was poured into 150 ml. of cold 20% HC1. The poly-
mer was removed by filtration, dissolved in methyl ethyl
ketone, and reprecipitated from water. The yield was 20 g.,
98%. The infrared spectrum showed complete conversion of
carbonyl to hydroxyl. Analysis for hydroxyl content gave
5.86% hydroxyl. Calculated hydroxyl for 33% methyl vinyl
ketone composition is 6.01%.

Oxime of styrene-methyl vinyl ketone copolymer. Five g.
(.03 mole) of styrene-methyl vinyl ketone copolymer and 5 g.
(.071 mole) of hydroxylamine hydrochloride were dissolved
in a mixture of 30 ml. of absolute ethanol and 30 ml. of dry
pyridine. The mixture was refluxed for 48 hr. and then
poured into cold water. The clean white solid amounted to
55 g (96%). The infrared spectrum showed complete con-
version of carbonyl to oxime.

Anal. Calcd.: N, 4.77. Found: N, 5.01.

The semicarbazone was prepared by an analogous proce-
dure.

p-[2-{Quinoline-4-carboxylic acid)]polystyrene (Il). Five
g. (.034 mole) of acetylated polystyrene and 5 g. of isatin
(.034 mole) were dissolved in 100 ml. of pyridine and 50 ml.
of 30% aqueous potassium hydroxide was added. The dark
red solution was refluxed for 3 days after which time it was
poured into 250 ml. of methanol. The small amount of in-
soluble material was removed by filtration leaving a clear,
deep red solution. The methanol solution was acidified where-
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upon a reddish-brown solid precipitated and was removed
from the yellow solution by filtration. The solid was dissolved
in tetrahydrofuran and reprecipitated from water. There was
obtained 7.5 g., 80% yield, of a pale pink solid. A model com-
pound was prepared from isatin and acetophenone. The in-
frared spectrum showed that these two materials were of
similar composition.

Acrylonitrile-methyl vinyl ketone. This copolymer, pre-
pared by mass copolymerization of equimolar quantities of
these monomers, was precipitated from methyl ethyl ketone
solution in methanol. This was a clear, brittle, glassj* ma-
terial with exceptional adhesive properties.

Reduction of methyl vinyl ketone-acrylonitrile copolymer.
The methyl vinyl ketone-acrylonitrile copolymer was re-
duced in the low pressure hydrogenator with Raney nickel
catalyst in tetrahydrofuran solution. The pale yellow solid
which was isolated showed hydroxjd, nitrile, and amine
groups by infrared. A similar reduction on polyacrylonitrile
in dimethylformamide yielded a black, insoluble, amorphous
mass.

Softening points. This data was taken on the Fisher-Johns
apparatus and reported in Table Il1l. The softening point
(range) was measured from initial softening to complete
flow of the sample.
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A series of experiments was designed to simultaneously determine by statistical analysis the effect of five experimental
conditions on the yield of i-butylmethylamine and i-butvlidimethylamine in the reductive methylation of i-butylamine by the

Leuckart procedure. Optimum conditions were determined

Although tertiary amines are the usual products
in the Leuckart reaction of formaldehyde with
primary amines in the presence of formic acid,1
we have observed that i-butylamine, treated in this
manner, yields significant amounts of the secondary
amine, i-butylmethylamine. Since we had need of a
large amount of this product and there is no satis-
factory synthesis reported,2 we considered it of
interest to determine the optimum conditions for its

(1) M. L. Moore, Org. Reactions, V, 307 (1949).

(2) i-Butvimethylamine was prepared in unspecified yield
(along with neopentylamine) by the hydrogenation of t-
butylcarbylamine [P. Sabatier and A. Mailhe, Compt.
rend., 144, 957 (1907)]. This compound was also formed in
about 6 per cent yield by the alkylation of i-butylamine with
methyl iodine [N. Bortnick, et al., J. Am. Chem. Soc., 78,
4039 (1956)]. Hurwitz [U. S. Patent 2,582,128 (1952)] sug-
gests the possibility of hydrogenating the Schiff base (aldi-
Lnige) formed on treatment of i-butylamine with formalde-

yde.

the preparation of both amines.

preparation by this method. After consideration of
some excellent reviews on the mechanism of the
Leuckart reaction,3we chose to study the effects of
several experimental variables. In a previous study
in our laboratories,4 application of the method of
experimental design5 provided outstanding results
in determining ideal conditions for a synthesis
problem involving the variation of several experi-

(3) See, for example, (a) E. R. Alexander and R. B.
Wildman, J. Am. Chem. Soc., 70, 1187 (1948); (b) V. J.
Webers and W. F. Bruce, /. Am. Chem. Soc., 70, 1422
(1948); (c) P. A. S. Smith and A. J. MacDonald, J. Am,.
Chem. Soc., 72, 1037 (1950); (d) D. S. Noyce and F. W.
Bachelor, J. Am. Chem. Soc., 74, 4577 (1952); (e) E. Staple
and E. C. Wagner, J. Org. Chem. 14, 559 (1949); (f) C. B.
Pollard and D. C. Young, Jr., J. Org. Chem., 16, 661 (1951).

(4) Results to be published later.

(5) For a general reference to the method of experimental
design, see C. A Bennett and N. L. Franklin, Statistical
Analyses in Chemistry and the Chemical Industry, John
Wiley & Sons, Inc., New York, (1954).
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mental factors. Experimental design permits opti-
mum application of statistical analysis to experi-
mental data and can often be the most efficient
method of determining optimum reaction condi-
tions. For this reason we believe that it is ideally
suited to many problems in organic synthesis and
that it should find ever increasing application in
this field. Moreover, the method provides some indi-
cation of the reliability of the results. The data
provide sufficient information for the calculation of
the uncertainty or error inherent in the yield vari-
ations. When this uncertainty is compared with
the difference which is attributed to a variable
under study one may reliably determine the prob-
ability that the effect is real.

The effects discussed in this paper were signifi-
cant at the 95% confidence level, that is, the odds
are 20 to 1that the effects were not due to an un-
fortunate sampling of data.

After a preliminary run to determine approximate
reaction conditions, a series of experiments was
designed. These were designed to test the effect of
five experimental conditions on the yield of second-
ary and tertiary amines. The initial block of 16
experiments (a half-replicate of a 25 factorial ex-
periment) simultaneously compared high and low
values of reaction temperature (50° and 80°),
reaction time (4 hr. and 6 hr.), rate of addition
of formaldehyde (2 ml./min. and 6 ml./min.),
and the concentration of formic acid (2 moles and
3 moles) and formaldehyde (0.75 mole and 1.25
moles). The design and randomization of the ex-
periment are presented in Fig. 1.

TEMPERATURE, #C. 50 80

REACTION TIME, HR. 4 6 4 6

FORMALDEHYDE
RATE OF ADDITION, 2 6 2 6 2 6 2 6
ML /MIN,

A M7 11 6 5
0] w
) s ow 9 12 2 4
S L o
< 9 9
N 1 3 8 10
S8 o 28 -
) x

o o2 R
°s 2 5 6 15 14 13
Fig. 1. The design and randomization of the experiment

The consecutive numbers in Fig. 1 (1 through
16) represent the individual runs and the position
of the number in the block readily shows the ex-
perimental conditions of that run.

In these experiments, f-butylamine was mixed
with formic acid at ice vrater temperature to pro-
duce the formate salt. This mixture was heated to
the specified temperature and formaldehyde (a
37% formalin solution) was added at a prescribed
rate. At the end of the experiment, the reaction
mixture was analyzed for f-butylmethylamine, t-
butyldimethylamine, and unreacted f-butylamine
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by rectification of the mixture. As will be seen, this
method of analysis was not precise but it was ac-
curate enough for our purposes. The yields based
on primary amine (conversions) are presented in
Table I.

TABLE |
Y ields Based ox Primary Amine (Cox'version's)
Recovered
Experiment  Primary Secondary  Tertiary
Number ~ Amine, %  Amine, %  Amine, %
1 45 43 6
2 43 28 25
3 24 46 22
4 43 23 25
5 18 22 55
6 59 29 7
7 27 38 28
8 17 22 55
9 48 27 18
10 19 21 58
1 29 36 30
12 49 26 22
13 41 27 25
14 43 31 22
15 51 28 19
16 19 21 53

It is of interest to note that in all the runs at 80°
the formaldehyde was completely utilized. The
yields based on formaldehyde ranged from 95 to
109%. Yields in excess of 100% are, of course, a
reflection of the accuracy of the analysis by distil-
lation.

A statistical analysis of the yields (Table 1) was
performed. Effects were tested for significance at
the 95% confidence level and the follovdng con-
clusions were drawn:

1. Under the conditions chosen for study, re-
action time and rate of addition are not significant.
2. Increasing the temperature from 50° to 80°
causes an increase in the yield of tertiary amine and
a decrease in secondary amine yield. 3. An increase
in the amount of formaldehyde (from 0.75 to 1.25
moles) causes an increase in the yield of both
amines. 4. A significant interaction between tem-
perature and formaldehyde concentration exists.
At the low temperature (50°) an increase in formal-
dehyde concentration increases the yields of both
secondary and tertiary amines. At the higher
temperature an increase in formaldehyde increases
the yield of tertiary amine but reduces the vyield
of secondary amine. 5. Although not statistically
significant, the effect representing the formic acid-
temperature interaction vras relatively large. The
data indicate that at the high temperature the
formic acid concentration has little effect on yields.
At the lower temperatures, a high formic acid con-
centration appears to favor secondary rather than
tertiary amines.

Figure 2 is a representation of the expected yield
values based upon the assumption that only form-
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FORMIC

'ACID (MOLES)
75 L25
FORMALDEHYDE
TEMP (MOLES)
ro

80

Fig. 2. Expected yield estimates. The yield estimates
are based upon a statistical analysis of the experimental
data. The upper number represents per cent conversion
to secondary amine; the lower number represents per cent
conversion to tertiary amine

aldehyde concentration, formic acid level, re-
action temperature, and the above-mentioned in-
teractions are important.

Our major objective in these experiments was to
find the best conditions for the preparation of the
secondary amine. However, it is worth noting that
the statistical conclusions and the high ultilization of
formaldehyde at 80° both indicate that high yields
of the tertiary amine should be formed at high
temperatures with excess formaldehyde. Actually,
high yields of many tertiary amines have been re-
ported under such conditions but since the re-
action of ¢-butylamine had not been reported,6one
run was made at 90° with excess formaldehyde.
The tertiary amine was obtained in almost quanti-
tative (95%) conversion with no detectable
amounts of the secondary amine or recovered pri-
mary amine.

Our results also indicated that secondary amine
formation would be favored by lower reaction tem-
peratures and higher concentrations of formic acid
and formaldehyde.

We then designed a series of 24 experiments (a
23-3 factorial experiment) to more completely
investigate reaction temperatures (46°, 53°, and
60°), high formic acid concentration (3 and 7
moles), high formaldehyde concentrations (1.25
and 2.25 moles), and reaction times (3 hr. and 6 hr.).
However, it was found that the reaction did not
proceed to any great extent at 46°. It was apparent
that the higher levels of formic acid concentration
caused a considerable decrease in the reaction rate.
This retarding effect of a large excess of formic acid
was observed before in reactions of this type.3®

The experimental design wks changed to elimi-
nate the study at 46° (thus becoming a 24factorial
experiment) and the remaining experiments were
performed. The design and randomization of this
series of experiments was carried out in the same
manner as the first block of experiments (Fig. 1).
In this series, the reaction conditions varied from
those which barely allowed the reaction to proceed
to those which permitted fairly extensive reaction.
(The yields of carbon dioxide varied widely from
11% to 156%, based on the amount of carbon di-
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oxide required in the formation of the secondary
amine.) The effect of high concentrations of formic
acid in decreasing reaction rate was especially
significant. An increase in formic acid concentration
(from 3 to 7 moles) caused a fourfold decrease in
the extent of the reaction during 3 hr. at both tem-
peratures and a twofold decrease during the 6-hr.
experiments at both temperatures. However, a
complete statistical analysis of these experiments
was not possible since, under conditions where the
reduction had not occurred to a large extent, a
considerable quantity of f-butylaldimine7 (a Schiff
base) was formed. This seriously interfered with the
analysis of the secondary amine because (-butyl
aldimine boils within a few degrees of the secondary
amine and has been shown to be unstable.8 In all
cases, however, the yield of crude secondary amine
was no greater than the highest yield found in the
first block of experiments.

Thus, the application of statistical design to this
reaction has provided a convenient set of experi-
mental conditions for the satisfactory production of
the secondary amine. The better runs in the first
block of experiments produced the secondary amine
in yields as high as 60% with 46% conversion.
This is probably very close to the optimum for this
reaction since these were the highest yields ob-
tained in a systematic study of the important ex-
perimental variables at levels near those which pro-
duced these yields.

EXPERIMENTALS9

Starting materials. i-Butylamine is commercially available
and was used without purification. The formaldehyde used
was a formalin solution (38% formaldehyde) and the formic
acid used was a technical grade (90% formic acid).

General procedure. i-Butylamine (73 g., 1.0 mole) was
cautiously added dropwise (30 min.) to ice cold formic acid
(the amount of formic acid was systematically varied be-
tween 2 and 7 moles). The flask was equipped with a reflux
condenser and a thermometer well, and the contents were
stirred with a magnetic stirrer. The reaction mixture was
brought to the required temperature by means of a heating
mantle and the temperature was maintained within a degree
of the desired temperature by means of a capacitance relay
attached at the proper position on the thermometer. This
“Thermo-Cap Relay” provided an off-on switch for the
heating-mantle variac. Formaldehyde solution was added
dropwise at a specified rate by means of an apparatus similar
to that used for surgical infusions. It consisted of a graduated
addition funnel from which the formaldehyde solution was
conducted downward through a Tygon tube to a calibrated
dripmeter. This dripmeter consisted of a glass tube ¥1 X 2
in. which was half filled with the solution. As the solution
passed dropwise into the dripmeter, the solution flowed
downward to the reaction mixture through another Tygon

7) M. D. Hurwitz, U. S. Patent 2,582,128 (1952).

(8) i-Alkylamines are unique in their reaction with
formaldehyde, since they give excellent yields of relatively
stable monomeric aldimines. Normally the reaction of
aliphatic primary and secondary carbinamines with formal-
dehyde yields cyclic trimeric azomethines [Tertiary-Alkyl
Primary Amines, Rohm & Haas Co., Technical Publication

(6)  This reaction was subsequently reported by L.No. SP-33, p. 24 (1955)].

Spialter and J. Pappalardo, J. Org. Chem., 22, 840 (1957).

(9) All melting points and boiling points are uncorrected.
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tube which could be constricted by means of a pinch clamp.
The apparatus was adjusted to deliver formalin solution at
the prescribed rate and provided a very convenient method
of accurately controlling the rate of addition.

The reaction mixture was stirred by means of the magnetic
stirrer and held at the specified temperature for the required
time. During the entire experiment the evolution of carbon
dioxide was followed volumetrically using a “wettest
meter”. The reaction mixture was then treated with 50 ml.
of concentrated hydrochloric acid and 100 ml. of liquid was
distilled from the mixture. The residue was made strongly
basic with a 50% solution of sodium hydroxide and this
mixture was fractionally distilled through a 3-ft. bubble-cap
column which was equipped with a reflux head set at a reflux
ratio of ten to one. The yield of secondary and tertiary amine
and the amount of recovered primary amine was determined
from a plot of the boiling point and refractive index of the
distillate.

¢-Butyldimethylamine is obtained as an azeotrope with
water (86.3% amine, 13.7% water) under these conditions.
The composition of the azeotrope (b.p. 76°, d150.771) was
determined by titration, vapor phase chromatography
(Perkin-Elmer, Column Material “F”), and density. The
pure i-butyldimethylamine could be obtained by distilla-
tion of the azeotrope from solid sodium hydroxide.
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t-Butyldimethylamine. The described general procedure
was used. Optimum conditions were: a 4:1 molar ratio of
formic acid to amine, a 2.5:1 molar ratio of formaldehyde,
a reaction temperature of 90-100°, and a reaction time of 2
hr. These conditions gave a 95% vyield of product61lb.p.
89°, rft 1.4015, d2 0.735, MRD calcd.: 33.86. Found:
33.49. The melting point of the quaternary ammonium
salt, i-butyltrimethylammonium iodide, m.p. 225-226°
(with decomposition) agrees with the value previously re-
ported.D

t-Butylmethylamine. The described general procedure was
followed. Experimental conditions which gave the best yield
were: A 3:1 molar ratio of formic acid to amine, a 1.25:1
molar ratio of formaldehyde, a reaction temperature of 50°,
and a reaction time of 6 hr. The productDwas obtained in
60% yield and 46% conversion; b.p. 69°, n™ 1.393, d”
0.727, MRd calcd.: 28.89%. Found: 28.61.

K ansas City 10, MO
(10)  N. Bortnick, L. S. Luskin, M. D. Hurwitz, W. E.

Craig, L. J. Exner, and J. Mirza,./. Am. Chem. Soc., 78, 4039
(1956).
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Studies in Dieckmann Cyclization. I. Cyclization of
Triethyl Pentane-Il,2,5-tricarboxylatel
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Dieckmann cyclization of triethyl pentane-1,2,5-tricarboxylate has been shown to give diethyl cyclohexanone-2,3-dicar-

boxylate.

In connection with a research project on the
synthesis of diterpenoid resin acids, in progress in
this laboratory for some years, it became neces-
sary to undertake the study of the Dieckmann cycli-
zation of triethyl pentane-1,2,5-tricarboxylate (1).

Dieckmann cyclization of triethyl pentane-1,2,5-
tricarboxylate was studied by Perkin and co-
workers.2 It was proved by them that a six-mem-
bered ring was formed in preference to a five-
membered one, since the product of cyclization on
hydrolysis furnished cyclohexanone-3-carboxylic
acid. They did not, however, establish whether the
intermediate /S-keto ester had structure Ha or
lib representing the two possible modes of cycliza-
tion.

(1) Taken from the thesis submitted by Kalyanmav Sen
for the degree of Doctor of Philosophy (Science) of the
University of Calcutta, April 1957. A preliminary com-
munication on this subject appeared in Science and Culture,
19, 312 (1953%). )

(2) M. E. Dabson, J. Ferns, and W. H. Perkin, J. Chem.
Sac., 95, 2010 (1909).

From a consideration of the inductive effect of
substituents in the |3-position on an a-methylene
group Chakravarti3predicted that the cyclization of
I should predominantly proceed via the route A
rather than via B or C, resulting in the product
Ha. Our results corroborate this view.

Triethyl pentane-1,2,5-tricarboxylate employed
in these studies was prepared by two different
methods. In the first method ethyl cyclopentanone-
2-carboxylate was condensed with ethyl ehloro-
acetate in benzene to produce diethyl cyclopen-
tanone-2-acetate-2-carboxylate which, on being
subjected to ring fission with catalytic amount of
sodium ethoxide in ethanol, furnished the tri-ester
(). In the second method ethyl chloroacetate was
condensed with diethyl sodiomalonate resulting in
the formation of diethyl 1-carbethoxysuccinate.
The succinic ester derivative was further condensed
with ethyl 7-bromobutyrate to yield tetraethyl
pentane-1,2,2,5-tetracarboxylate (IV). The tetra-

(3) R. N. Chakravarti, J. Chem. Soc., 1316 (1953).
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ester (IV) on hydrolysis with concentrated hydro-
chloric acid and subsequent esterification furnished

l.
coxhb5

c)hZ:OZbZhB

c—cozx.hb

/
ch?2
ch?2

\ o
ch2 “coxhb

(V)

Diekmann cyclization of | was conducted in
benzene solution using 1.2 atoms of pulverized
sodium. The course of cyclization was deduced from
the following experiments.

The Dieckmann product was methylated in situ
with methyl iodide. A portion of the methylated
product was hydrolyzed directly with 25% hy-
drochloric acid whereupon an acid of m.p. 97° was
formed4 which was found to be identical with an
authentic specimen of 2-methylcyclohexanone-3-
carboxylic acid (Via) through mixed m.p. determi-
nation and comparison of derivatives. Alternative
method of cyclization of | would have led to the
formation of 2-methylcyclohexanone-5-carboxvlic
acid (VIb).

(4) 0. Biudiseh and W. H. Perkin. J. Chem. Soc., 95,

1886 (19091
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The above results indicate that the cyclization of
I proceeded through the route A. Further confirma-
tion of this fact was obtained by subjecting the
methylated product to ring fission with a catalytic
amount of sodium ethoxide in ethanol. The triester
so obtained on being hydrolyzed with concentrated
hydrochloric acid furnished a gum which on tritu-
ration with dioxane gave crystals melting at 145°
after twro crystallizations from ethyl acetate. This
acid was found to be identical with 1-methylpen-
tane-1,2,5-tricarboxylic acid (Vila, R = H),
synthesized by an unambiguous method. 1-Methyl-
pentane-1,4,5-tricarboxylic acid (VIlb, R = H)
which should have resulted had the cyclization pro-
ceeded along route B was also synthesized for com-
parison and was found to possess quite different
properties.

Our results clearly show that the cyclization of
triethyl pentane-1,2,5-tricarboxylate in benzene
proceeded predominantly via route A and that the
by-product, if any, is formed only in minor amounts.

Certain compounds were synthesized and em-
ployed for comparison purposes. 2-Methylcyclo-
hexanone-3-carboxylic acid (Via) was prepared
by converting 2-methylcyclohexanone to 2-methyl-
2-cyclohexenone (VIIN6 via pyridine-catalyzed
dehydrochlorination of 2-methyl-2-chlorocyclo-
hexanone, the addition of hydrogen cyanide to
V111, and hydrolysis of the keto nitrile.

1-Methylpentane-I,2,5-tricarboxylic acid (Vila,
R =H) was prepared in the following way. Ethyl
a,/3-dicyanobutyrate, synthesized by a convenient
procedure developed in this laboratory,6 was con-

CN ch3
/ 1
ch? CH—CN
ch?2 C—CN
CH2 CO0XHs
(X)

densed with y-bromobutyronitrile. The resulting
ethyl 1-methyl-1,2,5-tricyanopentane-2-carboxylate
(X) was hydrolyzed with concentrated hydro-
chloric acid. The triacid formed was purified through
the triester (Vila, R = C2H5y).
1-Methylpentane-1,4,5-tricarboxylic acid (VIlb,
R = H) was prepared as follows. Ethyl 2-methyl-
cyclopentanone-2-carboxylate was subjected to
ring fission by treatment with a catalytic amount of
sodium ethoxide in ethanol to give diethyl 1-
methylbutane-1,4-dicarboxylate. The latter was
cyclized with sodium dust in benzene and the
product was condensed in situ with ethyl bromo-
acetate giving diethyl 5-methylcyclopentanone-2-
acetate-2-carboxylate.7 This on being subjected to

(5) E. W. Warnhoff and W. S. Johnson, J. Am. Chem.
Soc., 75, 494 (1953).

(6) K. Sen nnd P. Bagchi, J. Org. Chem., 20, 845 (1955).

(7) A E. Bradfield, E. M. Frances, A. R. Penfold, and
J. L. Simonsen, J. Chem. Soc., 1619 (1936).



AUGUST 1958

ring fission with catalytic amount of sodium
ethoxide in ethanol furnished triethyl 1-methyl-
pentane-1,4,5-tricarboxylate (VI1I,R= CZH§ which
gave I-methylpentane-1,4,5-tricarboxylic  acid
(VIIb,R = H) on hydrolysis with the concentrated
hydrochloric acid.

EXPERIMENTAL

(All melting points and boiling points are nncorrected).

Triethyl pentane-1,2,5-tricarboxylate (1). A. From diethyl
cyclopentanone-2-carboxylate-2-acetate.  To a solution of
sodium ethoxide (0.53 g. sodium and 15 ml. ethanol) was
added the diester (55 g.). The mixture at once became deep
wine red and heat was evolved. It was heated on a water
bath for 2 hr. To the cooled solution was added glacial acetic
acid (1 ml) and water. A nearly colorless oil separated
which gave a color reaction with ethanolic ferric chloride
indicating the presence of a trace of /3-ketoester. It was
extracted with benzene and the benzene layer was washed
thoroughly with 5% sodium hydroxide solution and then
with water. After removing benzene an oil was obtained
which distilled at 162-16375 mm. (54.2 g., 82.8%), n23
1.4373. The product did not show a ferric chloride test.

Anal. Calcd. for ChH206: C, 58.33; H, 8.33. Found:
C, 58.56; H, 8.45.

B. Unambiguous synthesis. To a solution of sodium
ethoxide (2.3 g. sodium and 40 ml. ethanol) was added
diethyl a-carbethoxysuecinate (24.6 g., b.p. 140°/7 mm.,
prepared in 65% yield from diethyl sodiomalonate and ethyl
chloroacetate) followed immediately by ethyl y-bromo-
butyrate (23 g., prepared in almost quantitative yield from
y-butyrolactone by the action of hydrogen bromide in
ethanol solution). After refluxing until neutral (18 hr.)
water was added and the precipitated oil was taken up in
ether. The ether extract was washed and dried. After
removal of ether and distillation of the residual oil, tetra-
ethyl pentane-1,2,2,5-tetracarboxylate (1V) (19 g., 50.4%)
b.p. 155°/0.4 mm. was obtained.

Anal. Calcd. for CnH208 C, 56.66; H, 7.77. Found:
C, 56.29; Il, 7.62.

The above ester (16.4 g.) and concentrated hydrochloric
acid (60 ml.) were refluxed over an oil bath for 18 hr. The
resulting clear solution was evaporated, dried, and sub-
jected to esterification with 5% ethanolic sulfuric acid (75
ml.). After addition of water the oil was extracted with
ether, washed successively with -water, saturated sodium
bicarbonate solution, and finally with water. After drying
and removal of solvent the product triethyl pentane-1,2,5-
tricarboxylate distilled at 162-163°/5 mm. (9.4 g., 72%).

Anal. Calcd. for ChH206: C, 58.33; H, 8.33. Found:
C, 58.42; H, 8.32.

Cyclization of triethyl pentane-1,2,5-tricarboxylate (1). The
triester (52 g.) was heated with sodium dust (5 g.) in benzene
(170 ml.) in a nitrogen atmosphere for 3 hr. The contents
became wine red colored, sodium being completely dissolved.
The product was decomposed with ice cold hydrochloric
acid (1:1, 60 ml.). The water layer was extracted once with
benzene and the total benzene solution was -washed thrice
with water. The solvent was removed and the product
(lla) distilled at 130-135°/3 mm. (317 g., 72.5%), n®

1.4637.

Anal. Calcd. for CiIH® 6: C, 59.5; H, 7.4. Found: C, 59.8;
H, 7.2,
Methylation of the ester (I1a). To a well cooled suspension
of sodium dust (3 g.) in benzene (175 ml.) was added the
above cyclized ester (28.7 g.) dropwise in 10 min. and the
mixture was refluxed. A deep red solution of the sodiosalt
was formed. Methyl iodide (12 ml.) was added to the solu-
tion and slow heating was continued. Sodium iodide ap-
peared within 5 min. Refluxing was continued until the solu-
tion became neutral. Water was added and the benzene
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layer was separated and washed thoroughly with water
and the solvent was removed. The product (Va) distilled
at 142-144°/3.5 mm. (24.6 g., 81%), «7 1.4567.

Anal. Calcd. for CiHZ06: C, 60.94; H, 7.81. Found:
C, 61.28; H, 7.84.

Hydrolysis of the ester (Va). The above ester (3 g.) was
boiled with 25% hydrochloric acid (75 ml.) for 21 hr. over
an oil bath. The contents were filtered and the filtrate
evaporated. The residue was subjected to evaporative dis-
tillation at 165-17071.5 mm. An oil was deposited which
solidified to a hygroscopic solid m.p. 97°. Mixed melting
point with an authentic sample of 2-methylcyclohexanone-
3-carboxylic acid gave no depression. Semicarbazone m.p.
204° (lit.4 204°). The 2,4-dinitrophenylhydrazone, m.p.
209°, was crystallized twice from alcohol.

Anal. Calcd. for Ci-tHieOeNu N, 16.66. Found: N, 16.48.

Ring fission of the ester (Va). The ester (24.1 g.) was
treated with an ice cold solution of sodium ethoxide (0.216
g. sodium and 7 ml. ethanol). The product was isolated
in the usual way and distilled at 146°/0.6 mm. (27.7 g,
97.5%), »7 1.4358.

Anal. Calcd. for Ci5SH® 6. C, 59.60; H, 8.61. Found:
C, 59.60; H, 8.24.

The above ester (5 g.) was hydrolyzed with concentrated
hydrochloric acid (30 ml.) for 40 hr. The oily acid initially
obtained on trituration with dioxane gave a solid which
crystallized from ethyl acetate, m.p. 145°. Mixed m.p. with
authentic I-methylpentane-l,2,5-tricarboxylic acid (Vila,
R =H) showed no depression.

Anal. Calcd. for COHM 6 C, 49.54; H, 6.42. Found:
C, 49.61; H, 6.91.

Triethyl 1-methylpentane-1,4,5-tricarboxylate (VIIb, R =
CHD5. Diethyl 5-methylcyclopentanone-2-acetate-2-car-
boxylate (23 g.) was treated with ice cold sodium ethoxide
(0.21 g. sodium and 8.2 ml. ethanol) and the product was
isolated in the usual manner. It distilled at 166-168°/2 mm.
(21.2 g., 78.1%), n7 1.4348.

Anal. Calcd. for Ci5SH® 6. C, 59.60; H, 8.61. Found:
C, 59.94; H, 8.20.

The above ester (5 g.) was hydrolyzed with concentrated
hydrochloric acid (50 ml.) for 25 hr. 1-Methylpentane-
1,4,5-tricarboxylic acid (VIlIb, R = H) was crystallized
from glacial acetic acid m.p. 97°.

Anal. Calcd. for CHii06 C, 49.54; H, 6.42. Found: C,
49.64; H, 6.65.

Ethyl I-methyl-1,2,5-tricyanopentane-2-carboxylate (X). To
an ice cold solution of sodium ethoxide prepared from
sodium (2.73 g.) and ethanol (42 ml.) was added ethyl a,p-
dicyanobutyrate (18.6 g.). Instantaneously a thick reddish
solution was formed and the mixture was kept in ice cold
water for 10 min. y-Bromobutyronitrile (18.3 g.) was added
and the mixture was refluxed for 22 hr. until it became
neutral to litmus. Water was then added and the separated
oil was taken up in benzene. After washing the benzene solu-
tion with water the solvent was removed and the residual
oil was distilled at 224-228°/4 mm. (17.9 g., 68.9%), n7I
1.4593.

Anal. Calcd. for CiIHBN 2 C, 61.80; H, 6.43. Found:
C, 61.48; H, 6.50.

Triethyl 1-methylpentane-l,2,5-tricarboxylate (Vila, R =
CHD5). The trinitrile (X, 20 g.) was refluxed with concen-
trated hydrochloric acid (150 ml.) for 24 hr. The solution was
evaporated over a water bath and extracted with ether. The
ether solution was dried and the solvent was removed. The
crude residual oil was dried carefully under vacuum and was
refluxed with a mixture of ethanol (60 ml.) and concentrated
sulfuric acid (8 ml.) for 34 hr. Water was added and the
precipitated oil was extracted with ether. The ethereal solu-
tion was washed with sodium bicarbonate solution, dried,
and evaporated. The residual oil distilled at 162-164°/3.5
mm. (15.1 g., 58.2%), «7 1-4358.

Anal. Calcd. for Ci5SH® 6. C, 59.60; H, 8.61. Found:
C, 59.59; H, 8.34.
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The above ester (5 g.) was hydrolyzed to 1-methyl-
pentane-1,2,5-tricarboxylic acid (Vila, R = H) by boiling
with 60 ml. concentrated hydrochloric acid for 30 hr. The
solution on evaporation produced an oil which solidified on
keeping for some days and was finally crystallized twice from
ethyl acetate, m.p. 145°.

Anal. Calcd. for COHM 6; C, 49.54; H, 6.42. Found: C,
49.61; H, 6.91.

2-MetKyl-S-cyanocyclohexannne (I1X). To an ethanolic
solution of 2-methyl-2-cyciohexenone (16.7 g.) in a tliree
necked flask fitted with a stirrer, a solution of sodium
cyanide (6.4 g.) in water (20 ml.) was added with stirring.
A reddish color developed which gradually intensified to
wine red coloration. A slight rise in temperature was ob-
served. After about 0.5 hr. a mixture of concentrated hydro-
chloric acid (6.9 ml.) and water (15 ml.) was added to this
solution during 40 min., whereupon a light yellow oil
separated. It was poured into a mixture cf coned, hydro-
chloric acid (15 ml.) and water (200 ml.) and the oil was
extracted with ether. The ether solution was dried and
evaporated and the residual oil was distilled at 120°/3.5
mm. (5.2 g,, 25%), nE 1.46609.
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Anal. Calcd. for C,HuNO: C, 70.07; Il, 8.03. Found: C,
69.55; H, 8.36.

2-Mcthylcyclohexannnc-S-carboxylic acid (Via). The above
nitrile (IX, 2.5 g.) was boiled first with coned, hydro-
chloric acid and then with a 20% solution of potassium
hydroxide at 150-160° for 20 hr. The resultant solution was
acidified and then extracted with ether. The ethereal solu-
tion after drying and evaporation gave an oil which on
sublimation at 167°/0.2 mm. produced a solid acid, m.p.
97° (lit.* m.p. 97°).

The dinitrophenylhvdrazone, crystallized from ethanol,
m.p. 210°.

Anal. Calcd. for CuH1N406 N, 16.66. Found: N, 16.48.
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Products identified from the reaction of AFbromosuccinimide with dihydropyran were 3-bromo-5,6-dihydro-4/f-pyran,
2,3-dibromotetrahydropyran, and both geometrical isomers of 2-suceinimidyl-3-bromotetrahydropyran. A polar mechanism
is indicated in which a positive bromine from X-bromosuceinimide first adds at the 3-position of dihydropyran to form a
reactive intermediate which can either lose a proton or add a negative group to give the observed products. A small ac-
celeration of rate in the presence of oxygen or peroxide suggests that a free-radical reaction is also involved to some extent.
Xo product of direct alpha methvlenic substitution on dihydropyran was obtained. The polarizing effect of the oxygen

alpha to the double bond is considered to increase the nucleophilic character and thus favor a polar mechanism.

Ar-Br3mosucciniinide can undergo either a
homolytic dissociation to free radicals or a hetero-
lytic dissociation to give a positive halogen. The
reaction most often observed with this reagent and
simple olefinslis an alpha substitution of bromine
by a free-radical mechanism. In addition to these
allylic brominations, there have been a number of
examples of addition to the double bond. In some
cases2where reactions were accelerated by peroxides,
the addition would appear to proceed by a free-
radical mechanism.'Other examples are reported
where addition leading to the corresponding di-
bromide is promoted by the presence of inorganic
salts34 and alkyl ammonium salts.4 Bailey and
Bello3 report that whereas A'-bromosuccinimide
brominates crotonitrilein the allylic position, allylic
bromination is inhibited by an electron-withdrawing
group attached directly to the alpha carbon.

(1) M. S. Ixharasch, R. Malcc, and N. C. Yang, J. Org.
Chem., 22, 1443 (1957).

(2) P. L. Southwick, L. A. Pursglove, ard P. Xumerof,
J. Am. Chem. Soc., 72, 1600, 1604 (1950).

(3) W. J. Bailev and J. Bello, J. Org. Chem., 20, 525
(1955).

(4) E. A Braude and E. S. Waight, J. Chem. Soc., 116
(1952).

The presence of an electron-releasing group adja-
cent to a double bond should increase the tendency
toward reaction by a polar mechanism with an
electrophyllic reagent such as a positive halogen.
Dihydropyran was selected for study as an example
of such a compound which also contains an alpha
methylene group. The object of the investigation
was thus to see whether W-bromosuccinimide would
react with this compound to give allylic bromina-
tion by a free-radical mechanism or attack on the
double bond by a polar mechanism.

Previous studies of the reaction of V-bromosue-
cinimide with dihydropyran (1) have been re-
ported to yield tars5and an addition product, 2-
succinimidyl-3-bromotetrahydropyran V1.6

Discussion. A-Brornosuccinimide reacted with |
to give a mixture of products which appeared as a
very viscous, clear residue when solvent was re-
moved. Attempts to distil the products gave only
small amounts of | and a mixture of 3-bromo-5,(j-
dihydro-4/7-pyran (II) and 2,3-dibromotetrahy-

(5) C. D. Hurd, J. Moffat, and L. R osnati,Am. Chem.
Soc., 77, 2793 (1955).
( (6))R. Paul and S. Tchelitcheff, Compi, rend., 236, 1968
1953).
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dropyran (IV), before rapid decomposition of the
residue set in. Chromatographic separation of the
reaction mixture resulted in the isolation of the
addition product (VI).

It appeared desirable at this point to devise an
analytical scheme for quantitatively measuring
some of the products obtained. It was of particu-
lar interest to determine whether any allylic
bromination leading to the formation of the un-
known 4-bromodihydropyran (111) was obtained,
and if so in what yield.

It was found that if solutions of known concentra-
tion of | were titrated with bromine and the re-
sulting dibromide treated with silver nitrate, silver
bromide formed corresponding to 96-100% re-
placement of the bromine atom alpha to the oxygen.

Based on this observation a method of analysis
was employed which involved treating reaction
mixtures of V-bromosuccinimide and | as follows:

A . Titration with bromine, and then

B . Reaction with silver nitrate

Cc. Reaction of a second but identical run with

silver nitrate, without prior titration with
bromine

In order for this scheme to be applicable to any
system, any of the products that react must do so
quantitatively or at least nearly so. As was pre-
viously mentioned, | and IV were tested and found
to meet this requirement. When 11, prepared inde-
pendently by dehydrohalogenation of IV, was
tested, it was found neither to add bromine nor
react with silver nitrate. The behavior of Il (as
predicted by analogy with | and 1V) should include
both addition of bromine and, as a vinylogous
a-bromoether, reaction with silver nitrate. The
analytical procedure thus gives no information
about Il and involves only compounds I, 111, 1V,
and a dibromodihydropyran (V) which was in-
cluded on the basis of the report by Paul and
Tchelitcheff6that V-bromosuccinimide reacts with
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Il to give V. The reaction presumably involves
allylic attack on Il to give Va, and by rearrange-
ment of the intermediate free radical (or rearrange-
ment of Va) to form Vb. Since Il was isolated in this
study, some conversion of Il to V was considered
probable. By analogy with the observed behavior
of Il and 1V, it was expected that V would not add
bromine, but would react with silver nitrate and
would accordingly be indistinguishable in the
analysis from IV. For this reason the results given
in Table | and Table Il have compounds 1V and
V grouped together as dibromides.

TABLE |
E ffect of Benzoyl Peroxide

Benzoyl peroxide (Wt. 96) 0 1.0 3.0
Reaction time (min.)6 25.8 21.0 17.7
Dihydropyran (1)’

Millimoles'™* 0.97 1.21 1.10

% yield“ 9.7 12.1 11.0
4-Bromodihydropyran (I11)

Millimoles 0.03 -0.03 0.03

% vyield 0.3 -0.3 0.3
Dibromides (IV + V)

Millimoles 0.83 111 1.28

% vyield 17 22.2 25.6

E ffect of Oxygen

Atmosphere N- Air 02
Reaction time (min.)' 38.4 33.0 315
Dihydropyran (1)

Millimoles* 0.97 1.20 1.23

% yield” 9.7 12.0 12.3
4-Bromodihydropyran (HI)

Millimoles 0.13 0.04 0.00

% vyield 13 0.4 0.0
Dibromides (IV + V)

Millimoles 0.57 0.76 0.87

% vyield n 15 17

“Based on V-bromosuceinimide. 6Average of 4 runs
(£1.5 min.); time required for disappearance of the last
particles of NBS. 'Unreacted I, corrected for excess initially
present. ~Ten millimoles of JV-bromosuccinimide was used
in all reactions. 'Average of 2 runs (1.7 min.); time
required for disappearance of last particles of NBS.

The method of calculation follows:

(a) The equivalents of bromine (A) which added
to the reaction mixture correspond to the equiva-
lents of I and 11, i.e.,

A=1+ 11l @)

(6) The equivalents of silver bromide (B)
formed by subsequent reaction of the mixture with
silver nitrate correspond to the sum of the equiva-
lents of I, 111, 1V, and V. (I and Il are included
since addition of bromine converts them to the a-
bromoethers 1V and VII.)

B=T+ Il + IV+V %)
() The equivalents of silver bromide (C)
formed by reaction of a second reaction mixture

with silver nitrate correspond to the sum of the
equivalents of 111, 1V, and V.

C=1I+IV+V ®)
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By grouping IV and V together as dibromides,
simultaneous solutions of equations (1), (2), and
(3) gave the results shown in Table | for a series of
reactions intended to investigate the possible ef-
fect of peroxide and of oxygen on the reaction.
In all these reactions a 25% excess of | was em-
ployed: however, this was subtracted from the
calculated amount of unreacted I. The results in
Table | show that in the absence of peroxide 0.83
mil. of dibromide was obtained and that 0.97 mM.
of I was left in excess. Since the formation of a
dibromide requires two moles of N-bromosuccini-
mide tc react with one mole of I, then for every mole
of dibromide formed there should be one mole of
unreacted dihydropyran. The close agreement be-
tween the yield of dibromide obtained by analysis
and amount of unreacted | may be considered as
supporting evidence for the validity of the method
of analysis. In all cases the calculated yield of 111
was essentially zero, but there was a small accelera-
tion of the reaction rate in the presence of peroxide.
The increased rate of formation of dibromide in the
presence of peroxide could have resulted in part
from radical attack on Il to form Vb.

Similar results were observed with oxygen as
shown in Table I. In the absence of oxygen an 11%
yield of dibromide was obtained which was in-
creased to 17% in an oxygen atmosphere. There ap-
pears to be little tendency toward allylic bromina-
tion of I to form I11 even in the presence of oxygen
or peroxides.

The major products obtained from the reaction
of iV-bromosuccinimide with I, as demonstrated
by actual isolation and identification, are the sub-
stitution product Il (8% based on N-bromosuc-
cinimide) and the addition product VI (7%). The
dibromide IV was isolated in lesser amount (2.5%)
and isolation of succinimide formed in the reaction
accounted for 12.5% of the iV-bromosuccinimide
used. The following reaction scheme accounts for
the formation of the major products by a polar
mechanism:

VI
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The formation of dibromide 1V by a polar mech-
anism is more difficult to explain although a mech-
anism has been proposed by Braude and Waight.4
The by-product positive and negative succinimide
groups are considered to unite, followed by homo-
Iytic cleavage and abstraction of hydrogen from
solvent or reactants to form succinimide.

The formation of Il at least in part by the de-
hydrohalogenation of IV in the process of isolation
must be recognized as a possibility, even though the
distillation was carried out at reduced pressure and
undecomposed 1V was obtained in the same distil-
late. Even if the formation of |1 could be accounted
for in this way, the formation of VI as a coproduct
would still provide strong support for a mechanism
in which initial attack involves addition of a posi-
tive halogen at the double bond.

Paul and Tchelitcheff6é presented evidence which
indicated that the reaction of iV-bromosuccinimide
with I resulted in addition to give VI. Their evidence
was based on the fact that refluxing the reaction
mixture with absolute ethanol led to 2-ethoxy-3-
bromotetrahydropyran and succinimide, and ac-
cordingly they formulated the reaction as:

H

VI

In the present investigation the product of the
initial reaction of I with N-bromosuccinimide was
filtered to remove succinimide formed in the re-
action, stripped of solvent, and then refluxed with
ethanol to give a 17% yield of VIII and 13% of
succinimide. When pure VI was similarly refluxed
with ethanol, it was recovered unchanged with no
evidence of any formation of succinimide. The ob-
served difference in behavior between the crude
mixture and pure VI has not been explained.
It may be that some polar component of the re-
action mixture catalyzes the reaction with VI.

The isolation of VI was accomplished by chro-
matographic separation of the reaction mixture.
The first crystals were isolated when one of the
fractions, which deposited a gummy residue on
removal of eluent, formed crude crystals on standing
for several days. Recrystallization from water gave
Via melting at 84.5-86.0°. When the procedure was
repeated on a larger sample, a higher melting
(m.p.130-130.5°) product (VIb) was obtained (in
addition to Via) which appeared to be the geo-
metrical isomer of the lower melting product.
No determination of absolute configuration was
attempted. The identification of these products as
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isomers was based on the similarity of their in-
frared spectra, elemental analysis, and conversion
to the same 2,4-dinitrophenylosazone.

Woods and Temin7found that 2-ethoxy-3-bromo-
A3dihydropyran gave a 2,4 dinitrophenylhydrazone
derivative of 2-bromo-5-hydroxy-2-pentenal. The
formation of this derivative involves ring cleavage
of the dihydropyran ring with elimination of the
ethoxyl group. It was found inthe present work that
under similar conditions 2-ethoxy-3-bromotetra-
hydropyran (VI1I1) lost both the ethoxyl group
and bromine to form the 2,4-dinitrophenylosazone
of 2,5-dihydroxypentanal. Hurd and Kelso8 ob-
tained the same osazone from tetrahydropyran-
2,3-diol.

The conversion of both Via and VIb to this same
osazone established the positions of the succini-
midvl group and bromine in the 2- and 3-positions,
since the formation of this osazone from VI re-
sulted in displacement of both the succinimidyl
group and bromine. It was further found that VI
did not react with silver nitrate, whereas 2,3-di-
bromotetrahydropyran (IV) as an a-bromoether
forms silver bromide with silver nitrate. The
bromine in VI must, therefore, be in the 3-position
and the succinimidyl group must be in the 2-
position, rather than the reverse.

It was of interest, in connection with this work,
to learn that Hurd, Moffat, and Rosnati6on treat-
ing V-bromophthalimide with | isolated an 83.5%
yield of 1:1 addition product. They proposed the
product to be either 2-bromo-3-phthalimidotetra-
hydropyran formed by free-radical attack, or
2-phthalimido-3-bromotetrahydropyran, resulting
from an ionic reaction. The fact that they obtained
no replacement of bromine on shaking the product
with silver acetate in acetic acid for one week seems
inconsistent with a structure including an a-
bromoether, even though the product dissolved
slowly in hot dilute alkali with liberation of halide.
By analogy to the results of the present study the
product they isolated probably was 3-bromo-2-
phthalimidotetrahydropyran formed by an ionic
mechanism.

Reaction of V-bromosuccinimide with 1 in
absolute ethanol proceeded rapidly and smoothly
to give a 58% vyield of 2-ethoxy-3-bromotetrahy-
dropyran (VII1). Similarly, when the reaction was
conducted in glacial acetic acid, a 76% vyield of
2-acerloxy-3-bromotetrahydropyran (I1X) was ob-
tained. Other examples of this general type have
been reported in the literature, e.g., V-bromosuc-
cinimide and 1-ethoxybutadiene have been re-
ported9 as leading to 64% a-bromocrotonaldehyde
diethyl acetal. These reactions of V-bromosuc-
cinimide apparently proceed by an ionic mecha-

(7) G. Woods and S. Temin, J. Am. Chem. Soc., 72, 139
(1950).

() C. D. Hurd and C. D. Kelso, J. Am. Chem. Soc., 70,
1484 (1948).
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nism involving heterolytic cleavage of VV-bromosuc-
cinimide to give positive bromine.9

It is evident that VV-bromosuccinimide can react
by either a polar or a free-radical mechanism de-
pending upon reaction conditions and the nature
of the other reactant. Dihydropyran has an alpha
methylene available for allylic bromination, but the
polarizing effect of the oxygen alpha to the double
bond apparently increases the nucleophilic character
so that a polar reaction with the positive bromine
available from V-bromosuccinimide predominates.
The reaction appears to proceed by initial attach-
ment of the positive halogen at the 3-position of
dihydropyran with subsequent loss of hydrogen or
combination with a negative group.

EXPERIMENTAL

&  ,3-Dibromotetrahydropyran
(16.8 g., 0.2 mole) in 50 ml. of carbon tetrachloride, im-
mersed in an ice bath, was added dropwise and with stirring
10 ml. of bromine in 50 ml. of carbon tetrachloride. Bromine
addition was stopped when the bromine color persisted and
then one drop of | was added to react with the excess
bromine. A sample of this solution was used to record the
infrared spectrum of IV in carbon tetrachloride solution.
The remaining solution was used to prepare II.

S-Bromo-5,6-dihydro-"H-pyran (Il). To the above solu-
tion was added 150 ml. of pyridine (a highly exothermic
reaction resulted) and most of the carbon tetrachloride was
then removed by distillation. When the temperature of the
distillate reached 90°, the distillation was stopped and the
residue refluxed overnight (16 hr.). After cooling, the solu-
tion was decanted into a separatory funnel with .00 ml. of
water. The organic layer was separated and washed with
several portions of 0.5V hydrochloric acid until all the
pyridine was removed, and then with a solution of sodium
bicarbonate and finally with water until neutral to litmus.
The organic layer was separated, dried over anhydrous mag-
nesium sulfate and distilled through a short packed column
to give 2.1 g. (16%) of 11 +t083.5-84°, nZ 1.5068, ch 1.533.
The literaturew gives b, 63°, »» 151194, d\l 1.54.

Anal. Calcd. for CsH,OBr: C, 36.84; H, 4.33; Br, 49.0.
Pound: C, 36.73; H, 4.92; Br, 48.3.

To test the reactivity of Il with bromine and silver
nitrate, a sample (153.5 mg.) of Il was accurately weighed
out and washed into an iodine flask with 50 ml. of carbon
tetrachloride. One drop (0.02 ml.) of 0.493V bromine solu-
tion added to the solution of I was not decolorized. One
drop of | was added to decolorize the solution which was
then shaken with silver nitrate solution to give 6.9 mg. of
silver bromide. Correcting for the bromine that was added,
this corresponded to 0.03 meq. of silver bromide or 3%
replacement of the bromine of II.

Standardization of bromine solution. An 0.5V solution of
bromine was prepared by diluting 13 ml. of bromine to one
liter with carbon tetrachloride. This solution was stand-
ardized against an exactly 0.2500V solution of | in carbon
tetrachloride.

For the titration, an aliquot sample (5-20 ml.) of the solu-
tion of | was pipetted into a 125-ml. iodine flask and diluted
to a total volume of 50-60 ml. with carbon tetrachloride.
The end point was taken as the point at which the bromine
color persisted for » min.

(9) W. Flaig, Report No. 52025, Office of the Publica-
tion Board, U. S. Dept, of Commerce; Chem. Abstr., 41,
6189 (1947).

(10) R. Paul, Compt. rend., 198, 275 (1934).

(IV). To a solution of I
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Reactions with silver nitrate. To the resultant solution
from the above reaction was added 25 ml. of an aqueous
alcoholic solution of 0.25M silver nitrate and the resultant
mixture immediately placed on a wrist action shaker for 2o
min. The precipitated silver bromide was filtered through a
medium grade fritted glass funnel and washed with alter-
nate portions of water and ethanol and dried in an oven at
90-100° to constant weight.

The silver bromide recovered was found to be equivalent
in millimoles to 96-100% of the dihydropyran originally
reacted with bromine.

Reaction of N-bromosuccinimide with | in carbon tetra-
chloride. Fifty ml. of an 0.2500A7 solution of | in carbon
tetrachloride and 1.780 g. (0.01 mole) of V-bromosuccin-
imide were combined in a 100 ml. round-bottom flask
equipped with a reflux condenser and drying tube and re-
fluxed in a bath of boiling water. At the completion of the
reaction, the flask was removed from the bath and allowed
to cool to room temperature. The reaction time was meas-
ured as the interval between the falling of the first drop
from the condenser and the disappearance of the last par-
ticles of iV-bromosuccinimide.

This reaction was also conducted under a nitrogen atmos-
phere by passing a slow stream of nitrogen into the reaction
vessel. The nitrogen was dried by bubbling through concen-
trated sulfuric acid followed by a drying tube filled with
anhydrous calcium sulfate. The reaction was conducted
under an oxygen atmosphere in a similar manner.

At the completion of the reaction a completely homo-
geneous, colorless to pale yellow solution was obtained.
Succinimide gradually separated out as the solution was
allowed to cool to room temperature.

Succinimide was identified by melting point (123-124°)
mixture melting point and infrared spectrum.

Composition of the reaction mixture. Two reactions of N-
bromosuccinimide and | were conducted simultaneously.
After cooling to room temperature one of the mixtures was
titrated with bromine (A), and then with silver nitrate
(B). The second cooled mixture was treated directly with
silver nitrate (0). The amount of bromine consumed (A)
was taken as equivalent to the sum of unreacted | and of any
111 formed in the reaction. The silver bromide subsequently
formed (B) was taken as equivalent to the amount of un-
reacted I, 111, 1V, and V. The amount of silver bromide (C)
was taken as equivalent to the sum of I11, IV, and V.

Isolation of reaction products. W-Bromosuccinimide (17.8
g., 0.100 mole) and 500 ml. of a 0.2500ili solution of I in
carbon tetrachloride were allowed to react and the cooled
solution was stripped of | and carbon tetrachloride under
reduced pressure. The distillate, collected in a flask im-
mersed in an ice bath and followed by a Dry Ice-acetone
trap, was titrated with bromine and found to contain 0.033
mole of | (s % unreacted | based on V-bromosuccinimide).

The residue taken up in carbon tetrachloride and filtered
gave 1.23 g. (12.5%) succinimide. The filtrate was distilled
free of solvent and then distilled at ca. 5-mm. pressure while
gradually increasing the pot temperature (the pot was im-
mersed in a water bath) until the residue started to darken
and resinify. The distillate amounted to 1.54 g. of a clear,
colorless liquid with 1.5138. By infrared analysis involv-
ing comparison with knowm samples, the distillate was
shown to be a mixture of Il and IV. The amount of IV
was found to be 0.29 g. (2.4% vyield based on V-bromo-
suecinimide) by reaction of the mixture with silver nitrate.
The amount of Il was calculated, by difference, as 1.25 g.
(7.6% yield). The mixture did not add bromine.

Isolation of 3-succinimidyl-S-bromotctrahydropyran (V1).
AVBromosuccinimide (1.78 g.) and | (1.05 g.) in 50 ml. of
carbon tetrachloride were allowed to react in the usual
manner. The cooled mixture was washed with water to
remove succinimide, dried over magnesium sulfate, and
passed through a column (50 X 2 c¢cm.) of aluminum oxide.
The column was eluted with 100 ml. of carbon tetrachloride
and 100 ml. of chloroform and then three .00-ml. portions
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of chloroform. These last three portions extracted with
hot water cooled and seeded gave 115 mg. (4.4%) of Via
m.p. 83-84°. The first seed crystals were obtained by chro-
matographic separation of the mixture and formed when
the percolate stripped of solvent was allowed to stand for
several days. Seeding was frequently, but not alwaj's,
necessarj’ to obtain crystallization.

In a subsequent experiment 9.8 g. of AFbromosuccinimide
and 6.3 g. of | in 125 ml. of carbon tetrachloride were re-
acted. Succinimide (0.71 g., 13%) was filtered off and the
filtrate chromatographed on an aluminum oxide column
(10 X 4.5 cm.). The column was eluted with 600 ml. of
carbon tetrachloride, 900 ml. of 50/50 chloroform-carbon
tetrachloride and finally 150 ml. of chloroform, and collected
in 10 fractions as follows: fraction 1, 175 ml.; fractions 2-8,
150 ml. each; fraction 9, 300 ml.; fraction 10, drained the
column. Each fraction was stripped of solvent and extracted
with hot w-ater to give VI as follows:

Fractions 1 and 2—no crystals
Fraction 3—94 mg., m.p. 84.5-87.5°
Fraction 4—154 mg., m.p. 84.5-87°
Fraction 5—138 mg., m.p. 84—86.5°
Fraction s—94 mg., m.p. 83-85.5°
Fraction 7—129 mg., m.p. 127.5-130°
Fractions s to 10—no crystals

Spectrum analysis and mixture melting points showed
fractions 3-6 to be the same. The spectrum of fraction 7
indicated it to be an isomer of the preceding product. This
was later confirmed by analysis and conversion to the same
2,4-dinitrophenylosazone.

The crude products from fractions 3-6 were combined
and taken up in hot water, and 95% ethanol was added
dropwise to the cooled solution until a clear solution was
obtained. The solution on seeding deposited Via, m.p.
84-85°. The crude product from fraction 7, recrystallized
from water gave VIb, m.p. 130-130.5°.

Anal. Calcd. for CsHi-:BrNOs: C, 41.24; 1l, 4.62; Br, 30.5;
N, 5.35. Found (Via): C, 41.33; H, 4.41; Br, 30.4; N, 5.30.
Found (VIb): C, 41.23; H, 4.37; Br, 30.6; N, 5.35.

The residues from fractions 3-6 were again extracted
wdth hot water to give 415 mg. of additional crude Via,
m.p. 82-83.5°. The total yield of VI amounted to 1.02 g.
(7.1%) of which 0.89 g. (6.2%) was Via and 0.13 g. (0.9%)
was VIb.

Synthesis of 2-ethoxy-S-bromoletrahydropyran (V111). To
a mixture of V-bromosuccinimide (17.8 g., 0.1 mole) and 58
ml. of absolute ethanol, compound I (10.5 g., 0.125 mole)
was added dropwise with stirring. After the V-bromosue-
cinimide was completely consumed, the succinimide was
filtered off and most of the excess ethanol removed from the
filtrate, under the reduced pressure of a water pump, causing
the separation of more succinimide. The residue filtered and
distilled gave 13.3 g. (58%) of VIII. On redistillation, the
product was collected b 61-62.5°, ress 1.4750, d-s 1.365.
The literatureu reports bis 94-96°, n 1.4752.

Anal. Calcd. for C-HsBr02: C, 40.21; H, 6.27; Br, 38.2.
Found: C, 40.54; H, 6.42; Br, 38.7.

Sijnthesis of 2-acetoxy-S-bromotetrahydropyran (1X). To
a mixture of V-bromosuccinimide (89.0 g., 0.5 mole) and
290 ml. of acetic acid in an ice bath, compound | (52,5 g.,
O. 625 mole) was added dropwise and with stirring. When the
addition was completed a clear, colorless solution was ob-
tained which was washed with a solution of sodium bicar-
bonate, extracted with ether, and washed with water until
neutral to litmus. The extract, dried over magnesium sulfate
and distilled free of ether, gave 84.7 g. (76% theor.) of crude
IX. The crude product was twice distilled and the middle
fraction, bo-s 82°, collected. Analysis of the product col-8

(11) G. F. Woods and Il. Sanders, J. Am. Chem. Soc.,
ss, 2483 (1946).
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lected indicated it was still somewhat impure. The litera-
ture:. reports b. 60-75°.

2,4-Dinitrophenylosazone. 2,4-Dinitrophenylhydrazine (0.1
g.), 5 ml. of 95% ethanol, 1 ml. of water and 0.5 ml. of con-
centrated hydrochloric acid were heated on a steam cone
until complete solution was obtained and then ca. ... g.
of VIII was added. The osazone derivative started pre-
cipitating in about 5-10 min., but heating was continued
until no more precipitate formed. The precipitate filtered,
and recrystallized from ethanol-ethyl acetate and ethanol
gave bright orange crystals, m.p. 240-241° (dec.). The
literature reports m.p. 235-236° (dec,:: and m.p. 242°.8

Anal. Calcd.: C, 42.86; H, 3.39; N, 23.52. Found: C,
42.94; H, 3.25; N, 22.76.

The same procedure repeated with IV, VI, and IX gave
the same derivative as shown by melting point and mixture
melting point.

Reaction of ethanol with products of reaction of N-bromo-
succinimide with I. V-Bromosuccinimide was treated with |
(2.05 g.) in 50 ml. of carbon tetrachloride as previously
described. The reaction mixture was cooled and 134 mg. of
succinimide (13.5 %) filtered off. The filtrate was stripped
of solvent and the residue refluxed overnight with 25 ml. of

(12) J. G. M. Brenner and D. G. Jones, Brit. Patent
605,107 (1948).

(13) S. Swadesh and A. P. Dunlop, J. Org. Chem., 14,
692 (1949).
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absolute ethanol. Ethanol was removed by distillation and
the residue extracted with carbon tetrachloride and water.
The carbon tetrachloride layer dried over magnesium sulfate
and distilled gave 0.36 g. (17%) of VIII, b~ 51-54°, n2B
1.4710. The product was confirmed as V111 by comparison
of its infrared spectrum with the product obtained from the
reaction of V-bromosuccinimide with | in ethanol.

The water extract, distilled free of water and crystallized
from 95% ethanol gave 121 mg. (13%) succinimide.

Reaction of ethanol with VI. Five ml. of absolute ethanol
and 6.3 mg. of VTb were combined and refluxed overnight.
The mixture was distilled free of most of solvent and then
poured into an evaporating dish. The air dried residue taken
up in 95% ethanol and chilled gave VIb, m.p. 127-129°.
Identification was based on the melting point and compari-
s_or|1 of the infrared spectrum with that of the starting mate-
rial.

The same procedure repeated with Via gave similar
recovery of only starting material when the residue was
crystallized from aqueous ethanol.

Acknowledgment. The authors wish to thank
the Lubrizol Corp. for the fellowship grant which
made this study possible. The work reported
here is taken from the Ph.D. thesis of Cataldo
Cialdella.

Cleveland 6, Ohio
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Selective Sulfonation of Amino Groups in Amino Alcohols

DONALD T. WARNER and

LESTER L. COLEMAN

Received January 17, 1958

The use of the pyridine-sulfur trioxide complex as a sulfonating reagent for amino alcohols has been investigated in an
aqueous alkaline medium. Under these conditions, the reagent selectively sulfonates the amino group. The reaction is
applicable to insoluble or soluble amino alcohols, and has also been applied to the hydroxyamino acid, serine.

The discovery of sulfonated amino groups in
heparin,2a naturally occurring sulfated polysac-
charide having alternating glucosamine and glu-
curonic acid units, has stimulated considerable
interest in the preparation of synthetic compounds
having similar constituents. For the preparation
of such sulfated polysaccharides, one of the starting
materials has been chitosan, the polyglucosamine
which is readily obtained by alkaline hydrolysis of
chitin, a naturally occurring polyacetylglucos-
arnine present in crab shells.

In our earlier work with chitosan2 we reported
the sulfation of this polyglucosamine as a hetero-
geneous phase with liquid sulfur dioxide-sulfur
trioxide. In this system the reaction of the amino
groups was not complete, and the yields of product

(1) (a) J. E. Jorpes, H. Bostrom, and V. Mutt, J. Biol.
Chem., 183, 607 (1950). (b) K. H. Meyer and D. E.
Schwartz, Helv. Chim. Acta, 33, 1651 (1950).

(2) L. L. Coleman, L. P. McCarty, D. T. Warner, R. F.
Willy, and J. H. Flokstra, presented before the Division of
Medicinal Chemistry of the American Chemical Society,
Los Angeles, Calif.,, March 1953; see Abstracts of Papers,
123rd Meeting, p. 19 L.

were variable because of the heterogeneous re-
action medium. Doczi3and coworkers reported the
preparation of sulfated chitosans having a high
degree of sulfonation on the amino group, although
the details of their procedure were not disclosed.
Wolfrom4balso obtained an 1V-sulfated-O-sulfated
chitosan by the use of chlorosulfonic acid and
pyridine in a heterogeneous system.

In attempting to obtain improved yields of
sulfated chitosans having a high degree of fV-sul-
fonation, we have studied a number of sulfonation
systems. From these experiments, a method has
been obtained for the selective sulfonation of amino
groups in the presence of hydroxyl groups which
now appears to be a reaction of general application.
The procedure makes use of a well-known reagent,
the pyridine-sulfur trioxide complex,6 which has
been previously reacted with both amines and

(3) J. Doczi, A. Fischman, and J. A. King, J. Am. Chem.
Soc., 75, 1512 (1953).

(4) M. E. Wolfrom, T. M. Shen, and C. G. Summers,
J. Am. Chem. Soc., 75, 1519 (1953).

(5) P. Baumgarten, Ber., 59, 1976 (1926).
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alcohols. However, when it is utilized in an aqueous
medium under mild alkaline conditions (pH 9-10),
pyridine-sulfur trioxide has been found to sulfonate
the amino group exclusively in all of the amino al-
cohols we have tested.

The reaction of pyridine-sulfur trioxide in
aqueous alkaline medium is useful with insoluble
or soluole amino alcohols. In fact our first applica-
tion of the process was to the .VV-sulfonation of the
insoluble polyglucosamine, chitosan. An aqueous
suspension of chitosan at pH 9-10 was stirred at
room temperature while small portions of pyridine-
sulfur trioxide were added together with dilute
sodium hydroxide to maintain the alkalinity.6
Under these mild conditions the insoluble chitosan
was readily converted to the sodium salt of the
soluble iV-sulfochitosan; and as the reaction pro-
ceeded. the product dissolved in the aqueous me-
dium so that a fresh surface for reaction was con-
tinually exposed on the remaining insoluble par-
ticles. When approximately 50% of the amino
groups had reacted the solid phase had disap-
peared ; and by continuing the addition of the pyr-
idine-sulfur trioxide at pH 9-10, a nearly quanti-
tative conversion of chitosan to iV-sulfochitosan
was obtained.

The resulting product contained one sulfamate
group for each hexosamine unit, uniformly
distributed throughout the polysaccharide chain;
and it could be precipitated as a finely divided
amorphous powder from a 1% salt solution with 2
volumes of ethanol. The .V-sulfochitosan has no
detectable in vivo orin vitro anticoagulant activity.
However, the amorphous product is readily ob-
tained in a highly reactive particulate form, which
can be further sulfated with sulfur dioxide-sulfur
trioxide to yield iV-sulfated, O-sulfated chitosans.
The latter have considerable anticoagulant activ-
ity. An example illustrating the use of the sulfur
dioxide-sulfur trioxide procedure with iV-sulfo-
chitosan is given in the experimental section.

The selective .V-sulfonation of diethanolamine,
3-aminopropanol, and DL-serine also has been
successfully carried out with the aqueous pyridine-
sulfur trioxide system. It is interesting to note that
amino alcohols may be selectively O-sulfated with
chlorosulfonic acid in carbon tetrachloride by the
procedure of Reeves and Guthrie.7Two of the amino
alcohols used by these workers were also included
in our experiments for comparison purposes. There-
fore, it is possible to convert amino alcohols to either
iV-sulfo or O-sulfo derivatives by the proper selec-
tion of reagents.

(s ) Excess alkali should be avoided to prevent extensive
conversion of pyridine-sulfur trioxide to the red complex
described by P. Baumgarten, Ber., 59, 1166 (1926). Sodium
carbonate may also be used as the alkaline reagent.

(7) W. A. Reeves and J. D. Guthrie, J. Am. Chem. Soc.,
75, 4101 (1953).
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EXPERIMENTAL

Preparation of chitosan. Chitins (95 g.) was suspended in
about 1.5 1 of 50% sodium hydroxide, and the suspension
was refluxed for 24 hr. with stirring. After cooling, the
hydrolyzate was poured into s .. of water, and the insoluble
chitosan was allowed to settle overnight. The supernatant
liquid was discarded, and the residual solid was washed four
times by decantation with water (5-1. portions) and four
times with ethanol (500-ml. portions). The chitosan was
then washed once with benzene and dried in a vacuum
oven at 50°. The product weighed 62.8 g. (84%).

Anal. Calcd. for (CeHnCbN)*: C, 44.7; H, s ss; N, 8.69;
N as —NH2 8.69; acetyl, 0.0. Found: C, 47.1; H, 7.05; N,
7.97; N, as —NH?2 8.01; acetyl, 1.31 (equivalent to about
s % of the amino groups present).

N-Sulfochitosan. A suspension of 54 g. of chitosan in 1000
ml. of water was dissolved by the addition of 30 ml. of con-
centrated hydrochloric acid. The chitosan hydrochloride
was then converted to a flocculent precipitate of free
chitosan by the gradual addition of 48 ml. of 30% sodium
hydroxide with stirring. The suspension was stirred thor-
oughly at room temperature, and pyridine-sulfur trioxide
was added to the aqueous medium in small portions. As the
pyridine-sulfur trioxide reacted, the pH of the reaction
medium was maintained in the range 9-10 by the continu-
ous slowr addition of a 30% sodium hydroxide solution. In
this way a total of about 280 g. of pyridine-sulfur trioxide
and about 465 ml. of 30% aqueous sodium hydroxide were
added over a period of about 20 hr. During the course of
the additions, the chitosan reacted completely and a clear,
light brown solution resulted. This solution was concentrated
in vacuo to about 15 1, and the concentrate was dialyzed
in cellulose casings against deionized water to remove the
sodium sulfate, pyridine, and other lower molecular weight
materials. The brown solution in the dialysis bag -was con-
centrated in vacuo to 1260 ml. and adjusted to a pH of 9-10.
Sodium chloride (12.6 g.) was dissolved in the clear solution,
and the product was precipitated as a light tan solid by the
addition of 2.5 1 of absolute ethanol. The mixture was
refrigerated overnight; and the solid was then removed by
filtration, and washed with two portions of absolute ethanol
and three portions of acetone on the filter. After drying
in vacuo at 50°, the product weighed 81.1 g. (92% vyield).

Anal. Calcd. for [(CsH100:N)SOsNa]x: C, 27.37; H, 3.82;
N, 5.32; N as -NIL, 0.0; S, 12.18. Found: C, 27.78; H,
4.05; N, 5.66, N as —NH?2 0.18, S, 12.35.

Sodium N-his{2-hydroxyethyl)sulfamate. Diethanolamine
(10.5 g.) was dissolved in 125 ml. of water (pH 10.8). This
solution was stirred at room temperature and pyridine-
sulfur trioxide was added in small portions together with
dilute sodium hydroxide to maintain the pH in the range
of 9-10. A total of 17.7 g. of pyridine-sulfur trioxide and
52 ml. of 10% sodium hydroxide were added over a period of
I. 5hr.

The reaction mixture was then concentrated in vacuo to
100 ml. to remove excess pyridine. Sodium chloride (1 g.)
was dissolved in the clear solution, and 500 ml. of absolute
ethanol was added. After refrigerating the mixture over-
night, 3.3 g. of solid was removed. This solid contained
considerable inorganic material. The filtrate was mixed with
400 ml. of acetone, and crystals began to separate. After
refrigerating the solution overnight 9.05 g. of solid -wes
removed by filtration. The silvery leaflets melted at 218-
220° on a Fisher block. The yield of pure product was 44%.

Anal. Calcd. for CiHioOsNSNa: C, 23.19; H, 4.86, N,
6.76; Na, 11.10. Found: C, 23.23; H, 5.04; N, 7.10; Na,
1. 10.

DLi-N-Sulfoserine. DL-Serine (10.2 g.) was suspended in
100 ml. of water and dissolved by the addition of 36 ml. of

(s) The chitin was obtained from Bioproducts,
Warrenton, Ore., and was ground in a Wiley mill using a
100 -mesh sieve before the deacetylation.

Ltd.,
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10 % sodium hydroxide solution to yield a clear solution with
pH 10.05. This clear solution was then reacted with 18.1 g.
of pyridine-sulfur trioxide which was added in portions over
about 3.75 hr. During this addition the pH was regulated
in the range of about 9 to 10 by the continuous addition
of 10% sodium hydroxide solution. At the end of this re-
action time, the light yellow solution was concentrated
in vacuo to 225 ml., and 525 ml. of absolute ethanol was
added to yield a slightly milky supernatant liquid and an
oily layer. The supernatant liquid was decanted and dis-
carded, and the oily layer was thoroughly mixed with
acetone and refrigerated overnight to yield 23.3 g. of solid
product. Ten grams of this solid product was heated to
boiling with 100 ml. of absolute ethanol and the milky
supernatant liquid was decanted and discarded. The residual
solid was then extracted twice with 150-ml. portions of
aqueous ethanol (60 parts ethanol and 40 parts water by
volume). These two extracts were combined, and treated
with acetone to incipient turbidity at room temperature.
After about 1 hr., a small quantity of solid material was
removed by filtration, and the clear filtrate was mixed with
an equal volume of acetone. Fluffy needle crystals separated
from the solution, and after being refrigerated overnight,

55 g. (57% vyield) of product was removed by filtration.

This material was recrystallized from an alcohol-water mix-
ture by the addition of acetone to incipient turbidity at
30°. The product was obtained as white needle crystals
by refrigeration, 2.63 g., m.p. 205.8-206.8° (with dec.).

Anal. Calcd. for the disodium salt of BL-iV-Sulfoserine,
C:Hs0:NSNa2 C, 15.73; H, 2.20; N, 6.11; N as —NH2
0.0; S, 13.99; Na, 20.08. Found: C, 15.51; H, 2.89; N, 6.27;
N as —NH?2 0.08; S, 13.82; Na, 19.45.

Sodium N-(3-hydroxypropyl)sulfamate. 3-Aminopropanol
(7.5 g.) was dissolved in 130 ml. of water to yield a solution
of pH 11.8. This solution was reacted with 12.6 g. of pyri-
dine-sulfur trioxide added in portions over a period of 2.5
hr., with sufficient 10% NaOH added gradually to maintain
a pH of about 11.3. At the end of the reaction time, the clear
straw-colored solution was concentrated in vacuo to 80 ml.,
and the inorganic salts were precipitated by the addition
of 250 ml. of absolute ethanol. After refrigeration, the
finely divided inorganic material was removed by filtration.
The filtrate yielded no further precipitate with another 50
ml. of alcohol. The reaction product, 4.46 g. (25%), was then
precipitated by the addition of 1000 ml. of acetone. The
solid was recrystallized once from hot 95% ethanol by the
addition of acetone and a second time from absolute ethanol.

Anal. Calcd. for C:H:0.NSNa: C, 20.34; H, 4.55; N, 7.91;
N as —NH2 0.0; S, 18.09; Na, 12.98. Found: C, 21.2; H,
4.9; H, 7.89; N as —NH2 0.06; S, 17.88; Na, 13.5.

O-Sulfation of N-sulfochitosan. The sodium salt of N-
sulfochitosan was prepared for the reaction with sulfur
dioxide-sulfur trioxide by sifting it through a 100-mesh
screen and allowing the solid to air-dry several days (io-
12% adsorbed moisture). The air-dried material (32.5 g.,
o.12 mole, dry basis) was placed in a flask equipped with a
stirrer, dropping funnel, and dry ice condenser, and pro-
tected from moisture with a slow stream of dry nitrogen
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passing through a sulfuric acid exit bottle. The flask was
cooled in an acetone-Dry Ice bath and dry sulfur dioxide
was condensed in the flask to a total volume of about 250
ml. Liquid sulfur trioxide (40 g., 0.5 mole) was distilled into
the dropping funnel under anhydrous conditions. The
reaction vessel was well insulated with Vermiculite and the
suspension of sodium A-sulfochitosan in liquid sulfur dioxide
was allowed to warm to gentle reflux with continuous stir-
ring. To the resulting stirred suspension in liquid sulfur
dioxide, the sulfur trioxide was added slowly over a 2o -min.
period; and the reaction was then allowed to proceed under
reflux with stirring for a total time of about « hr. The
reaction product was filtered rapidly by suction with a sin-
tered glass funnel, and washed 4 times on the filter by sus-
pending the solid in 200 -ml. portions of carbon tetrachloride.
The washed solid was added to 1.5 1 of ice-water mixture
containing 25 g. of sodium bicarbonate, and the resulting
cold solution was adjusted to pH 9 with 20% sodium
hydroxide solution. Inorganic salts were removed by di-
alysis in Yisking cellulose casing until the solution in the
casing gave a negative test for sulfate ion.s The sulfate-free
solution was concentrated under reduced pressure to 875
ml. About 8.7 g. of sodium chloride was dissolved in the
solution and the product was precipitated as a pasty solid
by the addition of 2 1 of acetone. After refrigerating over-
night, the supernatant liquid was decanted, and the pasty
solid was macerated with two portions of absolute ethanol
and two portions of acetone. After drying in a vacuum
oven at 55° the granular product weighed 52.4 g. (83%
yield). In vitro activity = 60 units (Toronto)/mg. The in
vivo activity was greater than :00% of heparin.. The
analy'ses indicated that about 75% of the hydroxyl groups
were sulfated.

Anal. Calcd. for [CiHizo N2 (S0 sNa)5x or 3 O-sulfate and
2 V-sulfate groups per anhydrodisaccharide unit: C, 17.31;
H, 2.06; N-total, 3.36; N as —NH2 0.0; S, 19.25; Na, 13.8.
Found: C, 17.74; H, 2.42; N-total, 3.19; N as —NH2
0.38 (Van Slyke) and 0.1 (titration); S, 18.32; Na, 13.9.

Acknowledgment. We wish to thank Mr. W. A
Struck and his associates for the microanalyses and
Mr. R. F. Willy for the in vitro and in vivo antico-
agulant activities.

K alamazoo, Mich.

(9) In some instances the addition of barium chloride to
the test portion yielded a precipitate of the barium salt
of the sulfated chitosan. However, this precipitate readily
dissolved in dilute sodium hydroxide, in contrast with
barium sulfate.

(10) The procedure of M.. H. Kuizenga, J. W. Nelson
and G. F. Cartland, Am. J. Physiol., 139, 612 (1943) was
used for in vitro assay. In vivo assay was made by intra-
venous injection in rabbits. The chitosan derivative and
heparin were compared on an equal weight basis as to
duration of clotting time above the twice normal level
following administration.
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Dehydrogenation of Cyclic Dienes12
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The solution formed from the reaction of lithium with ethylenediamine, which probably contains H.NCH.CH.NHLI,
is capable of rapidly and quantitatively isomerizing a terminal olefin to an internal olefin. A cyclic diene (such as 4-vinyl-
cyclohexene) is converted to the corresponding aromatic hydrocarbon, with evolution of hydrogen gas; this reaction takes
place slowly even at room temperature. The corresponding sodium compound, H.NCH:CH.NHNa, isomerizes olefinic
double bonds at a very slow rate; however it will rapidly aromatize a cyclic diene in which the double bonds are already

conjugated and in the ring.

Recent work has shown2that lithium in ethyl-
enediamine is a powerful reducing system. Many
substances, including olefins, phenols, and even
coal,3 which are difficult to reduce by chemical
means, are hydrogenated by lithium in ethylene-
diamine. It has also been observed2that incomplete
reduction of a terminal olefin by the lithium-
ethylenediamine system leads to a mixture of al-
kane and internal olefin. The present work was
therefore initiated to study the isomerization of
olefins; it has led to the discovery of an unusual low-
temperature, base-catalyzed dehydrogenation re-
action. 1

Isomerization of olefins. When metallic lithium is
added to ethylenediamine at a temperature of
80-115°, there is a rapid reaction, with evolution of
hydrogen.4*A dark blue material forms at the sur-
face of the metal; when the solution is stirred, the
color quickly spreads throughout the liquid. On
continued heating, the blue color gradually fades
and disappears, leaving a colorless or pale yellow
solution which may contain a small amount of white
solid in suspension. It seems reasonable to write;

Li + H:NCH:CH:NH, — > y:H: + H:NCH:CHNHLi
M

iV-Lithioethylenediamine, HINCfRCIRNHL. (1),
which is formed in this manner, functions as a
catalyst for the isomerization of olefins. When 1-
octene is heated with a solution of | in ethylene-
diamine, the material which is recovered (in 90%
yield) consists entirely of internal olefins. Neither

(1) Presented before the Division of Organic Chemistry
at the 129th Meeting, American Chemical Society, Dallas,
Tex., April 1956.

(2) The paper by L. Reggel, R. A. Friedel, and |. Wender,
J. Org. Chan., 22, 891 (1957), is regarded as Part | of this
series.

(3) L. Reggel, R. Raymond, S. Friedman, R. A. Friedel,
and I. Wender, Fuel, 37, 126 (1958).

(4) It has recently been observed that with some samples
of ethylenediamine, the reaction of lithium is very slow at
first. Since ethylenediamine is notoriously difficult to
purify, the difference in reaction rate may be due to some
impurity. Addition of a drop of water did not increase the
rate of the slow-reacting material. However, the solutions
ultimately obtained seem to have the same properties.

1-octene nor octane can be detected; the absence of
octane is evidence that metallic lithium is not
present in the medium, since both terminal and
internal olefins are readily reduced by lithium in
ethylenediamine.261n a similar manner, 4-methyl-
cyclohexene is isomerized to 1-methylcyclohexene.

Dehydrogenation of cyclic dienes. In view of these
results, it seemed of interest to investigate the
isomerization of a cyclic diene, in the thought that
hydrogen transfer might lead to a disproportiona-
tion.6 Accordingly, 4-vinylcyclohexene was added
to a solution of A-lithioethylenediamine (1). There
was a rapid evolution of hydrogen; the product,
obtained in 87% vyield, consisted entirely of ethyl-
benzene. This dehydrogenation reaction is ap-
parently general; d-limonene (I-methyl-4-isopro-
penylcyclohexene) and a-phellandrene (2-methyl-
5 - isopropyl - 1,3 - cyclohexadiene) both yield p-
cymene. The dehydrogenation reaction with (1)
is essentially quantitative in a few minutes at 100°;
at room temperature it is much slower, but dehy-
drogenation does take place (3.6% yield of p-
cymene from d-limonene after 1.5 hr.7

The reaction of sodium with ethylenediamine is
much slower than that of lithium. The final solu-
tion of A-sodioethylenediamine, HANCHZH2
NHNa (I1) is dark brown and quite viscous. It
might be expected that Il would have properties
similar to those of I. However, there are striking
differences. When 1-octene is treated with this solu-
tion of 1l for 6 hr., the yield of internal olefins is
2.2%; under similar conditions, | effects complete
isomerization in an hour or less. 11 will not catalyze
the conversion of d-limonene (unconjugated
double bonds) to p-cymene; however, it will de-

(5) The reaction depends in some manner upon the con-
centration of | ; 1-octene is completely isomerized by a solu-
tion which is 1.06 molar in I, but is unchanged by a solu-
tion which is 0.33 molar in 1.

(s ) Compare the conversion of d-limonene to a mixture
of p-cymene and p-menthane by palladium and platinum
catalysts; Zelinski, Ber., 57,2058(1924); Linstead, Michaelis,
and Thomas, J. Chem. Soc., 1139 (1940).

(7) The dehydrogenation, like the isomerization, depends
upon concentration; d-limonene is completely converted
to p-cymene by a solution 3.2 Molar in I, but is recovered
unchanged from a solution 0.67 Molar in I.
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hydrogenate a-phellandrene (conjugated double
bonds) to p-cymene in the same yield as does I.
Mechanism of the reactions. Although migration
of double bonds usually occurs under the influence
of acids, there are examples of base-catalyzed rear-
rangements which are similar to those reactions
reported here.8By analogy with the work of Pines,
Veseley, and Ipatieff,&the mechanism of the isom-
erization in the present case may be written:

K—CH—CH=CH: + (H:NCH:CH.NH) ; *
(R—CH—CH=CH2) + H:\'OH:CH:NH:
(R—CH—CH=CH2 > (R—CH=CH—CH2)

(R—CH=CH—CH2) + H:NCH.CH:NH. — >
R—CH=CH—CH: + (H:NCH:CH:NH)

This mechanism is inadequate, however, in
failing to consider any role of the metal ion. It does
not seem likely that the structures of the lithium
and sodium compounds are very different, or that
the high viscosity of the solution of 11 would have
so great an effect upon the rate of isomerization.
Nor is it likefy that an essential similarity between
the two is masked by solvation effects.91t should be
pointed out, however, that certain reactions in
which the anion is usually regarded as the active
reagent may actually be greatly influenced by the
cation present. Brady and Jakobovitz have dis-
cussed this problem in some detail,Dand have of-
fered explanations for several instances where the
cation affects the course of the reaction. In the
present work, no explanation can as yet be of-
fered, so that the reactions must be discussed from
the admittedly incomplete viewpoint which con-
siders only the anion.

It seems reasonable that the first step in the de-
hydrogenation of 4-vinylcyclohexene is isomeriza-
tion to the conjugated diene (Ill or isomer). This

CH=CH: CH:CHs

(8) (a) H. Pines, J. A. Veseley, and V. N. Ipatieff, J. Am.
Soc., 77, 347 (1955); (6) A. A. Morton and E. J.
Lanpher, J. Org. Chem..,, 20, 839 (1955); (c) T. L. Jacobs,
R. Akawie, and R. G. Cooper, J. Am. Chem. Soc., 73, 1273
(1951).

(9) The initial step in the isomerization as written above
involves attack of the amine anion, (H2NCHZHANH)_,
on the a-carbon of the olefin, with removal of a proton. It is
probable that the lithium cation, because of its small size,
can be solvated by only one or two solvent molecules; with
sodium, the cation is larger, so that it can coordinate several
solvent molecules. This difference may, in some manner,
decrease the concentration or availability of the (HNCH2
CHjNH)- ion when sodium is the cation present.

(10) 0. L. Brady and J. Jakobovitz, J. Chem. Soc., 767
(1950). See also H. Monta and A. V. Tobolsky, J. Am.
Chem. Soc., 79, 5853 (1957); H. F. Herbrandson and D. S.
Mooney, J. Am. Chem. Soc., 79, 5809 (1957), and references
cited therein.
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is suggested by the fact that Il will not dehydro-
genate d-limonene (where the bonds must first
be isomerized to a conjugated system), but will de-
hydrogenate a-phellandrene (where the double
bonds are already conjugated). Since the first step
in either isomerization or dehydrogenation is the
removal of a proton from a carbon atom adjacent
to a double bond, the reactions depend partly upon
the relative acidity of the active hydrogens of the
hydrocarbons (or upon the basicity of the resulting
carbanion). Both | and Il readily remove protons
from cyclic conjugated dienes, but the removal
of a less acidic proton from an unconjugated diene
by 11 must be a slow process.

The path from Il to ethylbenzene remains to
be elucidated. In analogy with the isomerization
mechanism, the first step may be the formation of
a carbanion, which is then transformed to ethyl-
benzene by loss of a hydride ion. This may take
place by elimination of a hydride ion as such, which
would then react rapidly with either efhylenedi-
arnine or with hydrocarbon I11 or another molecule
of 4-vinylcyclohexene, with formation of the cor-
responding anion and hydrogen. The bidentate
character of ethylenediamine makes it possible to
visualize a concerted reaction in which 111 and |
form a cyclic intermediate.

+ h2
H CH2
<->:N'

As this mechanism is written, the hydride ion is
never free in solution. If it were free, it might be
expected to react with other substrates present.
When a mixture of d-limonene and 4-methyl-
cyclohexene is treated with I, the products are p-
cymene and 1-methylcyclohexene. No methylcyclo-
hexane is present; thus, hydride ion has not been
transferred intermolecularly. This lends some sup-
port to the idea of the cyclic intermediate, with no
formation of free hydride ion. It should be noted,
however, that N-lithiotrimethylenediamine, H2
NCHZHZHNHLI, is also capable of isomerizing
a terminal olefin and dehydrogenating a-phel-
landrene. Thus, if the dehydrogenation does proceed
via a cyclic intermediate, the size of the ring formed
in the transition state is not critical.

This reaction is of considerable interest in that it
is a low temperature, base-catalyzed, homogeneous
chemical dehydrogenation which proceeds in very
high yield. Pines and co-workers811%Fdehydrogen-
ated d-limonene to p-cymene by sodium with a
promoter such as o-chlorotoluene; this reaction is
much slower than the lithium-ethylenediamine re-

(11) H. Pines and H. E. Eschinazi, J. Am. Chem. Soc.,
77, 6314 (1955).
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action and is carried out at a considerably higher
temperature. 2,5-Dihydrotoluene is partly con-
verted to toluene by sodium amide or potassium
amide in liquid ammonial2 however, this conver-
sion of dihydrotoluene to toluene may take place
by a hydrogen transfer (disproportionation) rather
than by loss of molecular hydrogen. Furthermore,
d-limonene is not isomerized or dehydrogenated
by these reagents. 2,3-Dichloro-5,6-dicyano-I1,4-
benzoquinone can dehydrogenate tetralin, ace-
naphthene, and dibenzyl at room temperaturel3
here again, the reaction is a hydrogen transfer. In
general, most nonbiological dehydrogenation re-
actions fake place at temperatures above 200°.
The dehydrogenation reaction in ethylenediamine,
which produces molecular hydrogen and proceeds
at a measurable rate even at room temperature, is
certainly unusual. It remains to be seen whether
other metal derivatives of amines or of ammonia
may function in a similar way.

EXPERIMENTAL

Materials. Lithium, obtained from the Lithium Corp. of
America, was used in the form of ‘/s inch wire. Anhydrous
ethylenediamine (Union Carbide Chemicals Co. and East-
man) was purified by heating with sodium for a day or two,
followed by distillation. Trimethvlencdiamine (American
Cyanamid Co.) was heated with sodium for a few hours and
then distilled.

Apparatus and procedure. A 4-neck flask, or a 3-neck flask
with a suitable adapter, was fitted with a mercury sealed
double Hershberg stirrer; a thermometer dipping below' the
surface of the liquid; a spiral reflux condenser with a nitro-
gen inlet and mercury sealed outlet; and a straight reflux
condenser, 6 to 8 inches long, which was stoppered at the
top. The apparatus was flushed out with nitrogen, the
ethylenediamine added, and the amine heated to 90-110°.
The lithium was then added in portions through the straight
reflux condenser; 4 to 8 pieces, each about 1.5 inches long,
were added in each portion. The rate of addition of the
lithium was controlled by the hydrogen evolution and by the
persistence of the dark blue color; usually gas evolution
was the determining factor, the metal being added during
15 to 3 hours without waiting for discharge of the blue color
between portions, while the mixture was stirred and main-
tained at £0-110°. After all of the lithium had been added
and the dark blue color had disappeared, the mixture was
heated for 1 or 2 hr. at 90-100° in order to be certain that
all of the metal had reacted. (The final solution varied from
colorless to a pale yellow or tan; it usually contained a small
amount of white solid in suspension. If this colorless solution
were exposed to air, a blue color formed, which was slowly
destroyed when the solution was heated for a time. This
color, however, was much lighter than the blue of the dis-
solving lithium.) The compound to be isomerized was then
added at a temperature of 90-100° and the mixture stirred
and heated for 1 to 5 hr. (In the dehydrogenations, the
hydrocarbon was added slovdy, because of the vigorous gas
evolution.) The flask was then cooled in ice, and water added
until most of the solid which first formed had dissolved.
The product was then isolated in the usual manner and
analyzed, usually by infrared spectroscopy.

Isomerization experiments. 1-Octene. (a) To a solution of
.V-lithioethjdenediamine (I), prepared from 11.10 g. (1.60

(12) A J. Birch, J. Chem. Soc., 1642 (1947).
(13) E. A Braude, A. G. Brook, and R. P. Linstead, J.
Chem. Soc., 3569 (1954).
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moles) of lithium and 375 ml. of ethylenediamine, there
was added 44.8 g. (0.40 mole) of 1-octene. The mixture
was refluxed gently for 2.25 hr. The product (90.1% yield)
consisted of internal olefins. The infrared spectrum indicated
that the product was mainly 2-octene, in the proportion of
approximately 60% trans to 40% cis; 1-octene was absent.

(6) To a solution of | prepared from 0.416 g. (0.06 mole)
of lithium and 180 ml. of ethylenediamine, there was added
33.6 g. (0.30 mole) of 1-octene. The mixture was refluxed
gently for 4.25 hr. The product consisted entirely of 1-
octene; no /3-olefin was present.

(c) A mixture of 375 ml. of ethylenediamine and 44.8 g.
(0.40 mole) of 1-octene was refluxed gently for 5.75 hr. The
product consisted entirely of unchanged 1-octene.

(d) A solution of HNCH2CH2ZNHNa (I1) was prepared
from 13.8 (0.60 mole) of sodium and 187 ml. of ethylene-
diamine by heating for 9 hr.; the reaction is much slower
with sodium than it is with lithium. To the resulting dark
brown viscous solution there was added 44.8 g. (0.40 mole)
of 1-octene during 1 hr., while maintaining the solution at
about 100°. The mixture was heated for 6 hr. and then
worked up in the usual manner. The product consisted
largely of unchanged 1-octene, but some isomerization to
internal octenes had taken place. The yield of internal ole-
fins, corrected for a small amount present in the starting
material, was 2.2%. No octane was present. There was also
obtained a fairly large amount of white solid, insoluble in
water and insoluble in the organic layer, which was readily
removed by filtration.

(e) To a solution of iV-lithiotrimethylenediamine, H2N-
CHXHZHNNHLI, prepared from 1.78 g. (0.26 mole) of
lithium and 60 ml. of trimethylenediamine, there was added
7.17 g. (0.064 mole) of 1-octene. The mixture was stirred
and heated for 2 hr. at 100-108°. The product consisted
entirely of internal olefins.

4-Methylcydohexene. To a solution of (I) prepared from
8.33 g. (i.20 moles) of lithium and 187 ml. of ethylenedi-
amine, there was added 19.2 g. (0.20 mole) of 4-methyl-
cyclohexene. The mixture was heated for 2 hr. The product
consisted largely of 1-methylcyclohexene, but some starting
material was still present. Toluene was absent.

Dehydrogenation experiments. d-Limonene. (a) To a
solution of | prepared from 16.65 g. (2.40 moles) of lithium
and 375 ml. of ethylenediamine, there was added 54.4 g.
(0.40 mole) of d-limonene (I-methyl-4-isopropenylcyclo-
hexene) while the solution was maintained at 100-110°.
Gas was evolved vigorously during the addition. The mixture
was refluxed gently for 2.5 hr. The product (48.42 g., boiling
point 167-171°) was pure p-cymene. The yield was 90.4%.

(6) To a solution of | prepared from 16.65 g. (2.40 moles)
of lithium and 375 ml. of ethylenediamine, there was added
during 1 hr. 54.4 g. (0.40 mole) of d-limonene. The solu-
tion was maintained at room temperature throughout the
addition. After stirring for 0.5 hr., the mixture was decom-
posed with water, the temperature being maintained below
20°. The yield of p-cymene was 3.6%; the balance of the
material was mostly d-limonene, but some isomers of
d-limonene may have been present.

(c) To a solution of | prepared from 4.17 g. (0.60 mole)
of lithium and 187 ml. of ethylenediamine, there was added
27.2 g. (0.20 mole) of d-limonene. Gas was evolved vigor-
ously during the addition. The mixture was heated for 4.5
hr. The product consisted of p-cymene; the yield was 98.1%.

(d) A solution of HNCHXZH2NHNa was prepared by
dissolving 13.8 g. (0.60 mole) of sodium (6-8 millimeter
shot) in 187 ml. of ethylenediamine. d-Limonene (27.2
g., 0.20 mole) was then added and the mixture heated for 9
hr. No gas was evolved. The mixture was worked up in the
usual way; some brown solid material which was present
was not investigated. There was obtained an 87.9% recovery
of rf-limonene; no p-cymene was present.

(e) To a solution of | prepared from 13.88 g. (2.00 moles)
of lithium and 375 ml. of ethylenediamine, there was added
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272 g. (2.00 moles) of d-limonene during 15 hr. The
mixture was heated for 0.5 hr. The product (250.5 g., b.p.
170-173°) consisted entirely of p-cymene; the yield was
92.1%.

(/) To a solution of | prepared from 1.74 g. (0.25 mole)
of lithium and 375 ml. of ethylenediamine, there was added
136 g. (1.00 mole) of d-limonene. The mixture was heated
for 1 hr.; no gas was evolved. The product consisted entirely
of d-limonene (124.8 g., b.p. 169-172°; 91.7% recovery).

4-Vinylcyclohexene. To a solution of | prepared from 8.33
g. (1.20 moles) of lithium and 187 ml. of ethylenediamine
there was added during 0.5 hr. 21.6 g. (0.20 mole) of 4-
vinylcyclohexene; gas was evolved vigorously. Heating was
continued for another 2.75 hr.; during this time gas evolution
continued at the rate of about 1 1 per hr. The product con-
sisted entirely of ethylbenzene; yield 86.8%.

a-Phellandrene. (a) To a solution of | prepared from 8.33 g.
(1.20 moles) of lithium and 187 ml. of ethylenediamine,
there was added 27.2 g. (0.20 mole) of crude 2-methyl-5-
isopropyl-1,3-cyclohexadiene (a-phellandrene, containing
about 20% p-cymene). Gas was evolved vigorously. The
mixture was heated for 1 hr. The product consisted entirely
of p-cymene; the yield (corrected for p-cymene in the
starting material) was 73.7%.

(5)  To a solution of HNCHZH2NHNa prepared by dis-

solving 13.8 g. (0.60 mole) of sodium shot in 187 ml. of
ethylenediamine, there was added 27.2 g. (0.20 mole) of
crude a-phellandrene. The mixture was then heated for 4.5
hr. The product consisted entirely of p-cymene; the yield
(corrected for p-cymene in the starting material) was 76.1%.

trichloromethyl-2-benzylphenylcarbinols
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There was also obtained a white solid, insoluble in both the
aqueous and organic phases.

(c) A mixture of 27.2 g. (0.20 mole) of crude a-phellan-
drene and 190 ml. of ethylenediamine was heated at 100°
for 1 hr. The product, obtained in 87.2% yield, consisted of
unchanged a-phellandrene.

(d) To asplution of HNCHZH2ZCH2NHLI, prepared from
2.67 g. (0.39 mole) of lithium and 60 ml. of trimethylene-
diamine, there was added 6.73 g. (0.064 mole) of crude <«
phellandrene. The mixture was stirred and heated for 2 hr.
at 112°. The product (5.33 g.) contained about 80% of p-
cymene and 7.5% of a-phellandrene. The yield of p-cymene
(corrected for p-cymene in the starting material) was 40%.

Limonme and 4-methylcyclohexene. To a solution of |
prepared from 8.33 g. (1.20 moles) of lithium and 375 ml. of
ethylenediamine, there was added a mixture of 54.4 g.
(0.40 mole) of d-limonene and 76.8 g. (0.80 mole) of 4-
methyleyclohexene. Gas was evolved vigorously during the
addition. The mixture was heated for 4 hr. The products
and vyields (mass spectrometric analyses) were: d-
limonene, 2.5%; p-cymene, 87.8%; 4-methylcyclohexene,
24.1%; 1-methylcyclohexene, 63.4%. Methylcyclohexane
was probably absent, but may have been formed in a yield
not exceeding 0.1%.
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A series of new trichloromethyl-2-benzylphenylcarbinols, which can be considered as synthetic precursors of the DDT-
type molecule, have been prepared by several reaction sequences. From the toxicity data against German cockroaches it
would appear that the compounds tested have little if any insecticidal activity. Many intermediates were' also tested.

In connection with our studies on the mechanism
of insecticidal action of DDT, 2,2,2-trichloro-I,I-
bis(p-chlorophenyl) ethane, we have synthesized
a series of trichloromethyl-2-benzylphenylcarbi-
nols (IVa-1vd) which are synthetic precursors of
the DDT-type molecule. Since many carbinols3
of diversified structure have been synthesized and
tested for insecticidal activity, we thought com-
pounds of the type IV would be especially interest-
ing for several reasons.

First, Fisher-Hirschfelder-Taylor models of com-
pounds of the type 1V indicate that free rotation of
one phenyl group is not possible and that free ro-
tation of the other phenyl group is severely hindered

(1) Presented before the Division of Organic Chemistry
at the 132nd Meeting of the American Chemical Society,
New York, N. Y., September 1957.

(2) This paper has been abstracted from the master’s
thesis of G. J. Buese and the doctorate thesis of P. E. Newal-
lis presented to the Virginia Pohdechnic Institute in 1951
and 1957, respectively.

(3) R. C. Blinn, F. A. Gunther, and R. L. Metcalf, J. Am.
Chem. Soc., 76, 37 (1954) and references listed there.

so that the trihedralized4 configuration may be
realized. Rogers, Brown, Rasmussen, and Heal4
have pointed out the importance of a trihedralized
p,p'-diehiorophenyl moiety in explaining the toxic-
ity of DDT.

Second, compound IVd has other important
structural features in common with DDT; namely,
a trichloromethyl group and two p-chlorophenyl
groups whose chlorine atoms are about as distant as
those in DDT.

Third, compounds of the type IV are known3to
exhibit narrow-spectrum insecticidal properties
and are thus ideally suited for activity-structure
studies with certain insects.

Ketones la and Ib are prepared in excellent yield

(4) E. F. Rogers, H. D. Brown, I. M. Rasmussen, and
R. E. Heal, J. Am. Chem. Soc., 75, 2991 (1953). According
to these authors the concept of trihedralization may be
generalized as follows: “In compounds having one carbon
atom two or three planar groups and a group sufficiently
large to hinder the rotation of the planar groups, although
capable of rotation itself, the planar groups will tend to
positions corresponding to the sides of a trihedral angle.”
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by the aluminum chloride-catalyzed reaction of
2-bromobenzoyl chloride and 2-bromo-5-chloro-
benzoyl chloride respectively on benzene. Ketones
Ic and Id were prepared in good yield by allowing
the cadmium reagent of 3-bromochlorobenzene to
react with 2-bromobenzoyl chloride and 2-bromo-
b-chlorobenzoyl chloride, respectively.

Reduction of these ketones, la-la, with sodium
borohydride5processed smoothly and in good yield
to give the corresponding carbinols, Ila-11d.
Carbinols Ha and lie were also prepared in excellent
yield by allowing 2-bromobenzaldehyde to react
with the appropriate Grignard reagent.

The carbinols. Ila-11d, could be reduced to the
corresponding diphenylmethanes using red phos-
phorus and iodine in glacial acetic acid. Although
the ketones, la-Id, could be reduced directly to the
diphenylmethanes using the same reagent, the
results were erratic6and in our hands the two step
reduction proved more satisfactory.

la,X =X*=H lla,X=X=H
b, X=CI; X1=H \ b, X=CI; X1=H
¢, X=H; X1=Cl \ ¢, X=H; X1=Cl
d X=X'=0C4 v d, X- X1=Cl
AGH, . X 1
X CHi X1
CHOH
CC13 Br
IVa, X=X!I=H Ilia, X=X"'=H
b, X=CI; X1=H b, X=CI; X1=H
¢, X=H; X1=Cl ¢, X=H; X1=Cl
d, X=X1=Cl d, X= X=Q

The addition of freshly distilled chloral to a
Grignard reagent? prepared from Ilia, 111b, llic,
and Hid gave the corresponding trichloromethyl-2-
benzylphenylcarbinols. These carbinols tend to de-
compose even when distilled at low pressures. Only
IVa and 1VVb could be prepared analytically pure.
By using a variety of methods all four carbinols
could be converted to their acetates which could be
purified to analytical purity.
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Entomological testing8 of the new compounds
was undertaken by Dr. James M. Grayson and his
staff at the Virginia Polytechnic Institute Ento-
mology Department using standard methods of
assay. From the toxicity data against German
cockroaches it would appear that the new com-
pounds have little if any insecticidal activity.

EXPERIMENTALo9mo

2-Bromo-5-chlorobenzoic acid. A mixture of 90 g. of cupric
sulfate pentahydrate, 75 g. of sodium bromide, 50 g. of fine
copper turnings, and 400 ml. of 48% hydrobromic acid was
boiled vigorously for 3 hr. This hot solution was filtered
through glass wool into a boiling solution of 150 g. of 2-
amino-5-chlorobenzoic acid,11 600 ml. of 48% hydrobromic
acid and 5000 ml. of water. The solution was stirred continu-
ously during this addition and was kept boiling. A solution
of 150 g. of sodium nitrite in 700 ml. of water was then
added slowly, with stirring, to the hot acid solution. After
addition was complete the solution was allowed to cool to
room temperature and was finally cooled in an ice-salt bath.
The solid which formed was filtered and recrystallized from
water using a little charcoal. The fine white crystals were
dried in a vacuum desiccator; yield 155 g. (75%), m.p. 148-
149° (lit.,2m.p. 148-149°).

S-Bromo-5-chhrobenzoyl chloride. A mixture of 20 g. of
the above acid and 19 g. of phosphorus pentachloride was
heated in an oil bath maintained at 140° for 0.5 hr. The low
boiling material was distilled under slightly reduced pressure
and the residue was fractionated at 22 mm.; yield 20 g.
(91%), b.p. 147-149°, m.p. 34-35° (lit.,2b.p. 146-147° (23
mm.), m.p. 34-35° no yield reported).

S-Bromo-5-chloTobenzophenone (Ib). A mixture of 25 g.
of aluminum chloride and 180 ml. of dry benzene was cooled
in an ice bath and stirred. A few drops of a solution of 39 g.
of 2-bromo-5-chlorobenzoyl chloride in about 70 ml. of
benzene was added immediately to prevent the benzene
from freezing and then the remainder of the solution was
added dropwise. The mixture was stirred overnight and
allowed to warm to room temperature. The reaction mix-
ture was then heated under reflux for three hours, cooled
in an ice bath and decomposed with ice and 120 ml. of con-
centrated hydrochloric acid. The acid layer was separated
and extracted with fresh benzene. The benzene layers were
combined, washed with water, then sodium carbonate solu-
tion and again with water. The benzene solution was con-
centrated and fractionated under reduced pressure; yield
42 g. (93%), b.p., 172-173° (1 mm.). On standing the oil
solidified; m.p. 100.5-102°. An analytical sample was pre-
pared by recrystallization from ethanol.

Anal. Calcd. for CitH8rC10: C, 52.82; H, 2.73. Found:
C, 52.66; H, 2.80.

2-Bromo-3'-chlorobenzophenone (Ic). A Grignard reagent
was prepared in ether from 44 g. (0.23 mole) of 3-bromo-
chlorobenzene, 5.2 g. (0.23 mole) of magnesium. The solu-

(8) Dr. James M. Grayson of the Entomology Depart-
ment at the Virginia Polytechnic Institute was responsible
for conducting the assays. We are grateful to him for this
work.

(9) All melting points were taken on a Fisher-Johns

(5) S. W. Chaikin and W. G. Brown, J. Am. Chem. Soc., melting point block and are uncorrected.

71, 122 (1949).

(10) All analyses were carried out by the Micro-Tech

0) Difficulties in using red phosphorus and iodine have Laboratories, Skokie, 111

been encountered before; see for example, F. A. Vingiello,
A. Borkcvec, and J. Shulman, J. Am. Chem. Soc., 77, 2320
(1955).

(11) Purchased from Distillation Products Industries,
Rochester 3, N. Y.

(12) J. B. Cohen and H. S. Réper, J. Chem. Soc., 85,

(7)  H. L Haller, P. D. Bartlett, N. L. Drake, M. S. New- 1267 (1904) prepared this compound by the nitric acid

man, S. J. Cristol, C. M. Eaker, R. A Hayes, G. W. Kilmer,
B. Magerlein, G. P. Mueller, A. Schneider, and W. Wheat-
ley, J. Am. Chem. Soc., 67, 1591 (1945); see also ref. (3).

oxidation of the chlorobromotoluene and by a Sandmever
reaction which gave a discolored product. In neither case
was the yield given.
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tion was cooled and 42 g. (0.23 mole) of dry, finely ground
cadmium chloride was added. The mixture was stirred for
an hour at the end of which the Gilman color test13 was
negative. The ether was replaced with benzene and 50 g.
(0.23 mole) of 2-bromobenzoyl chloride in 50 ml. of benzene
was added to the boiling solution as rapidly as possible.
The mixture was stirred and heated for an additional 40
min. and then cooled and poured into a mixture of ice and
dilute sulfuric acid. The acid layer was separated and ex-
tracted with benzene. The benzene layers were combined,
washed with water, then with sodium carbonate solution,
again with water, and finally concentrated. The residue was
fractionated; yield 41 g. (61%) b.p., 182-183° (3 mm.).
Crystallization from ethanol gave white crystals, m.p. 34.5-
36°.

Anal. Calcd. for CiH®8rC10: C, 52.82; H, 2.73. Found:
C, 52.93; H, 2.95.

2-Bromo-6,3'-dichlorobenzophenone (Id) was prepared
using substantially the procedure given above for preparing
Ic with 2-bromo-5-chlorobenzoyl chloride being used in
place of 2-bromobenzoyl chloride. The product (73%) dis-
tilled at 203-206° (3 mm.). This oil crystallized on standing
and was recrystallized from ethanol giving white crystals,
m.p. 75-76°.

Anal. Calcd. for CiHBrCID: C, 47.31; H, 2.14. Found:
C, 47.30; H, 2.27.

2-Bromo-B-chlorobenzhydrol (lib). A solution of 1.3 g.
(0.03 mole) of sodium borohydride in 15 ml. of distilled
water was added dropwise to a stirred suspension of 20 g.
(0.07 mole) of 2-bromo-5-chlorobenzophenone in 100 ml. of
methanol. The mixture was warmed in a water bath at 60°
for 30 min. and allowed to stand at room temperature for
an additional 30 min. The mixture was then decomposed
with 10% hydrochloric acid and extracted with ether. The
ether solutions were combined, washed with water, dried,
and concentrated. The residue was fractionated; yield 16 g.
(79%) b.p. 144r-147° (1 mm.). Crystallization from 30-60°
petroleum ether gave white crystals, m.p. 49-49.5°,

Anal. Calcd. for CisHioBrCIO: C, 52.46; H, 3.39. Found:
C, 52.36; H, 3.70.

2-Bromo-S'-chlorobenzhydrol (lie). A. Via NaBH4 reduc-
tion of ketone. lie was prepared using substantially the
same procedure given above for lib. There was obtained
from 2-bromo-3'-chlorobenzophenone 77% of product
distilling at 144r-146° (0.5 mm.).

B. Via Grignard reagent. A Grignard reagent was pre-
pared in ether from 76 g. (0.39 mole) of 3-bromochloroben-
zene and 9.5 g. (0.39 mole) of magnesium. A solution of 47
g. (0.26 mole) of 2-bromobenzaldehydeX in 100 ml. of
ether was added dropwise with stirring in the usual way,
this gave 59 g. (82%) of a clear viscous oil which distilled
at 178-180° (2 mm.).

Anal. Calcd. for CnH”BrCIO: C, 52.46; H, 3.39. Found:
C, 52.56; H, 3.64.

2-Bromo-B,8'-dichlorobenzhydrol (lid). This compound was
prepared by the NaBHi reduction of 2-bromo-5,3'-dichloro-
benzophenone using essentially the procedure described for
lib. The product (75%) was obtained as a clear, colorless
oil distilling at 166-168° (0.5 mm.). Crystallization from 30-
60° petroleum ether gave white, poorly formed crystals,
m.p. 92-93°. Recrystallization from a petroleum ether-
methanol mixture gave crystals melting sharply at 93.5-
94°.

Anal. Calcd. for CiHBrCID: C, 47.02; H, 2.73. Found:
C, 47.00; H, 2.87.

2-Bromodiphenylmethane (llia).5 Although several dif-
ferent methods were used®to prepare this compound, the
method of Bradsher and VingielloZ7 proved most satisfac-
tory.

(13) H. Gilman and F. Schulze, J. Am. Chem.. Bar.., 47,

2002 (1925).
(14) Prepared according to R. Adams and E. Yollweiler,
J. Am. Chem. Soc., 40, 1737 (1918).
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2-Bromo-S-chlorodiphenylmethane (I11b). A mixture of 33
g. of 2-bromo-5-chlorobenzophenone, 33 g. of red phosphorus
and 33 ml. of that portion of 48% hydriodic acid which boiled
over 122° (715 mm.) was stirred and heated under reflux
for 44 hr. The mixture was cooled to room temperature, 50
ml. of water was added, and the phosphorus was filtered.
The acid solution was neutralized with 10% sodium hy-
droxide solution and extracted with ether. The ether solutions
were combined, washed with water, dried over anhydrous
calcium sulfate, and concentrated. The residue was distilled ¢
yield 23 g. (72%) b.p., 168-170° (3.5 mm.).

Anal. Calcd. for CiHI®BrCl: C, 55.45; H, 3.58. Found:
C, 55.30; H, 3.71.

2-Bromo-S'-chlorodiphenylmethane (l11c). This compound
was prepared by the reduction of 2-bromo-3'-chlorobenzo-
phenone using substantially the procedure described for
lib. The product (64%) was obtained as an oil distilling at
144-146° (1 mm.).

Anal. Calcd. for CiHi®BrCl: C, 55.45; H, 3.58. Found:
C, 55.66; H, 3.85.

2-Bromo-B,8'-dichlorodiphenylmethane (Hid). This com-
pound w's prepared by the reduction of 2-bromo-5,3"-
dichlorobenzophenone using substantially the procedure
described for lib. The product (63%) was obtained as an
oil distilling at 151-156° (1 mm.).

Anal. Calcd. for CIH®BrCl2 C, 49.40; H, 2.87. Found:
C, 49.62; H, 2.91.

Trichloromethyl-2-benzylphenylcarbinol (IVa). A Grignard
reagent was prepared in ether from 40 g. (0.16 mole) of
2-bromodiphenylmethane and 3.8 g. (0.16 mole) of mag-
nesium. The solution was heated under reflux and 26 g.
(0.18 mole) of freshly distilled chloral in 50 ml. of dry ether
was added rapidly.18 The solution was then cooled and
decomposed with a saturated solution of ammonium chlo-
ride. The ether was separated and the “cake” was washed
with ether. The combined ether solutions were swashed with
water, 10% sulfuric acid, again with water, dried, and con-
centrated. An extremely viscous oil was obtained svhich dis-
tilled at 174-176° (1 mm.)19; yield 31 g. (61%).

Anal. Calcd. for CIBHiXI®: C, 57.08; H, 4.15. Found:
C, 57.20; H, 4.07.

Acetate of trichloromethyl-2-benzylphenylcarbinol. A mixture
of 1g. of the above carbinol (IVa), 10 ml. of acetic anhydride,
and 0.5 ml. of trifluoroacetate acid was heated under reflux
for 4 hr. The solution was cooled, poured into an ice-water
mixture and the fine, tan solid was filtered. Recrystallization
from ethanol (Norite) gave 1g. (84%) of white plates, m.p.
120-122°. Further recrystallizations from ethanol raised
the melting point to 122-123°.D

Anal. Calcd. for C,,H18C13 2 C, 57.10; H, 4.23; Cl, 29.74.
Found: C, 57.10; H, 4.29; CI, 29.90.

Trichloromethyl-2-bmzyl-4-chlorophenylcarbinol (1Vb). This
compound was prepared by allowing the Grignard reagent
of 2-bromo-5-chlorodiphenylmethane to react with chloral

(15) All of the diphenylmethanes (Illa-111d) were also
made easily by the reduction of the corresponding benz-
hydrols (Ila-11d) using red phosphorus and iodine in acetic
acid. The yields in these experiments were as follows: Ilia
(77%), 1llb (71%), Illc (66%), Hid (64%).

(16) Huang-Minlon reduction of the ketone gave only
25% vyield. The aluminum chloride catalyzed condensation
of 2-bromobenzyl bromide and benzene gave only 13%
yield.

(17) C. K. Bradsher and F. A. Vingiello, J. Org. Chem.,
13, 786 (1948).

(18) When the ether was replaced with benzene and the
chloral added to the boiling benzene solution, a yield of only
22% was obtained.

(19) The distillation proceeds well if the fractionating
column is warmed with an electrical heating tape.

(20) The same product was obtained in 30% yield using
the Schotten-Baumann procedure and in 66% yield using
the boron trifluoride method.
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using substantially the procedure described for IVa. The
product was obtained in 55% vyield as a very viscous oil
which distilled at 190-192° (1 mm.).

Anal. Calcd. for C15H12CH4O: C, 51.46; H, 3.46. Found:
C, 51.58; H, 3.42.

Acetate of trichloromethyl-H-benzyl-4-chlorophenylcarbinol. A
mixture o: 2 g. of the above carbinol (IVb), 4 ml. of freshly
distilled boron trifluoride etherate, and 25 ml. of glacial
acetic acid was heated under reflux for 10 hr. The mixture
was cooled to room temperature and poured into an ice-water
mixture. A reddish yellow gum separated and was dissolved
in ether. The ether solution was washed with water, a dilute
sodium bicarbonate solution, and again with water. The
solution was then dried and concentrated. The residue was
crystallized from ethanol; yield 1.7 g. (77%), m.p. 115—
116°. Several recrystallizations from ethanol raised the
melting point to 116-117°.21

Anal. Calcd. for Ci/Hw.CI.O:: C, 52.07; H, 3.60. Found:
C, 52.05; H, 3.82.

Trichloromethyl-2-{3'-chlorobenzyl)phenylcarbinol  (IVc).
This compound was prepared by allowing the Grignard

(21)
the trifluoroacetic acid method.
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The same product was obtained in 72% yield using
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reagent of 2-bromo-3'-chlorodiphenyl-methane to react with
chloral using essentially the procedure described for IVa.
The product was obtained in 42% yield as a very viscous
oil which distilled at 185-190° (0.1 mm.).

Acetate of trichloromethyl-2-(3'-chlorobenzyl)phenylcarbinol.
This compound was prepared substantially as was the ace-
tate of 1Va using trifluoroacetic acid. Recrystallization from
ethanol gave a 58% yield of white crystals; m.p. 114r-115°.

Anal. Calcd. for CnHuCbCb: C, 52.07; H, 3.60. Found:
C, 52.12; H, 3.56.

Trichloromethyl-2-{S'-chhrobenzyl)-Jf-chlorophenylcarbinol
(Ivd). This compound was prepared by allowing the Gri-
gnard reagent of 2-bromo-5,3'-dichlorodiphenylmethane to
react with chloral using substantially the procedure de-
scribed for IVa. The product was obtained in 48% yield
as a very viscous oil which distilled at 185-188° (0.2 mm.).

Acetate of trichloromethyl-2-{3'-chlorobenzyl )-4-chlorophenyl-
carbinol. This compound was prepared substantially as
was the acetate of IVa using trifluoroacetic acid. Recrystal-
lization from ethanol gave a 53% vyield of white crystals;
m.p. 92-93°.

Anal. Calcd. for C15H13CI50»: C, 47.87; H, 3.07. Found:
C, 47.76; H, 3.12.

B lacksburg, Va.

[Contribution from the Department of Chemistry, Duke University]
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The benzoylations of both of the methyl ketone groups of bisacetylferrocene were effected with excess meth.yl benzoate
and alkali amide to form the bis-/3-diketone. An attempt to benzoylate only one of the methyl ketone groups was unsuccess-
ful. The bis-/3-diketone was converted to the bispyrazole, and to a copper chelate which evidently contained one molecule
of the bis-/3-diketone for each copper atom. Infrared data are presented for these and certain related compounds.

It has recently been shown2 that the methyl
ketone group of acetylferrocene (1) can be benzoyl-
ated with methyl benzoate by means of potassium
amide to form the corresponding /3-diketone (11).

It has now been found that both of the methyl
ketone groups of bisacetylferrocene3 (I1l) can
similarly be benzoylated to give the bis-/3-diketone
IV.3a For convenience these compounds are repre-
sented in the cfs-configuration.4

(1) Supported by the National Science Foundation.

() Charles R. Hauser and Jacque K. Lindsay, J. Org.
Chem., 22, 482 (1957).

(3) We are indebted to Linde Air Products Company,
Tonawanda, N. Y., (Dr. R. L. Pruett), for a sample of this
compound.

COCH:

coch:cocshs

Fe

COCHS3 coch:cocshs

1] v

(3a) That the product was not the isomeric triacyl deriv-
ative, which might have resulted from dibenzoylation at
one of the methyl ketone groups, was indicated by the ab-
sence of an infrared band at about 5.7-5.: for the methyl
ketone group which would then still be present in the
molecule. Moreover, the triacyl derivative could hardly
produce the bispyrazole V11 and the internal copper chelate
IX. Actually dibenzoylation at one of the methyl ketone
groups should not be expected, since the equilibrium of
similar acylations of ordinary methyl ketones with methyl
benzoate is generally on the side of the anion of the /3-diketone
which is the monobenzoylation product (see ref. 5).

4)
Chem. Soc., 79, 2741 (1957)] have presented dipole moment
evidence that at least bis-p-chlorophenviferrocene has the
cis configuration.

Recently, D. A. Semenow and J. D. Roberts [J. Am.
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This two-fold Claisen type condensation was
effected by first converting the bisacetylferrocene
(1) to its dipotassio derivative Ilia by means of
potassium amide in liquid ammonia and then add-
ing methyl benzoate in ether. Almost immediately
the reaction mixture became red which is the color
of the bis-/3-diketone and of its potassio derivative
IVa, the formation of which is called for by theory.b

cochx COCHCOCEH5

Q

Fe Fe

COCHXK COCHCOCe5

llia IVa

The best yield (62%) of the bis-/3-diketone 1V
was obtained employing four equivalents each of
potassium amide and methyl benzoate to one of the
bisacetylferrocene (111). Under these conditions the
conversion of the bis-/3-diketone 1V to its dipotas-
sio derivative 1Va may be considered to be effected
by the two extra equivalents of the potassium amide
over the two involved in the formation of the di-
potassio derivative of bisacetylferrocene llia. Es-
sentially the same yield (60%) was obtained with
sodium amide under the similar conditions. The
proportions of reactants employed with bisacetyl-
ferrocene (I111) correspond to the use of two equiva-
lents each of the alkali amide and ester to one of a
monomethyl ketone, which have been recom-
mended when the yield is to be based on the ketone.6

Although this two-fold condensation might be
expected to involve the intermediate formation of
the mono-/3-diketone V or its potassio derivative,
none of this intermediate was found under the above
conditions or even when the dipotassio derivative
of bisacetylferrocene Ilia was treated with only one
equivalent of methyl benzoate. Under the latter
conditions a 20% yield of the bis-f3-diketone 1V was
obtained, and 67% of the bisacetylferrocene (I11)
was recovered.

\%

Moreover, when the monopotassio derivative of
bisacetylferrocene was prepared by means of one
equivalent of potassium amide in liquid ammonia
and an equivalent of methyl benzoate then added
(refluxed 5 hours in ether), none of the mono-/3-
diketone V was found, and 95% of the bisacetyl-
ferrocene was recovered (an infrared spectrum indi-
cated no d-diketone present). Neither was the mono-

(5) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, V1II, 59 (1954).
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,8-diketone V isolated when bisacetylferrocene was
stirred at room temperature with excess sodium
methoxide and methyl benzoate in ether for 10
hours. There was obtained a black oily material, an
infrared spectrum of which indicated no /3-diketone
present.

It should be mentioned that both this difficulty
of preparing the mono-/3-diketone by this method
and the ease with which the bis-/3-diketone 1V was
obtained were not anticipated. Apparently the
second benzoyl group was introduced into the
molecule much more readily than the first. The al-
ternative possibility that the two groups were in-
troduced simultaneously seems unlikely. The theory
behind these interesting observations is being
further investigated.

Derivatives and infrared data. (A) Pyrazoles.
The cyclization of mono-/3-diketone Il with hy-
drazine to form the pyrazole VI has been described
previously.2

r\

Fe

The two-fold cyclization of bis-/3-diketone 1V
with two molecules of hydrazine to form the bis-
pyrazole VII has now been effected in 82% yield
employing a large excess of hydrazine. No attempt
was made to prepare the mono-pyrazole of bis-/3-
diketone IV.

In Table | are summarized some principal
infrared bands of pyrazoles VI and VII and also
those of the ordinary pyrazoles VIII and IX.
Pyrazole V111 is well known, and its infrared spec-
trum has been reported previously,67 but pyrazole
I X appears to be new.8

(6) C. S. Rondestvedt and P. K. Chang, J. Am. Chem.
Soc., 77, 6532 (1955).

(7) P. Mirone and M. Vampiri, Atti accad. nazl. Lincei,
Rend., Classe sci. fis., mat. e nat., 12, 583 (1952); Chem.
Abstr., 46, 9423 (1952).

(8) Pyrazole 1X was prepared in the usual manner
from 3-phenylacetylacetone by R. J. Light in this labora-
tory. It was obtained in 91% yield, m.p. 128.5-129.5°.

Anal. Calcd.: C, 76.71; H, 7.02; N, 16.27. Found: C,
76.91; H, 6.89; N, 16.20.
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N— N
R
VIII,R=H
IX,R =CeH5
TABLE |
Spectra of Pyrazole Bands (ju)
Formula Formula Formula Formula
VITI IX Vi VII
6.26 6.22 6.22 6.24
6.43 6.44 6.45 6.45
6.74 6.84 6.85 6.85
9.02
9.98

It can be seen from Table | that each of the
pyrazoles listed has infrared bands at 6.28 i
6.44 n, and 6.7 p. The first two bands have been as-
signedG7to the carbon-nitrogen double bond and to
the carbon-carbon double bond respectively. The
last band has apparently not been assigned but it
has been considered characteristic of the pyrazole
ring.67 Only one of the pyrazoles listed in Table |
exhibits bands at about 9 and 10 p which are known
to be characteristic of ferrocene derivatives having
an unsubstituted ring.9

(B) Copper chelates. The reaction of mono-d-
diketone Il with copper acetate to form chelate X
has been described previously.2 Such chelates are
known to consist of two mono-d-diketone molecules
to one copper atom.D

X

The corresponding reaction of bis-d-diketone 1V
with copper acetate has now been effected to form
a copper chelate which, on the basis o: its molecular

H

"¢—f ~C-CEH5

O)(f:ulo
Fe
X
o "o
Ch .C-CeHj
C
H
X1

(9) See P. L. Pauson, Quart. Revs. (London), 9, 391
(1955).

(10) See J.
(1950).

Lecomte, Discuss. Faraday Soc., 9, 125
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weight, may be represented by structure XI.
Treatment of the chelate with dilute phosphoric
acid regenerated bis-d-diketone 1V.

This conversion of bis-d-diketone 1V to mono-
meric chelate X1 is to be contrasted with that of
bis-d-diketone X111 to a polymeric chelate which
was recently reported in a patent.l

CHOCHX0O< "> COCH2COCH3
X1

It should be pointed out that the cis relationship
of the two d-diketone groups in chelate X 1 does not
necessarily furnish evidence for the cis configuration
of the bis-d-diketone (structure 1V) since, because
of the presumably’- low energy barrier to rotation
around the iron, the bis-d-diketone might have been
converted to the cfs-chelate under the conditions
employed.9

Such a chelate as X1 involving only one bis-d-
diketone molecule per copper atom might not be
exactly analogous with the ordinary chelates such
as X since, if the usual planar-square geometry of
the copper chelate is maintained,2 certain of the
bond angles would probably have to be distorted.
Actually, this distortion may be indicated by a
comparison of the infrared spectrum of chelate X1
with that of chelate X as discussed below.

In Table Il are summarized the principal infrared
bands that have been found for mono-d-diketone 11
and bis-d-diketone 1V and their copper chelates.
Also, in this table are included for comparison the
bands for dibenzoylmethane which have been
studied.l3

It can be seen from Table Il that in general the
d-diketones and copper chelates exhibit similar
infrared spectra. It is to be noted that, with the
exception of chelate XI, none of the compounds
listed in this table show a band at 5.7-5.9 p which
is characteristic of the free ketone carbonyl group.#4
This indicates that the d-diketones exist largely in
the enol form and the copper chelates in the anal-
ogous metal enolate form.

However, certain differences are evident between
the spectra of the ferrocene d-diketones and their
copper chelates. In the cases of dibenzoylmethane
and the two ferrocene d-diketones (Il and 1V) the
carbonyl group band has undergone a considerable
shift and reappeared in the 6.1-6.5 p region.1314
With the two ferrocene d-diketones the band seems
to be split into two components, one about 6.2 p
and the other about 6.35 jx

(11) J. P. Wilkins and E. L. Wittbeoker, U. S. Patent
2,659,711, Nov. 17, 1953.

(12) See A. E. Martell and M. Calvin, Chemistry of the
Metal Chelate Compounds, Prentice-Hall Inc., Englewood
Cliffs, N. J., 1952, p. 263.

(13) See R. S. Rasmussen, D. D. Tunnicliff, and R. R.
Brattain, J. Am. Chem. Soc., 71, 1068 (1949).

(14) See L. J. Bellamy, The Infra-red Spectra of Complex
Molecules, New York, N. Y., 1954, p. 123.
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TABLE 11
Infrared Spectra of Bis-/3-diketones and Copper Chelates (/»)
Dibenzoyl- Mono-,8- Mono-copper Bis~i3- .Bfs-copper
methane diketone 11 chelate X diketone 1V chelate XI
5.82

6.1-6.5 6.22,6.35 6.28,6.5“ 6.24,6.38 6.27,6.5*
6.75 6.73 6.71 6.72 6.71
— — 6.88 - 6.88
7.14 7.07 7.12,7.18 7.26 7.09,7.17
- 7.25 7.26 7.40 7.25,7.41
7.79 7.72 7.65 7.66 7.67
8.155 8.12 8.10 8.11 8.11
8.435 8.45 8.48 8.42 8.45
9.035 8.97 - 8.94 -
— 9.02s 9.03s - -
—_ - 9.21 - 9.22
9.36 9.32 — 9.31 9.37¢
9.72 9.69 9.60 9.60 9.64
9.98 9.80 9.78 9.80 9.77
— 9.97° 9.98s - -

10.24 — - - -

10.765 10.74 10.55 10.71 10.54
— 12.14 12.11 — 12.05

“Broad. 1Peak assigned to ferrocene substituted on one ring. ¢ Weak.

In the case of the ferrocene copper chelates (X
and XI) the carbonyl group band also appears to
be split into two bands, but they are about 63y
(@ sharp band) and about 6.5 n (a broad band).
Recent work on the infrared spectra of metal che-
lates of certain other ;3-diketones has ascribed this
split band which was observed by LecomteD
in 1950 to the conjugated enol structure of such
chelates. In particular, the 6.3 a1 band has been
ascribed to the chelated carbonyl bond, and the
6.5 n band to the carbon-carbon double bond.®
There is also a characteristic band at 12.15 giwhich
has been assigned to a carbon-carbon double bond
with one hydrogen attached; such is the case with
the double bond resulting from the formation of the
enolic metal chelate X or XI.

It is of interest that, in the infrared spectrum of
bis-/3-diketone copper chelate XI, there reap-
peared a band in the 5.7-5.9 giregion in which ordi-
nary ketone carbonyls usually absorb. This weak
peak at 5.82 n was in addition to the uniformly ob-
served shifted (3-diketone carbonyl band and was
not evident in the spectrum of any other of the
compounds compared. That this band was not due
to some impurity is indicated by the lack of such a
band in the spectrum of the bis-/3-diketone from
which the chelate was prepared and by the lack of
this band in the spectrum of the bis-d-diketone re-
covered from the phosphoric acid hydrolysis of the
chelate. This band in the region for an unconju-
gated simple ketone may arise from some incomplete
bonding (because of steric strain) in the chelation
of the metal with four oxygens.

(15)
Regional Meeting, ACS, Nov. 15, 1957.

D. P. Dryden and A. Winston, paper at Southeastern

EXPERIMENTALI16

Bis-p-diketone 1V from bisacety ferrocene. To a stirred solu-
tion of 0.2 mole of potassium amideX7in 250 ml. of liquid
ammonia was added in small portions 13.6 g. (0.05 mole) of
solid bisacetylferrocene |1l to produce a yellow-brown sus-
pension. After stirring for 20 min., a solution of 27.2 g. (0.2
mole) of methyl benzoate in 100 ml. of dry ether was added
dropwise. The color of the suspension changed almost im-
mediately to a dull red. The liquid ammonia was evaporated
(steam bath) as 250 ml. of dry ether was added, and the
resulting suspension (still red) was stirred at room tempera-
ture for 4 hr. The mixture was then filtered rapidly, and the
red solid washed with dry ether until the washings were
colorless. This solid (presumably the potassium salt of the
bis-0-diketone) was added with stirring to about 400 ml. of
N hydrochloric acid. The resulting red suspension was col-
lected in a funnel and washed with water and then ether.
The crude red powder, which was insoluble in ether and
water and only slightly soluble in acetone, melted at 398—
201°. It was recrystallized from acetone to give 15 g. (62%)
of bis-/3-diketone IV (purple needles) m.p. 213.5-214°. An
analytical sample was prepared through the copper chelate
(see below).

Anal. Calcd. for CBH.2D &e: C, 70.31; H, 4.64; Fe, 11.68.
Found: C, 70.22; H, 4.40; Fe, 11.50.

There was recovered from the ether washings 2.8 g. (20%)
of bisacetylferrocene Ill. Taking this into account, the
conversion yield of the bis-/3-diketone 1V was 78%.

The experiment was repeated employing sodium amide
instead of potassium amide and stirring the ether suspension
of the reaction mixture for 12 hr. There was obtained 14 g.
(60%) of bis-O-diketone IV, m.p. 213-214°. Since 3.5 g.
(26%) of bisacetylferrocene was recovered, the conversion
yield of IV was 81%. In this experiment, a sample of the
solid obtained before acidification was heated in a melting
point tube. Since it did not melt at 300°, it was presumably
the disodium salt of the bis-/3-diketone and sodium meth-
oxide. After acidification, the crude red solid melted at 201-

(16) Analyses are by Galbraith Laboratories, Knoxville,
Tenn.

(17) R. S. Yost and C. R. Hauser, J. Am. Chem. Soc.,
69, 2325 (1947).
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203°, and at 212.5-213.5° after reerystallization from
acetone.

When the reaction was carried out with 0.1 mole each of
potassium amide and methyl benzoate and 0.05 mole of bis-
acetylferrocene (l11) (ether suspension stirred for 6 hr.),
there was obtained 11 g. (46%) of bis-/3-diketone IV, m.p.
213-214°, Since 6 g. (45%) of the bisacet.ylferrocene (I11)
was recovered the conversion yield was 84 %.

When the reaction was carried out with 0.05 mole of
potassium amide and 0.025 mole each of bisacetylferrocene
(111) and methyl benzoate (ether suspension stirred for 8
hr.), there was obtained 1.8 g. (20%, 40% based on the
ester) of bis-/9-diketone 1V, m.p. 212.5-214°. Since 4.5 g.
(67%) of bfs-acetylferrocene (I11) was recovered, the con-
version yield of IV based on 111 was 61%.

Cyclization of bis-p-diketone 1V with hydrazine toform bis-
pyrazole VII. To a solution of 5 g. (0.01 mole) of bis-/3-
diketone IV in 1.5 1 of absolute ethanol was added 20 g.
(0.6 mole) of 95% hydrazine in 20 ml. of absolute ethanol.
The resulting deep red solution was refluxed for 1 hr.,
during which time the color changed to- a deep orange.
After cooling to room temperature and standing overnight
in a refrigerator, the reaction mixture was filtered (cold)
to yield 3.1 g. of bispyrazole VII (orange crystalline solid),
m.p. >300° dec. Reduction of the volume of the filtrate
under vacuum gave an additional 0.9 g. o: an orange pow-
der, m.p. >300° dec.; total yield 4.0 g. (82%). This com-
pound failed to dissolve appreciably (as would be indicated
by color) in various refluxing solvents including benzene,
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acetone, hexane, ethanol, chloroform, and dioxane. How-
ever, unrecrystallized samples from both fractions gave
satisfactory analytical values.

Anal. Calcd. for CEHHZN4e: C, 71.49; H, 4.71; N, 11.91;
Fe, 11.90. Found for orange crystals: C, 71.43; H, 4.90;
N, 11.88; Fe, 11.73. Found for orange powder: C, 71.37;
H, 4.88; N, 11.79; Fe, 12.14.

Formation of the copper-chelate X1 of bis-p-diketone 1V.
To a solution of 1 g. of the bis-|9-diketone IV in 500 ml. of
refluxing acetone was added 20 ml. of a saturated solution
(large excess) of warm, aqueous copper acetate. After re-
fluxing for 15 min., the reaction mixture was cooled and
filtered. The solid was washed with water and dried. After
washing with petroleum ether and recrystallizing from ben-
zene there was obtained 1 g. (88%) of a yellow powder,
m.p. >300°.

Anal. Calcd. for CBH204eCu: C, 62.08; H, 4.09. Found:
C, 62.29; Il, 3.99. Mol. wt. determinations18 Calcd. for
CHEI0OFeCu: 541.9. Found: 529, 514, 509, 521. Limit of
error, +10%.

A portion of the chelate was reconverted to the original
bis-/3-diketone by stirring overnight in 20% phosphoric acid.
It was identified by infrared spectrum and melting point.

Durham, N. C.

(18)
chemistry, Dr. Carl Tiedcke, Teaneck, N. J.

Mol. wt. determination by Laboratory of Micro-

[Contribution from the Department of Chemistry, Duke University]

Conjugate Addition of Phenylacetic Acid and Derivatives with a,/3-Unsaturated
Carbonyl Compounds by Means of Sodium Amide
CHARLES R. HAUSER and MARVIN T. TETENBAUM1

Received October 1957

Disodio phenylacetic acid prepared by means of two equivalents of sodium amide in liquid ammonia underwent conjugate
addition with benzalacetophenone and ethyl cinnamate to give excellent yields of products. Addition of cold acid to the
reaction mixture from the a,(3-unsaturated ester produced the corresponding di-acid instead of the intermediate mono-
acid-ester. Similarly the disodium salt of phenylacetamide gave with ethyl cinnamate under these conditions the mono-
acid-amide. However the monosodium salt of ethyl phenylacetate formed with this a,/3-unsaturated ester the corresponding

diester.

Ivanoff and co-workers2have effected the conju-
gate additions of phenylacetic acid to dypnone and
phorone by means of isopropylmagnesium chloride.
This Grignard reagent was employed to convert the
sodium salt of phenylacetic acid to its magnesium
chloride derivative which was condensed with the
a,/3-unsaturated ketones. The reaction may be il-
lustrated with dypnone (Equation 1).

ICILLOHMKCI
CEHXH2ZCOONa
MgCI au CeHs
I. C6H5C=CH- (o]
CBHXCHCOONa
Hol
ch3 ctb

! |
cthk—ch,c= o @

cthichcooh

(1) American Cyanamid Company Fellow, 1956-1957.

Although the yield was not given in this reaction,
a 75% vyield was reported for the corresponding re-
action with phorone.2

In the present investigation the conjugate addi-
tions of phenylacetic acid and certain of its deriva-
tives to benzalacetophenone and ethyl cinnamate
were effected by means of sodium amide in liquid
ammonia. Two molecular equivalents of this rea-
gent were employed to convert the phenylacetic
acid to its disodium derivative which rvas then con-
densed with the a,/3-unsaturated carbonyl com-
pound. The reaction with benzalacetophenone pro-
duced ketone-acid | in excellent yield (Equation
2).

(2
chim. France, [4], 51, 1321 (1932).

D. lvanoff, M. Mihova, and T. Christova, Bull. soc.



AUGUST 1958

CjHsCHiCOOlI

CsHj
Na 1 CiHiCH=CHi=0
CsHsCHCOONa —.
2. H»0, HC1
cth5

cthxhchZXZ=o @

CeH"HCOOH
|

The product evidently consisted largely of the
lower melting of the two possible diastereoiso-
mers of I. In an unsuccessful attempt to effect
cyclization of this isomer3 by means of polyphos-
phoric acid, the recovered ketone-acid melted at the
temperature reported for the higher melting isomer.

The two diastereoisomers of ketone-acid | have
previously been prepared%by the conjugate addi-
tion of methyl phenylacetate with benzalaceto-
phenone by means of sodium methoxide, followed
by the hydrolysis of the esters and separation of
the resulting isomeric ketone-acids both of which
were obtained in these reactions.

The conjugate addition of disodio phenylacetic
acid with ethyl cinnamate produced, on adding ice
water and acid, diacid I1 in 95% vyield (Equation 3).

a lig. NH3
CeHsCHCOONa + CAHBECH=CH—C =0 v >
| (ether)
OCZH5
CeHsCH—CH=C—ONa
1 1. NH3replaced by ether
och5 - — — - n
2. ice HsO, HC1
CeHsCHCOONa
CHBCHCHZO0H
CG—l&HCOOH (3)

The corresponding mono-acid-ester was pre-
sumably an intermediate, but it was not isolated
under the above conditions.6

Whereas the conjugate addition with benzalaceto-
phenone gave largely one of the diastereoisomers of
I, this reaction (Equation 3) produced a mixture
of the two possible isomers of 1.6

Like many Michael-type condensations, the
present conjugate addition was realized by means
of only a catalytic amount of sodium amide, al-
though the yield of product was lower. Thus, a 46%
yield of diacid Il was obtained when 20 mole

(3) Treatment of this compound with hydrogen fluoride
at room temperature produced an orange powder (m.p.
214-215°) which was not identified.

(4) S. Avery and G. C. Jorgensen, J. Am. Chem. Soc.,
52, 3628 (1930).

(5) The unexpected ease of hydrolysis of the ester group
is being investigated.

(6) D. Lednicer of this laboratory has found, by frac-
tional recrystallizations, that the crude conjugate addition
product consists of approximately equal amounts of the two
diastereoisomers.
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percent of this base was used to effect the ionization
of the a-hydrogen of sodium phenylacetate.
Actually 1.2 equivalents of sodium amide were
employed to one equivalent each of phenylacetic
acid and ethyl cinnamate, but one equivalent of
this base was neutralized in converting the acid to
sodium phenylacetate.

Similarly, disodio phenylacetic acid underwent
conjugate addition with benzyl cinnamate to give,
after treatment with cold acid, diacid Il, and
benzyl alcohol.

Also the disodium or dipotassium salt of phenyl-
acetamide underwent conjugate addition with ethyl
cinnamate to form the acid-amide 111 (71-89%)
(Equation 4). None of the corresponding ester-
amide, which would presumably be an intermediate,
was isolated under the condition employed.6

CHEHZLONH2 ---------- >

Na Na 1. CBHBCCH=CHCO00C Hi
CEHECHCONH >

2. ice HX, HC1

CHEH—CH2COOH

CG—li‘,HCONHZ @
11

On the other hand, sodio ethyl phenylacetate
prepared by means of one equivalent of sodium
amide was found to produce with ethyl cinnamate
under similar conditions the corresponding diester
1V in 65% yield (Equation 5).

CsHsCH.COOC:H>s mommmmoees > |

CBHSCH=CH- C=0
Na ¢ CiH
CsHsCHCOO0C:Hs >
lig. NHs (ether)

CHEH—CH=C—ONa
| h 2

och5

cthXhcoochb
cthbchchZ2oocthb

CH GEHGO@G% 5 ©
v

The product apparently consisted largely of the
lower melting diastereoisomer of 1V. Saponification
of this diester 1V with approximately one equiva-
lent of potassium hydroxide gave about a 50%
yield of diacid Il, and none of the corresponding
mono-acid-ester was isolated.

The lower melting isomer of diester 1V has pre-
viously been obtained in lowyield from ethyl phenyl-
acetate and ethyl cinnamate employing sodium
triphenylinethide.®The higher melting isomer of

(7) C. R. Hauser and B. Abramovitch, J. Am. Chem. Soc.,
62, 1763 (1940).
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IV has been obtained in high yield from this conju-
gate addition using sodium ethoxide.8

It should be mentioned that diacid Il (isomeric
mixture) was cyclized by means of hydrogen
fluoride to form apparently hydrindone V (48%).

\Y

This five membered ring product has previously
been obtained from the anhydride of diacid 11 by
means of aluminum chloride.89 Since the anhydride
has yielded the lower melting isomerDof diacid 11
on hydrolysis with alkaline carbonate, cyclic
product V might have arisen from this isomer.

EXPERIMENTALIL

Conjugate addition of phenylacetic acid with benzalaceto-
phenone. To a stirred suspension of 0.2 mole of sodium
amide in 100 ml. of liquid ammonial2was added 13.6 g. (0.1
mole) of solid phenylacetic acid. After the resulting green
solution of the disodium salt of the acid was stirred for 15
min., 20.8 g. (0.1 mole) of solid benzalaeetophenone was
added, ar.d the stirring continued for 1 hr. The liquid am-
monia was evaporated on the steam bath as an equal volume
of anhydrous ether was added. The resulting ether suspen-
sion was refluxed for 1 hr., and then decomposed with ice
water. The mixture, which contained a white precipitate,
was filtered, and most of the solid was washed through the
filter into the filtrate with dilute potassium hydroxide. The
aqueous alkaline layer of the filtrate w-as separated from the
ethereal layer, and acidified in the cold with hydrochloric
acid. There was obtained an excellent yield of ketone-acid
I, m.p. 185-187° and at 186-187° after tw-o recrystalliza-
tions from methanol. This was evidently the lower melting
diastereoisomer of | which has been reported to melt at 186-
187°.4The higher melting isomer of | has been reported to
melt at 260-261°,4 and a mixture of the two isomers at
240°.4

When a sample of our product (m.p. 186-187°) was heated
with polyphosphoric acidi3at 125-130° for 30 min., and the
reaction mixture then treated with iced hydrochloric acid,
there was recovered ketone-acid | melting at 263-265°
which was apparently the higher melting isomer.

Conjugate addition of phenylacetic acid with ethyl cin-
namate. The disodium salt of phenylacetic acid was prepared
from 0.2 mole of sodium amide and 0.1 mole of the acid in
300 ml. of liquid ammonia as described above, and a solu-
tion of 17.6 g. (0.1 mole) of ethyl cinnamate in an equal
volume of anhydrous ether was added w-ith stirring. The

(8) G. M. Badger, J. E. Campbell, and J. W. Cook,
Chem. Soc., 1087 (1949).

(9) For another preferential five-membered ring cycliza-
tion (over the usual six-membercd ring cyclization) see D.
Lednicer and C. It. Hauser, J. Am. Chem. Soc., 80, 3409
(1958).

(10) S. Avery and W. D. Maclay, J. Am. Chem. Soc., 51,
2833 (1929).

(11) Melting points are uncorrected. Analyses are by
Galbraith Microanalytical Laboratories, Knoxville, Tenn.

(12) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, VHI, 122 (1954).

(13) We are indebted to the Victor Chemical Works,
Chicago, 111, for a generous sample of polyphosphoric acid.
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green color of the disodium salt of the acid w-as discharged,
and a white precipitate was produced. After stirring for 1
hr., the liquid ammonia was replaced by ether (see above),
and the resulting ether suspension w?as refluxed for 30 min.
Ice v-ater was then added, and the aqueous alkaline layer
was separated and combined with three alkaline extracts
of the ether layer. After filtering to remove a small amount of
tar, iced hydrochloric acid was added to produce a white
precipitate which was dried overnight on the funnel. There
was obtained 27 g. (95%) of a,)S-diphenylglutaric acid (11)
m.p. 190-233°. This mixture of isomers of diacid Il w-as
crystallized four times from a mixture of ether and petroleum
ether (b.p. 30-60°) to give the higher melting isomer of II,
m.p. 228-233° (reported m.p. 226-228°).1014

Anal. Calcd. for CnHIi: C, 71.81; H, 5.67. Found:
C, 71.97; H, 5.70.

Similar results were obtained when solid ammonium
chloride was added to the reaction mixture in liquid am-
monia within a few minutes after the ethyl cinnamate was
added. The ammonia was then replaced by ether, and cold
water and acid added to the resulting ether suspension.

Conjugate addition with catalytic amount of base. To a
stirred suspension of 0.12 mole of sodium amide in 300 ml.
of liquid ammonia was added 0.1 mole of phenylacetic acid,
followed after 15 min. by 0.1 mole of ethyl cinnamate in an
equal volume of ether. After 2 hr. the reaction mixture w-as
worked up to give a 46% yield of di-acid I, m.p. 195-198°.
Some (34%) ethyl cinnamate was recovered. Regenerated
phenylacetic acid was detected.

Conjugate addition of phenylacetic acid with benzyl cin-
namate. Benzyl cinnamate was prepared in 92% yield from
one mole each of cinnamoyl chloride and benzyl alcohol, the
reaction mixture being heated on the steam bath for 1 hr.
and then at 200° for 30 min. The ester boiled at 183° at 3
mm. (reported boiling point 195-200° at 5 mm.).5

The ester (0.1 mole) in an equal volume of ether w-as added
to a stirred solution of disodio phenylacetic acid in liquid
ammonia prepared from 0.1 mole of the acid and 0.2 mole of
sodium amide as described above. After 1 hr. the liquid
ammonia was replaced by ether, and the resulting suspension
stirred for 30 min. Ice water was added, and the layers were
separated. The solvent w-as removed from the ether layer
and the residue was distilled in vacua to give a 65% vyield of
benzyl alcohol, b.p. 83-85° at 5 mm. (reported b.p. 92° at
10 mm.).’6 Acidification of the alkaline aqueous layer
precipitated a good yield of di-acid I1.

Conjugate addition, of phenylacetamide with ethyl cinnamate.
To a stirred suspension of 0.2 mole of sodium amide in 300
ml. of liquid ammonia was added 13.5 g. (0.1 mole) of solid
phenylacetamide. The resulting bright green solution of the
disodium salt of the amide weas stirred for 15 min., and 17.6
g. (0.1 mole) of ethyl cinnamate in an equal volume of ether
was then added. The liquid ammonia was replaced by ether,
and the resulting ether suspension was stirred for 1 hr. Ice
water was added, and the aqueous alkaline layer (after
filtering) was acidified with iced hydrochloric acid to pre-
cipitate 20 g. (71%) of mono-acid-amide IlIl, melting at
196-197°. One recrystallization from ethanol raised the
melting point to 204r-205° (reported m.p. 200-205°).0 A
mixed melting point with diacid Il w-as depressed to about
185°.

When the conjugate addition of phenylacetamide with
ethyl cinnamate w-as similarly effected by means of potas-
sium amide (instead of sodium amide), there was obtained
an 89% vyield of the mono-acid-amide IlI, m.p. 204-
205°.

(14) The lower melting isomer of Il is reported to-melt
at 208-210°; see Ref. 10.

(15) See Heilbron, Dictionary of Organic Compounds,
Oxford University Press, New York, N. Y., 1953, Vol. I,
p. 272.

(16) J. Meisenheimer, Ber., 41, 1420 (1908).
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A 2 g. sample of the mono-acid-amide 111 readily dissolved
in cold dilute potassium hydroxide solution. On refluxing
this solution for 3 hr., ammonia was evolved, and there was
obtained, on acidification of the cooled solution, 1.6 g.
(80%) of diacid 11, m.p. 216-217°. This melting point was
not depressed on admixture with diacid Il prepared from
the conjugate addition of phenylacetic acid and ethyl
cinnamate as described above. A mixed melting point with
the mono-acid-amide 111 was depressed to 185-190°.

Conjugate addition of ethyl phenylacetate with ethyl cin-
namate. To a stirred solution of 0.1 mole of sodium amide in
300 ml. of liquid ammonia was added 16.4 g. (0.1 mole)
of ethyl phenylacetate in an equal volume of ether, and the
resulting solution stirred for 15 min. A solution of 17.6 g.
(0.1 mole) of ethyl cinnamate in an equal volume of ether
was added, and the ammonia was replaced by ether. The
resulting ether suspension was refluxed on the steam bath
for 30 min., cooled, and decomposed with ice water. The
ethereal layer (with which was combined three ether ex-
tracts of the aqueous layer) was dried over Drierite, and the
solvent removed. The residue was distilled in vacuo to give
6.5 g. of recovered ethyl cinnamate, leaving a residue that
solidified after standing at room temperature for one day.
This solid was recrystallized from ethanol to give 22 g.
(65%) of white diester IV, m.p. 76-77° (lit. m.p. 75-75.5°).7
The higher melting isomer of diester IV is reported to
melt at 92-93°.7

A 6 g. sample of diester IV was refluxed 6 hr. with an

(17) W. Borsche, Ber., 42, 4497 (1909).
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aqueous solution of potassium hydroxide containing ap-
proximately an equimolar amount of this base. After cooling
and removing a small amount of gummy residue, the alka-
line solution was acidified with iced hydrochloric acid. The
resulting white precipitate was recrystallized from a mix-
ture of ether and petroleum ether (b.p. 30-60°) to give 2.5
g. (50%) of diacid 11, m.p. 193-196°. This melting point
was not depressed on admixture with a sample of diacid II.

Cyclization of diacid I1. A solution of 5 g. of diacid 11
in 150 g. of liquid hydrogen fluoride contained in a poly-
ethylene bottle was allowed to stand in a hood at room tem-
perature overnight, during which time the hydrogen fluoride
had evaporated. The resulting gummy residue was dissolved
in ether, and the yellow solution was poured into dilute
potassium hydroxide. The two layers were separated. The
orange-red aqueous alkaline layer was cooled in an ice bath
and acidified with iced hydrochloric acid to precipitate 4.5 g.
of a white semi-solid which was presumably hydrindone V.
This product resisted crystallization from the usual organic
solvents, but it readily gave a yellow-orange 2,4-dinitro-
phenylhydrazone in 48% over-all yield. After two recrystal-
lizations from ethanol, this derivative melted at 262-263°
(softened at 258°) in agreement with the melting point
reported for it when hydrindone V was prepared by the
cyclization of the anhydride of Il by means of aluminum
chloride.8

Anal. Calcd. for CZH19 6N4: C, 61.88; H, 4.06; N, 12.55.
Found: C, 61.66; H, 4.17; N, 12.75.

Durham, N. C.

[Contribution from the Department of Chemistry of the University of Rochester]

The Stability of Mixed Carboxylic-Carbonic Anhydrides

D. STANLEY TARBELL ana NORMAN A LEISTER1

Received February 3, 1958

Preparation of a considerable number of mixed carboxylic-carbonic anhydrides shows that they are more stable than
previously supposed. Some are stable crystalline solids, and many of the liquid ones can be distilled without decomposition.
They have been characterized by analysis, except in the case of some liquids which could not be distilled, and by the prep-

aration of solid derivatives.

The mixed carboxylic-carbonic anhydrides,
RCOOCOOR, have been widely used for the prepa-
ration of amide and particularly of peptide link-
ages.2’3lt has also been found that they can be used
for numerous acylation reactions on carbon, such
as acylation of malonic and acetoacetic ester,4the
formation of ketones from organocadmium com-
pounds,4 and preparation of diazoketones from

(1) Monsanto Fellow, 1956-57.

(2) J. R. Vaughan, Jr., J. Am. Chem. Soc., 73, 3547
(1951); R. A. Boissonnas, Helv. Chim. Acta, 34, 874 (1951);
T. Wie.and and H. Bernhard, Ann., 572, 190 (1951)

(3) E.g., J. R. Vaughan, Jr., and R. L. Osato, J. Am.
Chem. Soc., 73, 5553 (1951); 74, 676 (1952); J. R. Vaughan,
Jr., and J. A Eichler, J. Am. Chem. Soc., 75, 5556 (1953);
76, 2474 (1954); V. du Vigneaud, C. Ressler, J. M. Swan,
C. W. Roberts, P. G. Katsovannis and S. Gordon, J. Am.
Chem. Soc., 75, 4879 (1953); 76, 3107 (1954); B. R. Baker,
J. P. Joseph, R. E. Schaub, and J. H. Williams, J. Org.
Chem., 19, 1786 (1954).

(4) D. S. Tarbell and J. A. Price, J. Org. Chem., 22, 245
(1957).

diazomethane.46 In the recent work in which the
mixed anhydrides were utilized,2-6 generally no
attempts were made to isolate them, and the impres-
sion is given that they are unstable compounds.2’3
In early work,6several mixed anhydrides were pre-
pared from the acid and ethyl chiorocarbonate;
they were described as unstable oils and were not
characterized suitably. More recently, the mixed
anhydride has been isolated from benzylpenicillin
in the form of a rather unstable gum.7Small yields
of the mixed anhydrides I11 and 1V have been ob-
tained by oxidation of a-keto esters | and Il by

(5) B. R. Baker, F. J. McEvoy, R. E. Schaub, J. P.
Joseph, and J. H. Williams, J. Org. them., 18, 161 (1953).

(6) Knoll and Co., German Patent 117,267 [Chem. Zentr.,
72, 347 (1901); Friedlander, VI, 146].

(7) R. L. Barnden, R. M. Evans, J. C. Hamlet, B. A
Hems, A. B. A. Jensen, M. E. Trevelt, and G. B. Webb, J.
Chem. Soc., 3733 (1953); D. A. Johnson, J. Am. Chem. Soc.,
75, 3636 (1953).
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peracics; the products were purified by fractional
distillation, and showed satisfactory analyses.8

R'COm
RCOCOOEtt-——---- > RCOOCOOEt
I, R = CaH6 I, R = C&H5
I, R = CH3 IV, R = CH3

Cychc anhydrides, of the Type V, derived from
salicylic or glycolic acid, have been prepared, and
show reasonable stability.9 Nevertheless, as far
as we have been able to discover, there was no

crystalline mixed anhydride of the type III-1V
known, and only the examples mentioned above
appear to have been obtained pure.

We were therefore surprised to isolateD a
stable crystalline compound, whose analysis, in-
frared spectrum, and conversion to the amide
showed that it had the structure VI. Tnis compound
was obtained from an attempt to regenerate fuma-
gillin methyl ester by an esterification using the
mixed anhydride VI and the alcohol moiety of
fumagillin.ll The mixed anhydride VI was pre-

0 0

CiHZ®,0H + CH5OC—0—;(CH=CH)4AO0OCH3 — *-
VI

0

CiHZ 3—0—;(CH=CH)<COOCH3
+ C02+ chodh

pared in the usual way from methyl hydrogen
deeatetraenedioate? and was used in situ; the
mixed anhydride was isolated from the reaction
mixture.

This result suggested that mixed anhydrides
derived from high-melting carboxylic acids might
be stable compounds. Furthermore, the availability
of stable pure mixed anhydrides would permit the
investigation of a number of problems of both

(8) P. Karrer and F. Haab, Helv. Chim. Acta, 32, 950
(1949).

(9) L. A Dupont, French Patent 771,653 [Chem. Abstr.,
29, 816 (1935)]; A. E. Chichibabin, Compt. rend., 213, 355
(1941); W. H. Davies, J. Chem. Soc.. 1357 (1951). A cyclic
anhydride similar to V has been obtained by D. Burn and
W. Rigby, J. Chem. Soc., 2967 (1957) by degradation of
marrubiin.

(10) We are indebted to Dr. John A. Price for this
experiment.

(11) For studies on the structure of fumagillin, see J. R.
Schenck, M. P. Hargie, and A. lsarasena, J. Am. Chem.
Soc., 77, £606 (1955); D. S. Tarbell, P. Hoffman, H. R.
Al-Kazimi, G. [A Page, J. M. Ross, H. R. Vogt and B.
Wargotz, J. Am. Chem. Soc., 77, 5610 (1955); J. M. Ross,
D. S. Tarbell, W. E. Lovett and A. D. Cross, J. Am. Chem.
Soc., 78, 4675 (1956).

(12) C. J. Brown and J. K. Landquist, Chem. and Ind.
{London), 973 (1953).

TARBELL AND LEISTER

VOL. 23

synthetic and mechanistic character, which would
increase our knowledge of the chemistry of this
class. We have therefoie undertaken a survey of
the preparation of representative mixed anhydrides,
the results of which are shown in Table I.

The assignment of the mixed carbonic-carboxylic
anhydride structures to these materials is based on
the elementary analysis, the typical anhydride
double peaks (separated by about 60 cm.-1) in the
carbonyl region of the infrared, and, in a number of
cases, the preparation of solid derivatives. The
mixed anhydrides can decompose by the following
paths13

O O 0]
Rc—O—('—0—C:Hs — > R<LOC:Hs + CO0: (A)
0] )
rA-o-4
0
+ cszog—ocsz + C0: (B)

The occurrence of either of these modes of reaction
in our samples would be apparent from the elemen-
tary analysis, since both paths A and B involve
elimination of carbon dioxide; furthermore, A
yields the ester RCOOCVI 5 and B gives the di-
alkyl carbonate CH®—COOCZHSs. These types
have normal ester carbonyl absorption in the in-
frared, and their absence in the mixed anhydride
samples is clear from the infrared spectra of these
samples.

The method of preparation of the mixed anhy-
drides involved washing with aqueous bicarbonate
solution, and it is apparent that this treatment does
not decompose the anhydrides. The mixed anhy-
drides can therefore be made at room temperature
and without particular regard to the exclusion of
water. This was demonstrtaed by the preparation of
the propionic anhydride, in refluxing ether and with
undried undistilled reagents. The product prepared
under these conditions gave the same yield of pro-
pionanilide as the product prepared at 0° under
anhydrous conditions.

It is possible, of course, that mixed anhydrides
derived from acylaminoacids, which are the ones
most carefully investigated heretofore,2’3are more
unstable than the unaminated types described here.

EXPERIMENTAL14

Preparation and isolation of carboxylic-carbonic anhy-
drides. A dry ethereal solution of equimolar quantities of the

(13) J. Herzog, Ber., 42, 2557 (1909); A. Einhorn, Ber.,
42, p. 2772; T. Wieland and H. Bernhard, Ann., 572, 190
(1951).

(14) Melting points are uncorrected. Microanalyses are
by Miss Annette Smith and Microtech Laboratories.
Yields are based on starting materials taken and do not
take into account any recovered starting material.
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TABLE 1
Mixed Carboxylic-Carbonic Anhydrides
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pure acid and freshly distilled triethylamine was cooled to
0° in an ice bath. With stirring, an equivalent amount of
ethyl chlorocarbonate was slowly added so that the tem-
perature remained near 0°. The mixture was stirred an
additional 1.5 hr. during which time it slowly warmed to
room temperature. The amine salt was filtered (nearly
quantitative yield in every case) and washed with ether.
The combined filtrate was washed with sodium bicarbonate
solution and water, and after drying over magnesium sul-
fate was evaporated under vacuum at room temperature.
The crystalline mixed anhydrides were recrystallized for
analysis from ether-petroleum ether or benzene-petroleum
ether.

Methyl hydrogen decatetraene-dioate was prepared2 by the
action of methanolic sodium hydroxide on fumagillin and
melted at 209-210°; the reportedR2value is 217-218°.

Methyl hydrogen decatetraene-dioic acid chloride and amide.

LEISTER AND TARBELL
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A mixture of 0.50 g. of methyl hydrogen decatetraenedioate,
0.6 g. of phosphorus pentachloride, and 10 cc. of petroleum
ether was refluxed for 1.75 hr. The solvent and phosphorus
oxychloride were removed under reduced pressure, yielding
0.28 g. of product, m.p. 151-154° with decomposition.

Anal. Calcd. for CnHuC103: C, 58.28; H, 4.90. Found:
C, 58.32; H, 5.05.

Treatment of a chloroform solution of the ester acid
chloride above with ammonia gas gave a white precipitate
of the corresponding amide, m.p. 209-210° after recrystal-
lization from aqueous methanol. This product gave no de-
pression on mixed melting point 'with the amide prepared
by action of ammonia gas on the mixed anhydride VI.

Anal. Calcd. for CnHINO03: C, 63.75; H, 6.32. Found:
C, 63.33; H, 6.50.

Rochester, N. Y.

[Contribution from the Department of Chemistry of the University of Rochester]

Action of Secondary Amines on Mixed Carboxylic-Carbonic Anhydrides; the
Factors Favoring Urethan Formation Instead of Amide Formationl

NORMAN A. LEISTER2 ana D. STANLEY TARBELL
Received February 3, 1968

The action of a series of ten secondary amines on benzoic-carbonic anhydride leads in each case to urethan formation in
addition to amide formation, with urethan predominating in most cases. Increasing the steric hindrance around the amino
nitrogen increases the ratio of urethan to amide. A series of mixed anhydrides in which the carboxylic acid component
was varied was treated with V-methylaniline. Pivalic acid and aromatic acids gave more urethan than amide; other acids,
without alkyl or aryl substitution on the a-carbon, gave more amide than urethan. The results are discussed in the light of

other work on reactions of unsymmetrical anhydrides.

It has been shown that mixed carboxylic-carbonic
anhydrides are very useful for acylation of primary
amines to form amides,1 and for formation of
phthalimides from phthalamic acids,3as well as for
various acylations on carbon.14We were therefore
surprised to find that an attempt to prepare the bis-
amide from ./V-methylaniline and a phthalic acid
derivative gave a very unsatisfactory result. A study
of the action of ./V-methylaniline on benzoic-
carbonic anhydride showed that the main product
was A-methyl-.VV-phenylcarbamate, instead of the

0 0]

L, 1
CEH 6C-;- -COCH5+ R'R"NH
toluene

(1) Previous papers in this field: (a) D. S. Tarbell and
J. A Price, J. Org. Chem., 22, 245 (1957); (ft) D. S. Tarbell
and N. A Leister, J. Org. Chem., 23, 1149 (1958). Reference
16 contains adequate references to the earlier literature.

(2) Monsanto Fellow, 1956-1957.

ether-

expected W-methylanilide. The action of a series of
representative secondary amines on this mixed
anhydride was therefore studied, as well as the
action of A-methylaniline on a series of mixed an-
hydrides in which the carboxylic acid component
was varied. The results show that, secondary amines
usually react with mixed carbonic anhydrides to
form a mixture of urethan and amide; the former
may predominate, depending on the compounds in-
volved. These results may be useful in considering the
mixed carbonic anhydrides for synthetic operations.

o)
n

CsH:CNR'R" + CdLOH + CO»
0 0

| I
CHZCOH + R'R"NCOC:Hs

R'R"NH + CO.
0 0
+ (CHIND + (CHD)2

(3) B. R. Baker, J. P. Joseph, R. E. Schaub, and J. H.
Williams, J. Org. Chem., 19, 1786 (1954).

(4) J. A Price and D. S. Tarbell, Org. Syntheses, 37, 20
(1957).
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The possible reactions between a secondary amine
and benzoic-carbonic anhydride are indicated
above.b

Path A involves attack of the amine nitrogen on
the carboxylic carbonyl, with splitting at “a” to
give the amide. In path B, the carbonate carbonyl
is attacked by the amine, and the bond at “b” is
broken, resulting in urethan formation and regenera-
tion of benzoic acid. Path C corresponds to no re-
action with the amine, but instead, disproportiona-
tion of the mixed anhydride leads to benzoic anhy-
dride, diethyl carbonate, and carbon dioxide.

A series of secondary amines was allowed to react
with the anhydride under standard conditions, the
products were separated and purified by ordinary
methods, and percentage yields were determined.
The results are shown in Table I. All of the products
obtained corresponded to those expected from paths
A, B,and C.

TABLE |

Reactions of Secondary Amines with Benzoic-Carbonic
Anhydride

Products
% B (Unre-
% A (Ure- acted %A/
Amine (Amide) than) (Acid) amine) %B
(CH3ANH 28« 19« 43 —4 Ca. 1.0
(C:HB)NH 29 49 58 0.59
(CH:).CHANH 4 44 40c 40c 0.09
o ™ 50 34 39 — 1.5
15 67 67 10 0.22
\' A~ ch3
16 66 o8 4 0.24
O rCH3
O!\z NH
\'— cl:hs 9 63 54 24 0.14
ch3
CzHSUDCCHleH 9.5 72 80 — 0.13
chs
(CBH@Z\IH 4 0 (1) 0 (1) 86 4

“1 hese yields are lower than the actual amount of mate-
rial generated in the reaction. Losses were due to the rela-
tively high volatility and water solubility of these com-
pounds. s The dash (—) signifies that the yield was small
and could not be conveniently determined. c Isolated as
diisopropylamine benzoate.

A brief inspection of the results in Table | indi-
cates that the reaction of secondary amines with
benzoic-carbonic anhydride is not generally a good
method for the preparation of amides. The particu-
larly low yield of the amide derived from ethyl
sarcosinate would perhaps indicate that the pro-
cedure is also inapplicable to the preparation of

(5) W. H. Davies, J. Chem. Soc., 1357 (1951), observed
formation of a carbamate from aniline and the anhydride
of O-earboxysalicylic acid.
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AFsubstituted peptide linkages, although mixed
anhydrides other than benzoic-carbonic anhydride
may give better yields. Nevertheless, most amino
acids have bulky residues on the «-carbon atom and,
since such substitution seems to hinder amide for-
mation markedly, the general usefulness of the
method is questionable. By analogy with the
mechanisms proposed for nucleophilic attack on
carboxylic anhydrides,67it is assumed that there is
involved in these reactions a rate-determining
nucleophilic attack of the amine nitrogen on one of
the carbonyl carbons of the mixed carbonic anhy-

0 0
Il Il
c- O0- c- oczhs

\

R'—NI—R"
H

dride. Competition for the amine nitrogen is thereby
established between the two carbonyl carbon atoms.
Since paths A and B are not reversible and the
products of each are not interconvertible, the
relative amounts of products formed from the two
cannot be thermodynamically controlled but rather
must be Kinetically controlled. Thus, the amide to
urethan ration (A/B), as given in Table I, is a
measure of the relative rates of attack of the amine
on one or the other of the two carbonyl carbon
atoms.

Table | shows a sharp decrease in the A/B ratios
as methyl groups are added to the «-carbons of the
amines in the series dimethyl-, diethyl-, diiso-
propyl-amine. A similar decrease is observed in the
piperidine-2-methylpiperidine pair, and the N-
methylaniline - iV-ethyl-2-methylaniline pair. The
rate of reaction according to path A is being di-
minished more than that according to path B.
This is most plausibly attributed to the steric ef-
fect of increasing substitution around the nitrogen,
and not to changes in the intrinsic nucleophilicity of
the nitrogen. Path B would be expected to be less
sensitive to changes in steric requirements than
path A It is known that increasing substitution in
alcohols diminishes the rate of acylation by acid
chlorides.8

Furthermore. Hall has recently shown9 the
rate of acylation of amines by ethyl chlorocarbon-
ate to be very sensitive to increasing substitution
around the amino nitrogen; the relative rates of
reaction of piperidine, 2-methylpiperidine, s-butyl-
amine and i-butylamine with this acylating agent
are approximately 104 102 10, and 1 It has been

(s) A, R. Emery and V. Gold, J. Chem. Soc., 1456
(1950).

(7) D. B. Denney and M. A. Greenbaum, J. Am. Chem,
Soc., 79, 3701 (1957).

(s) J. F. Norris and A. A. Ashdown, J. Am. Chem. Soc.,
47, 837 (1925); J. F. Norris and F. Cortese, J. Am. Chem.
Soc., 49, 2640 (1927).

(9) H. K. Hall, Jr., J. Am. Chem. Soc., 79, 5439 (1957).
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shown that the catalytic effect of tertiary amines on
the hydrolysis of acetic anhydride is diminished by
increasing substitution on the «-carbon of the
amines.D

The behavior of diphenylamine does not follow
the above pattern ; it reacts only slightly, but gives
exclusively amide and no urethan. This is possibly
connected with its low basicity.

In order to gain some insight into the effect of
changes in the carboxylic portion of the mixed
anhydride in these reactions, iV-methylaniline was
treated with a series of carboxylic-carbonic anhy-
drides in which the carboxylic group was varied in
size and conjugation. The same standard conditions
and methods of product separation were employed
as in the study just described, and the results are
given in Table II.

TABLE I

JV-Methylaniline
Carbonic Anhydrides

R eactions op with Carboxylic-

ether
RCOOCOOCjHs + CsHsN—H — >m Products
|

CHs
Products
% B (Unre-
% A (Ure- acted %A/
R— (Amidel than) (Acid) amine) %B
¢80-Clls— 64 o« 1) o (<1) 12 >64
CILOILCIL - 75 5 8.9
oshsch=ch— 63 17 20 5 3.7
CH,(CH=CHV- 49 20 29 4 2.5
lert-C,U,i o«i) 32 1° 65 <0.03
csh 5 16 66 68 5 0.24
JDQANCH. 29 39 38 11 0.74
p-CILOCoH. 8" 47 58 41 0.17

aNot isolated. s Generated pivalic acid reacted with
mixed anhydride to give s s % of pivalic anhydride.

It is immediately evident that good yields of
Ar-methylanilides can indeed be obtained with
certain carboxylic-carbonic anhydrides. Others,
however, such as pivalic- and benzoic--carbonic
anhydrides give mainly the urethan. In the first
four cases listed the degree of extended conjugation
is varied widely and yet the yields of amides change
very slightly. On the other hand, a change in the
extent of «-substitution, such as that in going from
isovaleric- to pivalic-carbonic anhydride, effects
an absolute reversal of reaction course. Seemingly,
then, the degree of conjugated unsaturation is of
relatively little importance as compared with the
degree of substitution of the «-carbon atom in the
carboxylate grouping. On the basis of the results
given in Tables | and Il it can thus be concluded
that this method is most probably suitable for the
preparation of tertiary amides if the secondary
amine does not contain a high degree of steric bulk

(10) V. Gold and E. G. Jefferson, J. Chem. Soc., 1409
(1953).
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about the nitrogen atom and if the «-carbon of the
carboxylate grouping is not highly branched.

A comparison of the results with hydrocinnamic,
cinnamic, and sorbic anhydrides shows that con-
jugation decreases the reactivity of the carbonyl
carbon, relative to the carbonate carbonyl. This is
in agreement with observations1l which show that
«,/3-unsaturated esters are hydrolyzed by base at a
somewhat slower rate than the corresponding
saturated esters.

The reactivity of the carboxyl carbonyl in the
benzoic anhydride is increased by the presence of
the electron-withdrawing p-nitro group, and is
decreased by the electron-donating p-methoxyl
group. These effects on the reactivity are similar to
those shown by electron-donating and -withdrawing
groups on the rate of alkaline hydrolysis of esters
of substituted benzoic acids,2and may be taken as
support for the assumption that- in the present re-
actions, as in the alkaline hydrolysis of esters, the
rate-determining step is the attack of the nucleo-
phile on the carbonyl carbon atom.

It is apparent that in general the rates of re-
action by paths A and B are of the same order of
magnitude; path A can be slowed down markedly by
changes in both the environment of the carboxyl
carbonyl group and the nature of the attacking
nucleophile. The retardation is doubtless due mainly
to steric effects.

EXPERIMENTALI13

Reactions of secondary amines with benzoic-carbonic anhy-
dride. A solution of 12.2 g. (0.1 mole) of benzoic acid and
10.1 g. (0.1 mole) of dry triethylamine in 150 cc. of dry
toluene and 50 cc. of dry ether was cooled to —5 to 0° in
an ice salt bath. With stirring, 10.8 g. (0.1 mole) of ethyl
ehlorocarbonate was added from a Dry Ice-cooled addition
funnel at such a rate that the temperature did not exceed
0°. The mixture was stirred for 0.5 hr. at this temperature.
The secondary amine (0.1 mole) was then added from the
Dry Ice-cooled addition funnel (solid amines were dissolved
in ether) and the mixture stirred another 0.5 hr. at 0°. After
warming to room temperature overnight, the triethylamine
hydrochloride was filtered, washed several times with ether
and dried. An essentially quantitative yield (95-99%) was
obtained in each case.

The filtrate was in general washed with dilute hydro-
chloric acid, then with saturated sodium bicarbonate solu-
tion, and finally with water. Acidification of the bicarbonate
solution yielded the benzoic acid, which was collected and
weighed. The organic solution was dried and distilled under
reduced pressure. The benzamides and carbamates obtained
in this way, which were known compounds, were found to
agree satisfactorily in physical properties with those re-
ported in the literature. The infrared spectra were deter-
mined in some cases, and the carbonyl frequencies agreed
with the expected values. The reactions yielding new com-
pounds are described below.

(11) P. Heinanen, Ann. Acad. Sci. Fennicae, Ser. A, |1,
No. 9 (1943); Chem. Abstr., 40, 3672 (1946).

(12) C. K. Ingold and W. S. Nathan, J. Chem. Soc., 222
(1936); E. Tommila and C. N. Hinshehvood, J. Chem. Soc.,
1801 (1938).

(13) See footnote 14 of reference Ib.
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Diisopropylamine. The precipitated triethylamine hydro-
chloride was filtered at 0°, after which the diisopropylamine
was added to the filtrate and the reaction mixture stirred
0.5 hr. at the low temperature. After warming to room tem-
perature overnight, the solution had deposited 8.9 g. (40%)
of diisopropylamine benzoate, m.p. 132-154°. (Recrystal-
lization of this material from ethanol-ether did not change
the melting point behavior, which was also exhibited by an
authentic sample prepared by addition of diisopropylamine
to benzoic acid in ether.) Washing the reaction filtrate with
dilute acid and base gave no isolable unreacted amine or
regenerated benzoic acid. Fractional distillation of the
neutral material yielded 7.65 g. (44%) of ethyl WpV-diiso-
propylcarbamate, b.p. 83-87.5°/20 mm., nD i.4294.

Anal. Calcd. for CgHisN02 C, 62.39; H, 11.05. Found:
C, 62.72; H, 11.02.

Further distillation produced 1.0 g. of A'.V-diisopropyl-
benzamide, b.p. 1647174°/20 mm., which partially solidified
on standing. After several recrystallizations from ligroin it
had m.p. 69-71° (0.8 g., 4%).

Anal. Calcd. for CiHINO: C, 76.05; H, 9.33. Found:
C, 76.29: H, 9.63.

Further distillation afforded 4.1 g. (36%) of benzoic
anhydride.

2-Methylpiperidine. Extraction of the filtered reaction
solution with dilute hydrochloric acid gave about 1 g.
(10%) of unreacted 2-methylpiperidine. Extraction with
sodium bicarbonate solution suelded 8.15 g. (67%) of regen-
erated benzoic acid, m.p. 121-123°. Drying and removal of
the solvent from the remaining neutral solution afforded a
colorless liquid, which upon distillation produced 11.5 g.
(67%) of the colorless liquid A-carbethoxy-2-methylpiperi-
dine, b.p. 53-57°/0.3 mm., nZ 1.4561 to 1.4579.

Anal. Calcd. for CsH»/NO:: C, 63.13; H, 10.00. Found:
C, 62.45; H, 9.83.

Further distillation of the residue gave rise to 3.7 g. of a
viscous liquid, b.p. 127-134°/0.3 mm., which did not crystal-
lize. Chromatography on acid-washed alumina and elution
with 50% ether-ligroin gave a total of 3.0 g. (15%) of
colorless prisms of iV-benzoyl-2-methylpiperidme, m.p.
45.5-48°. 4

Ethyl sarcosinate. Washing of the filtered reaction solution
with dilute hydrochloric acid yielded only a trace (1%) of
unreacted amine. Sodium bicarbonate extraction gave 6.5 g.
(80% from 0.067 mole of reactants) of benzoic acid. Frac-
tionation of the dried, neutral solution afforded 9.1 g. (72%)
of product, b.p. 118-122° (20 mm.), «2F 1.4290 to 1.4295.

(14) H. Bunzel, Ber., 22, 10f>4 (1889), reports a m.p.
44-45°,
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Anal. Calcd. for C8HieN 04: C, 50.78; H, 7.99. Found: C,
51.01; H, 8.47.

The residue of the above distillation was redistilled at a
lower pressure to give 1.4 g. (9.5%) of ethyl iV-benzoyl-
sarcosinate, as a viscous oil, b.p. 130-137° (0.5 mm.) which
slowly crystallized on standing (m.p. 37.5-40.5°).

Anal. Calcd. for CiHi5iSI03: C, 65.14; H, 6.83. Found:
C, 64.88; H, 6.94.

Reactions of N-methylaniline with carboxylic-carbonic
anhydrides. A solution of 0.1 mole of the pure acid and 10.1
g. (0.1 mole) of freshly distilled triethj-lamine in 200-300
cc. of dry ether or toluene was cooled to —5 to 0° in an ice
salt bath. To this stirred solution was added 10.8 g. (0.1 mole)
of ethyl chlorocarbonate from an addition tube cooled with
Dry lIce. The mixture was stirred 0.5 hr. after the addition
was complete. Freshly distilled iV-methylaniline (10.7 g., 0.1
mole) was then added from the cooled addition tube, and
after another 0.5 hr. stirring at 0°, the mixture was allowed
to warm to room temperature overnight. The precipitated
triethylamine hydrochloride was filtered, washed, and dried,
and weighed 12.5-13.5 g. (91-97%). The filtrate was washed
three times with dilute hydrochloric acid, five times with
saturated sodium bicarbonate solution and once with water.
Addition of sodium hydroxide to the acid washes precipi-
tated the unreacted amine. Acidification of the basic washes
yielded the regenerated acids which were filtered and dried
in the cases cf the solid acids or extracted with ether in the
cases of the liquid acids. Their identification was established
by melting points or infrared spectra. The neutral solution
was dried, and after removal of the solvent, was in most cases
fractionally distilled. The products formed, the amides,
ethyl A-methyl-AZphenylcarbamate and the symmetrical
acid anhydrides, if present, were identified by their boiling
point, refractive index, or melting point, and by their
infrared spectra. In order to save space the details of
separation and identification are omitted.

Sorbic-carbonic anhydride. Upon standing a few minutes,
the neutral yellow oil as above, (20.5 g.) deposited 7.3 g. of
colorless needles, which were recrystallized from ligroin,
m.p. 87.7-88.7°. Cooling of the mother liquors in ligroin
gave another 2.6 g. (total yield, 49%). The analytical sample
was recrystailized from hexane and had m.p. 87-88°.

Anal. Calcd. for CIHINO: C, 77.58; H, 7.51. Found:
C, 77.54; H, 7.76.

Distillation of the mother liquors yielded 3.5 g. (20%)
of ethyl jV-methyl-jV-phenvicarbamate, b.p. 136-139° (20
mm.), n"™ 15125 to 1.5143.

Rochester, N. Y.
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Reactions of Conjugated Fatty Acids. VII. Catalytic Cyclization and
Aromatization of cis,tr<ms-Octadecadienoic Acid with Selenium1

H. M. TEETER, E. W. BELL, ana M.

J. DANZIG2

Received December 16, 19-57

When cisjraiis-conjugated methyl linoleate was heated at 250° with selenium, the product consisted of a mixture of
isomeric cis- and ¢;rares-octadecenoates and eyclized material that appeared to be a mixture of dialkjdbenzene and dialkyl-
cyclohexene and could be converted to o-phthalie acid in 54% vyield. In the presence of hydrogen acceptors, the ratio of
octadecenoate to cyclic product was decreased. Results of a kinetic study suggest that the first step in the reaction is a rapid
isomerization of cfsjrans-eonjugated methyl linoleate to the trails,trans isomer and that it is the latter that cyclizes.

During studies3 of the use of selenium as a
catalyst in preparing Diels-Alder adducts from
dienophiles and cis,¢raws-conjugated methyl lino-
leate, it was observed that when the cis, trans-
conjugated ester was heated to 250° with selenium,
but in the absence of a dienophile, it was converted
to a material no longer containing significant
amounts of diene conjugation. At first it was pre-
sumed that polymerization could account for this
result, but when it was found that the reaction
product left a negligible residue upon conventional
vacuum distillation, it was evident that a reaction
of unanticipated nature had taken place. This paper
reports the results of our investigation of the effect
of selenium upon cis, j(raras-conjugated methyl
linoleate.

The reaction product obtained by heating cis,
frans-conjugated methyl linoleate with selenium at
250° was separated by complexing with urea into a
complex-forming fraction (A, 67%) and a non-
complex-forming fraction (B, 31%). On the basis
of iodine number, ultraviolet and infrared spectra,
fractional crystallization of its component fatty
acids, and the dibasic acids resulting from oxida-
tion with permanganate-periodate,4Fraction A ap-
pears to be a mixture of isomeric methyl cis- and
irons-octadecenoates having unsaturation in posi-
tions 7 through 14, with little or no stearate present.

Since Fraction B did not complex with urea, it
was presumably some type of eyclized fatty acid
derivative. If cyclization and aromatization of the
cfs,(rans-conjugated methyl linoleate had taken
place, the product would be a dialkylbenzene that
would show characteristic absorptions in its ultra-
violet and infrared spectra. In the ultraviolet, an
absorption peak was observed at 272 m”® and a
shoulder at 242.5 m’x. A very strong absorption was
found at 752 cm.“1in the infrared and a weaker ab-

(1) Presented at the fall meeting of the American Oil
Chemists” Society, Cincinnati, Ohio, Sept. 30-Oct. 2, 1957.

(2) Present address, Lord Manufacturing Co., Erie, Pa.

(3) H. M. Teeter, E. W. Bell, J. L. O’Donnell, M. J.
Danzig, and J. C. Cowan, J. Am. Oil Chemists’ Soc., 35,
238 (1958).

(4) E. P. Jones and J. A. Stolp, J. Am. Oil Chemists’
Soc., 35, 71 (1958).

sorption at about 700 cm.“ 1A band in the range of
735 to 770 cm.“ 1would be expected for a dialkyl-
benzene.5 Infrared absorption for isolated trans
bonds was not present.

Fraction B was aromatized by successive treat-
ment with xV-bromosuccinimide and ANiV-dimethyl-
aniline and then oxidized with potassium permanga-
nate. o-Phthalic acid was obtained in 54% yield.

The strong infrared absorption at 752 cm."1
shown by Fraction B, its ultraviolet spectrum, low
iodine number (approx. 22), and conversion in good
yield to o-phthalic acid, are consistent with the
interpretation that this fraction is a mixture of
aromatic and hydroaromatic compounds, specific-
ally a dialkyl benzene and a dialkyl cyclohexene.
From the iodine number, about 25% of Fraction B
appears to be dialkylcyclohexene.

A recent paper by Floyd et al.6 describes the
aromatization of nonconjugated linoleic acid with
palladium as a catalyst. Stearate (18%), mono-
olefins (40%), aromatic compounds (30%), and
polymers (7%) were obtained. Dialkyl cyclohexene-
type products were not reported. The aromatic
fractions obtained by these workers had infrared
spectra similar to those of the noncomplexing frac-
tion of the present report. Absorption near 273 m/x
was prominent in all aromatic fractions.

A brief study was made of the kinetics of the re-
action of selenium with cis,trans-conjugated methyl
linoleate. It was found that total conjugation is lost
during the reaction at essentially the same rate as
trans,trans conjugation whereas cis,traris conjuga-
tion is lost at a considerably more rapid rate (Fig-
ure 1). These results suggest that the first step in the
reaction is a rapid isomerization of the cis,trans
isomer to the trans,trans and that it is the latter that
cyclizes. Construction of molecular models shows
that cyclization by joining the two a-positions of a
diene should occur readily with the trans,trans
configuration but not with the cis,trans.

(5) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, John Wiley and Sons, New York, 1954, p. 55.

(6) D. E. Floyd, R. F. Paschke, D. H. Wheeler, and W. S.
Baldwin, J. Am. Oil Chemists’ Soc., 33, 609 (1956).
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The detailed mechanism whereby selenium brings
about ring closure of trans,trans-conjugated methyl
linoleate is not known. However, the over-all effect
must be abstraction of a hydrogen atom from each
of the methylene groups adjacent to the diene
system to produce a cyclohexadiene derivative
such as I. The hydrogen abstracted is presumably

H

H
I

transferred to another molecule of conjugated
linoleate, reducing it to an octadecenoate. The
cyclohexadiene | could then be further dehydro-
genated by another conjugated linoleate to yield
the dialkylbenzene and a second octadecenoate
molecule. Alternatively, | could disproportionate to
dialkyl benzene plus dialkyl cyclohexene. This
disproportionation appears to be the only way in
which the latter could be formed.

The molecular ratio of octadecenoate to cyclized
product would be 2:1 if aromatization were complete
and no dialkylcyclohexene were formed. This ratio
would be 1:1 if aromatic and cyclohexene deriva-
tives were formed only by disproportionation of the
cyclohexadiene I. Intermediate ratios would be
expected if both routes to aromatic were followed.
The ratio observed in our experiments is about
2.2:1. If one stearate is considered equivalent to
two oleate molecules, the results of Floyd6indicate
a ratio of about 2.5:1. The ratio of octadecenoate to
the cyclized product observed in our work, to-
gether with the iodine number and spectral prop-
erties of the cyclized material, suggest that aro-
matic substances were probably produced by both
routes.

If a hydrogen transfer process is involved in the
cyclization and aromatization of conjugated methyl
linoleate, the ratio of octadecenoate to cyclized
product would be expected to change if the re-
action were carried out in the presence of a hydro-
gen acceptor. When crotonic acid was used as a
hydrogen acceptor, a ratio of about 1.3:1 was ob-
served. With nitrobenzene as acceptor, cyclized
product was obtained in 29% vyield, but no ap-
preciable amount of octadecenoate was recovered.
However, this reaction appeared to be very com-
plex. and considerable amounts of unidentified
tarry by-products were obtained. Cyclic material
found in this reaction showed a strong band at 273
mn in the ultraviolet as well as strong bands at
752 and 704 cm.-1 in the infrared. Identification of
aniline in the reaction mixture shows that hydrogen
transfer to nitrobenzene took place during the
reaction.

EXPERIMENTAL

Methyl linoleate (n®, 1.4578; iodine number, 172.3) was
prepared by debromination of tetrabromostearic acid in
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methanol solution.7 Alkali-isomerization8 gave conjugated
linoleic acid: a = 100 l.g.-1 cm.-1 at 233 mp.; ra® 1.4793.
The methyl ester of the conjugated linoleic acid (n™ 1.4694;
acid value 2.4) showed 90.5% cis,trans and 12.8% trans,trans
conjugation as determined by infrared analysis.

Reaction cf cis-trans-conjugated methyl linoleate with
selenium. A Parr medium pressure, stainless-steel, hydro-
genation apparatus was charged with 50 g. of conjugated
methyl linoleate, 250 ml. of heptane, and 1 g. of selenium.
The apparatus was flushed with nitrogen, and nitrogen was
then introduced to 40 p.s.i. The vessel was then sealed and
heated with constant stirring at 250° for 4.5 hr. After
cooling, the reaction mixture was filtered, and the solvent
was removed under reduced pressure. The residue (49.9 g.)
had an iodine number of 67 and 0.0% conjugation as deter-
mined by ultraviolet analysis.

To remove selenium, this residue was stirred with mer-
cury for 3 hr. and decanted from the metal; 44.4 g. of ester
was recovered.

Urea separation of deselenized product. The deselenized
residue was separated into an urea-complexing fraction (I,
67%) n™ 1.4523, and a nonurea-complexing fraction (Il,
30.8%) n® 1.4868, by the following procedure:

The deselenized residue (44.4 g.) was added to a warm
solution of 310 g. of urea and 500 ml. of methanol. The mix-
ture was allowed to crystallize at room temperature over-
night. The precipitate containing the urea-complexing frac-
tion was filtered with suction and washed with a saturated
methanol solution of urea. The urea complex was then de-
composed by mixing with about 200 ml. of 10% aqueous
hydrochloric acid. The mixture was extracted four times
with 50-ml. portions of ethyl ether. The combined ether
extracts were washed neutral with water and dried over
anhydrous sodium sulfate. An ester (29.7 g.) was recovered
(Fraction A).

Urea-complexing fraction. Distillation of 28.6 g. of Frac-
tion A in vacuo yielded fractions as shown in Table I.

TABLE |

Fractional Distillation of Urea-Complexing Fraction
from Selenium-Treated Conjugated Methyl Linoleate

Frac- lodine

tion BPij Weight, Num- ~

No. °C./Mm. G. ber o5
A-l U8-127°/0.25 8.1 86.5 1.4496
A-2 132-14070.1 8.0 82.3 1.4497
A-3 134-14070.025 10.8 86.8 1.4509
Residue — 1.5 - —

Because fractions A-l to A-3 differed only slightly in
properties they were combined and saponified to obtain the
acids (iodine number 90; neut. equiv. 280; diene conjuga-
tion <1%). When a sample of these acids was recrystal-
lized from ethanol, the highest melting fraction isolated had
m.p. 39-44°. This fraction is presumed to be elaidic acid,
since a mixed melting point with authentic elaidic acid
showed no depression.

Another sample of the acids was submitted to analytical
oxidation with permanganate-periodate in accordance with
the procedure of Lemieux and Von Rudloff9 as modified
by Jones and Stolp.4

Total recovery of mono- and dibasic acids was 93%.
The following dibasic acids were recovered in the mole
percentages shown: C7 3.9%; C8 8.1%; C9 11.4%; Cm,
14.0%; C,,, 13.6%; C12 12.0%; C13 10.1%, CH4 8.0%. In

(7) J. W. McCutcheon, Org. Syntheses, 22, 77 (1942).

(8) J. P. Kass and G. O. Burr, J. Am. Oil Chemists’ Soc.,
61, 3293 (1939).

(9) R. V. Lemieux and E. von Rudloff, Can. J. Chem.,,
33, 1701 (1955).
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chromatography the monobasic acid peak showed con-
tamination with dibasic acids of still longer chain length.

The infrared spectrum of Fraction A showed the presence
of trans bonds. Since the data obtained do not permit
exclusion of the presence of cis isomers, this urea-complexing
fraction was tentatively identified as a mixture of isomeric
methyl cis- and frans-octadecenoates.

Nonurea-complexing fraction. The filtrate from the urea
separation yielded 13.7 g. of nonurea-complexing ester
(Fraction B). A portion of this dark brown ester (12.6 g.)
was fractionally distilled (Table I1).

TABLE I

Fractional Distillation of Nonurea-Complexing
Fraction from Selenium-Treated Methyl Linoleate

Frac- lodine

tion B.P., Weight, Num-

No. °C./Mm. G. ber o
B-I 117-13070.025 1.00 21.6 1.4842
B-2 130-16070.025-0.1 137 21.8 1.4849
B-3 160-19270.025-0.05 7.18 22.1 1.4S49
B-4 192-19570.025 099 — —
Itesidue — 1.59 - —

Fraction B-3 was treated with mercury and decolorized by
passing an ethereal solution through a column packed with
a mixture of carbon (10%) and activated alumina (90%).
The recovered product (5.9 g.) contained no conjugation.
Infrared analysis of the fraction showed very strong absorp-
tion at 752 cm.-1 and some absorption at 700 cm.-1 In the
ultraviolet, this fraction showed a peak at 272 mp (a,
145 l.g.-1 am.-1) and a shoulder at 2425 npt (a, 2.93
l.g.-1 cm.-1).

Aromatization and oxidation of the nonurea-complexing
fraction. The non-urea-complexing fraction (B, 15 g.),
30 ml. of carbon tetrachloride, and 4.45 g. of A-bromo-
succinimide were refluxed for 3.5 hr. and allowed to cool
overnight. The solids were removed by filtration, and 2.63
g. of bromii.ated material was recovered from the filtrate.

A mixture of this product and 7 ml. of (VArdimethyl-
aniline was heated to 125° for 1 hr. Water was added to the
reaction mixture, and the organic layer was taken up in
ether. The ethereal solution was extracted with 10% aqueous
hydrochloric acid, washed twice with water, and dried
over anhydrous sodium sulfate.

After removal of solvent, the debrominated product, 4 g.
of sodium hydroxide, 80 ml. of water, and 10 g. of potas-
sium permanganate were stirred and heated to reflux for 5
hr. Additional permanganate (5 g.) was then added, and
heating was continued until the permanganate was used up.
The cooled reaction mixture was acidified with 50% sulfuric
acid, and sulfur dioxide was added to reduce the man-
ganese dioxide present.

The pH of the reaction mixture was adjusted to 7 by the
addition of sodium hydroxide. The solution was then acidified
with 10% hydrochloric acid and extracted with ether. The
ethereal solution was dried over anhydrous sodium sulfate,
and the solvent tvas removed under reduced pressure. There
was obtained 0.45 g. (53.6%) of solid; m.p. 187-188° after
sublimation in vacuo. Ultraviolet spectra of the product and
of pure o-phthalie acid were identical. A sample of the
product was converted to phthalic anhydride, m.p. 129-
130°. Mixed melting point wdth pure phthalic anhydride
(m.p. 130-131°) was 129-130°.

Reaction of conjugated methyl linoleate with selenium in the
presence of hydrogen acceptors, (a) Crotonic acid. A Carius
tube was charged with 5.0 g. of conjugated methyl linoleate,
2.9 g. of crotonic acid, 0.1 g. of selenium, 10 ml. of benzene,
and 0.05 g. of hydroquinone. The tube was sealed in a nitro-
gen atmosphere and heated at 250° for 3 hr. When the tube
was cooled, it was opened, and the contents were extracted
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with a saturated aqueous solution of sodium bicarbonate.
The residue (iodine number 39) was recovered from the
benzene layer and treated with urea as previously described.
An urea-complexing fraction (53.2%) and a nonurea-com-
plexing fraction (41.7%) were obtained. Handling loss was
3%.

5) Nitrobenzene. A mixture of conjugated methyl linoleate
(10 g.), 24 g. of nitrobenzene, and 0.25 g. of selenium was
refluxed for 6.5 hr. Distillation of the nitrobenzene left 12.3
g. of viscous black residue. This residue was flash distilled,
yielding a reddish browm product (3.4 g.) boiling at 116—
225°/0.025 mm. This product was treated with urea as
previously described. No appreciable amount of urea-com-
plexing material was recovered.

The nonurea-complexing fraction (2.9 g.) was distilled,
yielding two fractions. The first fraction (0.8 g.) showed b.p.,
120-140°/0.025 mm.; n3j, 1.4954; iodine number, 23.8;
0.0% conjugation. A strong band at 273 mp was present
in the ultraviolet spectrum. Strong absorptions at 752 cm.-1
and at 702 cm.-1 ivere observed in the infrared spectrum.
The second fraction (1.8 g.) showed b.p., 140-160°/0.025
mm.; n®, 1.4922; iodine number, 16.7; 0.0% conjugation.
A strong band at 273 mp was present in the ultraviolet
spectrum, and a strong absorption at 752 cm.-1 was noted
in the infrared spectrum. The residues from the distillations
were very viscous black materials from which no additional
fatty material could be isolated. The nitrobenzene fraction
recovered from the original reaction mixture was treated
with anhydrous hydrogen chloride. Crude aniline hydro-
chloride (1.5 g.; hot stage m.p., 178°) was recovered. This
product was recrystallized twice from ethanol; m.p. 195-
196°. The melting point of pure aniline hydrochloride is
198°.

Kinetic study of the reaction of selenium with conjugated
methyl linoleate. A mixture of conjugated methyl linoleate
(34.9 g.; 44.3% trans,trails and 32.7% cis,trans conjugation)
and 0.9 g. of selenium was stirred and heated at 250° under
nitrogen at atmospheric pressure. Samples were withdrawn
at 5-min. intervals. Total conjugation and cis,trans and trans,
trans conjugation were obtained on each sample by infrared
analysis. The results are shown in Fig. 1

Effect of selenium treatment on diene content of
conjugated methyl linoleate

Fig. 1
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Using resacetophenone as starting material, some chalcones and flavanones have been synthesized for the first time.

Since so many plant pigments have been recog-
nized as polyhydroxychalcones, it was of some
interest to synthesize compounds of this type. The
present paper records the syntheses of the poly-
hydroxychalcones derived by the Claisen-Schmidt
reaction of resacetophenone with o-m~p-tolual-
dehydes, 2,3-dimethoxybenzaldehyde, and vanillin
in the presence of aqueous-alcoholic potassium
hydroxide by either the cold or hot. condensation
procedure, outlined by Geissman and Clinton.1
In all the cases reported except vanillin, it was
found that some quantity of the flavanone ac-
companied the corresponding chalcone. The chal-
cones prepared above were then cyclized to flava-
nones with 4% aqueous-alcoholic sulfuric acid.

High temperature condensation of resaceto-
phenone with the isomeric tolualdehydes is ad-
vantageous over the cold condensation, as the
former leads to increased yield of chalcones and
decreased resin formation. The quantity of 2'.4'-
dihydroxy-2,3-dimethoxychalcone recovered is more
when the reaction is carried out at room tem-
perature for 48 hours than at the end of a reaction
time of 7 days. The longer reaction period increases
the quantity of a slowly crystallizable oil formed
along with the chalcone, and from which it is
readily separated owing to its greater solubility in
alcohol. This oil slowly solidifies on ageing and was
found to chiefly consist of the corresponding
flavanone. This observation leads to the conclusion
that when the reaction time is increased, the re-
action does not stop with the formation of chalcone,
but the latter partly undergoes gradual cyclization
into flavanone. This conclusion is in agreement
with that reported by Shah and his co-workers.2

2',4,4'-Trihydroxy-3-methoxychalcone has pre-
viously been obtained by Russell and Todd3 by
condensation of resacetophenone dibenzoate with
vanillin benzoate in the presence of dry hydrogen
chloride, and saponification of the resulting 2',4,4'-
tribenzoyloxy-3-methoxychalcone into the required
chalcone. We have, however, succeeded in ef-
fecting a direct synthesis of 2',4,4'-trihydroxy-3-
methoxychalcone by condensing resacetophenone

(1) T. A Geissman and R. O. Clinton, J. Am. Chem. Soc.,
68, 697 (1946).

(2) G. N. Vyas and N. M. Shah, J. Indian Chem. Soc.,
28, 75 (1951); C. C. Patel and N. M. Shah, J. Indian
Chem. Soc., 31, 867 (1954).

(3) A Russell and J. Todd, J. Chem. Soc., 422 (1937).

with vanillin in the presence of strong alkali, in the
cold, but the yield of chalcone was small (about
5%).

Owing to the reversiblebnature of the Claisen-
Schmidt read ion, it is apparent that by taking the
reactants in excess of the stoichiometric proportion,
the yield of t:ie a.0 -unsaturated ketone can be in-
creased. An excess of the aldehyde component is
desirable as against that of resacetophenone, since
with the excess of the latter the reaction takes other
than the desired course.6In the case of all the above
condensations by taking an excess of aldehyde the
yield of chalcone was found to increase.

2'.4'-Dihydroxychalcone was synthesized by the
interaction of resacetophenone and benzaldehvde in
the presence of 40% aqueous-ethanolic potassium
hydroxide solution, at room temperature, for seven
days. Besides the expected a,/3-unsaturated ketone
small quantities of 7-hydroxyflavanone, benzyl
alcohol, and benzoic acid were identified. The iso-
lation of the last two products indicates that some
of the benzaldehyde undergoes the Cannizzaro
reaction.

EXPERIMENTAL

All melting points are uncorrected. Resacetophenone,6o-
tolualdehyde,7 and p-tolualdehyde8 were prepared as de-
scribed previously. m-Tolualdehyde was prepared from ro-
tolunitrile9via the Stephen’s reaction.0The aldehydes were
characterized through their phenylhydrazones.

2',4'-Dihydrcxy-2,3-dimethoxychalcone.  Resacetophenone
(6.0 g.), 2,3-dimetho.vybenzaldehyde (6.5 g.), and ethanol
(40 cc.) were mixed at 0° and to the mixture 40% aqueous
potassium hydroxide (176 cc.) was added with shaking at
room temperature. The mixture was allowed to stand, out
of contact with air, for 47 hr. with shaking at intervals,
during which it acquired a dark red color. After dilution
with cold water, it. was acidified with 6N hydrochloric acid
and the voluminous yellow precipitate was separated, fil-
tered, washed with warm water, dissolved in about 400 cc.
ether and extracted thrice with 5% aqueous sodium bicar-

(4) R. L. Schriner and T. Kurosawa, J. Am. Chem. Soc.,
52, 2538 (1930).

(5) A. Cornelson and S. von Kostanecki, Ber., 29, 240
(1896).

(6) S. R. Ccoper, Org. Syntheses, 21, 103 (1941).

(7) J. W. Williams, C. H. Witten, and J. A. Krynitsky,
Org. Syntheses, Coll. Vol. 111, 818 (1955).

(8) G. H. Coleman and D. Craig, Org. Syntheses, Coll.
Vol. N, 583 (1343).

(9) H. T. Clarke and R. R. Read, Org. Syntheses, Coll.
Vol. I, 500 (1932).

(10) H. Stephen, J. Chem. Soc., 1874 (1925).
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bonate solution (75 cc., 75 cc., and 50 cc.). The bicarbonate
washings on neutralization gave 2,3-dimethoxybenzoic acid
(0.12 g.) The ethereal layer was washed with water and
extracted with four 50-cc. portions of 10% aqueous potas-
sium hydroxide solution. The alkaline solution on neutraliza-
tion gave flocks of yellow mass together with an oil which
crystallized during the course of several months and was
identified as 7-hydroxy-2',3'-dimethoxyflavanone, m.p.
170°. From the yellow mass the chalcone crystallized in
yellow stellate aggregates of squat prisms from ethanol and
then from benzene in flat needles, yield, 4.9 g. (41.7% based
on the resacetophenone used), m.p. 188-189°.

Anal. Calcd. for CnH"O»: C, 67.98; H, 5.37. Found: C,
68.07; H, 5.30.

The chalcone is very soluble in acetone, ethyl acetate and
pyridine, moderately soluble in other common organic sol-
vents, and sparingly soluble in petroleum ether and water.

7-Hydroxy-2',3'-dimethoxyflava?ione. The above chalcone
(1.0 g.) in ethanol (60 cc.) water (35 cc.) and concentrated
hydrochloric acid (3 cc.) was refluxed for 61 hr. on a water
bath. The residue obtained after the removal of alcohol
under reduced pressure was treated with water (300 cc.).
The oily mass thus obtained solidified and crumbled to
powder in contact with alcohol, which on repeated crystal-
lization from alcohol and finally from benzene gave the
flavanone as colorless, shiny plates with tapering ends;
yield, 0.2 g., m.p. 170°.

Anal. Calcd. for CnHw05: C, 67.98; H, £37. Found: C,
67.60; H, 5.21.

2',4'-Dihydroxy-2,S-dimethoxychalcone  2,4-dinitrophenyl-
hydrazone. A solution of 2,4-dinitrophenylhydrazine (0.2 g.)
in concentrated sulfuric acid (2.0 cc.) and ethanol (7 cc.)
was refluxed with 2'4'-dihydroxy-2,3-dimethoxychalcone
(0.6 g.) in alcohol (25 cc.) for 10 hr., when the 2,4-dinitro-
phenylhydrazone separated as dark red microcrystalline
needles; yield, 0.13 g., which on recrystallization from
acetone-alcohol melted at 251-252°.

Anal. Calcd. for C.:H.00aN.i: N, 11.66. Found: N, 11.80.

Acetylation of 2,1+-dihydroxy-2,S-dimethoxychalcone. Acet-
ylation by acetic anhydride, and fused sodium acetate at
125-130° for 5 hr. gave an oil, which partially solidified
after about . months and the solidified mass, on crystal-
lization from ethanol and finally from benzene, gave the
monoacetate in yellow short slender needles, m.p. 123.5°.
Acetylation with acetic anhydride and pyridine in the cold
gave the monoacetate in good yield.

Anal. Calcd. for CisHis 6: C, 66.65; H, 5.30. Found: C,
66.52; H, 5.35.

Schotten-Baumann benzoylation of 2',4'-dihydroxy-2,3-
dimethoxychalcone gave an oily product which failed to
crystallize.

2',4,4'-Trihydroxy-3-methoxychalcone. Aqueous potassium
hydroxide (ss cc., 40%) was gradually added with shaking
to a solution of resacetophenone (3.0 g.) and vanillin (3.0
g.) in ethanol (20 cc.) at 0°. The reaction mixture was then
kept in a closed container at room temperature for 7 days,
with occasional shaking, and on being worked up as before,
gave the crude chalcone as an oil. The oil was desiccated
and repeatedly washed with hot petroleum ether (b.p. 40-
60°) and finally with hot benzene in order to remove most
of the associated vanillin. It was finally purified by precipita-
tion from aqueous alkaline solution. The chalcone crystal-
lized from 40% aqueous ethanol as yellow microcrystalline
powder and then from boiling benzene (sparingly soluble)
in glistening yellow flakes. The yield was 0.3 g., m.p. 210°
(Russell and Todds record m.p. 210°).

Anal. Calcd. for CieHuOs: C, 67.12; H, 4.32. Found: C,
67.11; H, 4.84.

This chalcone was also prepared by using different sol-
vents as reaction medium, viz., water, ethylene glycol. The
use of ethanol as solvent, sometimes, produces the chalcone
as an oily-resinous mass, difficult to crystallize. Attempts
to prepare the chalcone by the hot condensation procedure,
however, failed.
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When the condensation was carried out, in the presence
of aqueous-alcoholic potassium hydroxide, for a period of
s months or . year, a black resinous mass was obtained.

4',7-Dihydroxy-3’-methoxyfiavanone. The above chalcone
was isomerized by dilute aqueous ethanolic sulfuric acid and
worked up as in the previous case. The flavanone crystal-
lized from ethanol (animal charcoal) in glistening plates,
m.p. 191°.

Anal. Calcd. for CieHnOj: C, 67.12; H, 4.92. Found:
C, 67.32; H, 4.91.

2',4A'-Trihydroxy-S-methoxychalcone 2,4-dinitrophenyl-
hydrazone. This derivative was prepared from the above
chalcone in the usual way. It separated from ethyl acetate in
dark red micro-needles, m.p. 235°.

Anal. Calcd. for C:2HisosN4: N, 12.02. Found: N, 11.74.

2'.4,4" - Triacetoxy - 3 - methoxychalcone. Acetylation of
2'.4,4'-trihydroxy-3-methoxychalcone (0.3 g.) by acetic
anhydride (6.1 cc.) and fused sodium acetate (0.7 g.) at 125-
130° for s hr. gave the required compound as an oil which
gradually solidified and crystallized from 95% ethanol in
glistening pale yellow plates, m.p. 133°, yield, 0.35 g.

Anal. Calcd. for C:H.008: C, 64.07; H, 4.88. Material
dried at 62° in a high vacuum. Found: C, 63.92; H, 4.81.

It is less soluble in organic solvents than the parent chal-
cone and gives a negative ferric chloride reaction.

2’,4'-Dihydroxy-2-methylchalcone. Resacetophenone (3.0
g.) in ethanol (:. cc.) was condensed with o-tolualdehyde
(2.28 cc.; d\a 1.0386) in presence of 40% aqueous potassium
hydroxide (ss cc.) by keeping in a closed container for 7 days
at room temperature and worked up as before. The crude
chalcone (... g.) was purified by several recrystallizations
from aqueous ethanol (animal charcoal) and finally from
benzene when it separated as yellow needle-like crystals,
m.p. 180-181°.

Anal. Calcd. for CiH:1.0s: C, 75.57; H, 5.54. Found:
C, 75.57; H, 5.86.

The mother liquor left after crystallization of the chalcone
gave 7-hydroxy-2'-methylflavanone in small amount as
colorless plates, m.p. 212 °.

7-Hydroxy-2’-methylflavanone. 2'.4'-Dihydroxy-2-methyl-
chalcone was isomerized to the flavanone as previously
described. It was obtained from ethyl alcohol in mica-like
plates, m.p. 212 °

Anal. Calcd. for C*lInO-: C, 75.57; H, 554. Found:
75.81; H, 5.60.

2',4'-Dihydroxy-3-methylchalcone. A mixture of resaceto-
phenone (3.0 g.), rn-tolualdehyde (2.31 cc., ds:-4 1.0189),
ethanol (25 cc.) and potassium hydroxide pellets of 85%
purity (15 g. dissolved in 15 cc. water) was heated in a water
bath at about 60° for. hr. It was worked up as usual. The
crude chalcone obtained as an oil (... g.) was washed with
warm water, dried, and dissolved in chloroform. A little
petroleum ether (b.p. 40-60°) was added to the solution.
After some time a resinous deposit had formed on the sides
of the container. The clear liquid was decanted and a little
more petroleum ether was added, this process being repeated
until no more resin precipitated. Further addition of
petroleum ether brought about the separation of the chal-
cone as an oil. The oil was nucleated with a few seed crystals
of 2',4'-dihydroxy-3-methylchalcone obtained from a previ-
ous preparation and chilled. The entire mass solidified after
some time. For further purification the solid mass was dis-
solved in benzene and fractionally precipitated by the
addition of light petroleum ether and the various fractions
thus obtained were left overnight in a refrigerator; the last
fraction had solidified. The supernatant layer of benzene-
petroleum ether mixture was decanted, and to this solid a
small quantity of ethanol was added to dissolve the associ-
ated oily impurity and the solvent was decanted from the
solid immediately. The solid was then crystallized from
aqueous-methanol (animal charcoal) in yellow needles, m.p.
135°.

Anal. Calcd. for CKIIM 3 C, 75.57; H, 554. Found:
C, 75.42; H, 5.90.
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7-Hydroxy-8'-methylflavanone. The above chalcone was
isomerized to flavanone in the usual way. The reaction
product, after the removal of alcohol under reduced pressure,
on standing in contact with glacial acetic acid in a refriger-
ator for 12 hr. partially solidified. The adherent oily portion
was centrifuged and the solid thus recovered was dissolved
in ethanol and precipitated by the addition of water, fil-
tered, and dried. The product on repeated dissolution in
benzene and precipitation by light petroleum ether gave
the flavanone as pinkish white microcrystalline powder,
m.p. 146-147°.

Anal Calcd. for CI8H10 3: C, 75.57; H, 5.54. Found: C,
75.74; H, 5.82.

%' ,4-'-Dihydroxy-4-methylchalcone. A solution of resaceto-
phenone (3.0 g.l, p-tolualdehyde (2.36 cc., dle'7 1.0194) in
ethanol (25 cc.) was treated with potassium hydroxide pel-
lets of 85% purity (15 g. dissolved in 15 cc. water), and
heated in a water bath at about 60° for 2 hr. It was worked
up as before. The crude chalcone (2.6 g.) separated as a yel-
low oil. It was washed several times with warm w'ater (about
70°) and dried. On nucleation with the crystals of isomeric
2' 4'-dihydroxy-2-methylchalcone and cooling in a freezing
mixture, with stirring, the oil suddenly solidified. An alco-
holic solution of this solidified mass on standing deposited
the 2',4'-dihydroxy-4-methylchalcone in needles, but the
compound was not pure since the crystals occluded an
appreciable quantity of resinous matter from the solution.
The crystalline magma vras filtered at a pump, washed with
a little ethanol, and then crystallized from aqueous ethanol
in yellow needles and finally from benzene in yellow', well
shaped prisms, m.p. 153-154°.

Anal. Calcd. for C jH 140s: C, 75.57; H, 5.54. Found:
C, 75.41; H, 5.80.
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The resulting aqueous alcoholic mother liquor deposited
7-hydroxy-4'-methylflavanone in irregular plates, m.p.
170°.

7-Hydroxy-4'-methylflavanone. The ring closure of the
above chalcone (crude) by refluxing it with aqueous-
alcoholic sulfuric acid gave an oily product which crystal-
lized slowly (80 days) in contact with acetic acid. Re-
crystallization from alcohol (animal charcoal) furnished
the flavanone in colorless rectangular plates, m.p. 170-
171°.

Anal. Calcd. for CIBH13: C, 75.57; H, 5.54. Found:
C, 75.22; H, 5.62.

The chalcones described in this paper give a yellow
coloration with concentrated sulfuric acid (except 2'4,4'-
trihydroxy-3-methoxychalcone-red, 2',4'-dihydroxy-2,3-di-
methoxychalcone-orange), dissolve in alkali w'ith the pro-
duction of an orange color which changes to yellow, and
give a dark brown coloration with et.hanolic ferric chloride.

All the flavanones, described herein, on reduction with
magnesium and ethanolic hydrochloric acid give a pink
color, whereas 4',7-dihydroxy-3'-methoxyflavanone, gives
various transitory shades of color, viz. bluish violet, violet,
rose-violet, and finally pink.
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A number of o-methoxymethylaryl halides have been synthesized, and a study has been made of the synthesis and proper-

ties of the corresponding aryllithium and arylmagnesium compounds.

Although aryl methyl ethers which contain
lithium in the nucleus have been synthesized pre-
viously, a careful study of the preparation and
properties of o-methoxymethylphenyllithium com-
pounds has apparently not been made. In the pres-
ent study a method for the preparation of such com-
pounds has been developed which consists of allow-
ing an o-bromobenzyl methyl ether to react with
n-butyllithium for a limited time. In this way o
methoxymethylbromobenzene (la), 4-(-butyl-2-
methoxymethyl-6-methylbromobenzene (lb), and
4-(-butyl-2,6-di(methoxymethyl)bromobenzene (Ic)
were converted to the corresponding lithium deriva-
tives, Ha, lib, and lie. Carbonation of these lithium
compounds afforded the acids, Ilia, Illb, and Illc
in yields of 34, 65, and 91%, respectively. In com-
parison, 4 - t - butyl - 2,6 - dimethylbromobenzene,

(1) This investigation was supported in part by a grant

from the Office of Ordnance Research, U. S. Army (Contract
No. DA-11-022-ORD-874).

when treated similarly, gave the corresponding acid
in a 51% vyield.

R OB r ft-BuLi

ch2ch3
la, R=H, R'=H
Ib, R=CH3 Recial-i),,

Ic, R=CHAOCH3 r ':C(CHs)z
1. co2 R
2.H+ R'<"M>CO0XH
CH2CH3 ch2och3
Ha llia
lib Ilb
lie Il

Coupling of the aryllithium with the aryl bromide
may be responsible for the variation in the yields
of acids; the aryllithium compound least hindered
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sterically might couple to the greatest extent and
give the acid in lowest yield.

When lithium metal was used in place of n-
butyllithium with the above bromobenzenes, the
results were much more involved. It was known, of
course, that nuclear metalation of benzyl ethers by
organoalkali compounds could be complicated
since ethers of the type had been shown to react
with these reagents in a number of ways. Among
these are cleavage2and reactions involving metala-
tion of the side-chain followed by elimination,3
displacement,4and rearrangement.5

When the simplest of the aryl bromides (la) was
treated with lithium, and the resulting mixture
poured on solid carbon dioxide the only product
that could be identified, in fact, was bibenzyl and
that in small amount. Similar treatment of Ib pro-
duced the debrominated derivative, 3-<-butyl-5-
methoxymethyltoluene, in a yield of 25%. The
formation of this compound is best explained per-
haps by hydrogen-metal interchange between lib
and the a-hydrogen atom of a benzyl methyl ether,
most probably the coupling product formed from
Ib. This reaction would then be analogous to similar
metalations observed by interaction of benzyl ethers
with phenyllithium.45

The bibenzyl could have originated in the fol-
lowing way. Benzyl methyl ether might first be
produced in a manner analogous to the formation
of 3-i-butyl-5-methoxymethyltoluene just indi-
cated. Cleavage of benzyl methyl ether by lithium
would give benzyllithium, which could then dis-
place a methoxyl group from another molecule of
the ether to yield bibenzyl. Although benzyl ethers
are not normally cleaved by metals at the tempera-
ture of refluxing ether, it has been shown that a slow
cleavage cf benzyl phenyl ether by sodium begins
at 39°.2 The occurrence of bibenzyl as a product
in the cleavage of benzyl ethers has been ascribed
to nucleophilic displacement rather than free radical
combination.6

It is noteworthy that when 4-i-butyl-2,6-dimeth-
ylbromobenzene was allowed to react with lithium
under the conditions employed for la and Ib, the
corresponding acid was obtained in a 30% vyield.
This experiment supports the hypothesis that the
disappearance of the aryllithium compounds Ila and
lib is associated with attack of the ether function.
Similar reaction of Ic with lithium followed by
treatment with carbon dioxide failed to produce any
acid; only starting material was recovered.

Although it was expected that the major prod-
ucts formed by the reaction between la and Ib with
lithium might be coupling products, attempts to

(2) P. Sehorigin, Ber., 57B, 1627 (1924).

(3) C. R. Hauser and S. W. Kantor, J. Am. Chem. Soc.,
73, 1437 (1951).

(4) A. Liittringhaus, G. Wagner-v. Saaf, E. Sucker, and
G. Borth, Ann., 557, 46 (1945).

(5) G. Wirtig and L. Lohmann, Ann., 550, 260 (1942).

(6) R. L. Burwell, Chem. Revs., 54, 615 (1954).
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isolate these compounds by distillation, recrystal-
lization, and chromatography were unsuccessful.
It seemed possible that oxidation would convert
the coupled ethers to carboxylic acids which could
then be identified more easily. Accordingly the
benzyl methyl ethers la and Ib were subjected to
the action of potassium permanganate. Compound
la afforded o-bromobenzoic acid in an 86% yield,
but Ib yielded the dicarboxylic acid, 2-bromo-5-f-
butylisophthalic acid (71%), rather than the
monocarboxylic acid. Apparently the methyl group
is oxidized about as easily as the methoxymethyl
group. When the oxidation was carried out on the
complex mixtures obtained from the reaction of la
and Ib with lithium, no acids were formed.

Organometallic compounds which contain suit-
ably placed ether groups offer the possibility of
internal coordination between an electron pair of
the ether oxygen atom and the metal atom. Such
coordination has been used by Holmberg to explain
the behavior of certain o-methoxyphenyl Grignard
reagents toward carbonation.7 Of the organomag-
nesium compounds studied, those which could
form four- and five-membered rings gave both ke-
tones and acids, while those which could form six-
membered rings gave only acids. He ascribed the
enhanced reactivity of the former Grignard reagents
to strain in the rings. Investigation of o-bromo-
benzyl methyl ether revealed that the entrainment
method was required for adequate conversion of
this bromide to the Grignard reagent; the latter
compound when carbonated afforded the cor-
responding acid in only a 13% yield. The apparent
sluggishness of the reaction was attributed to
stability of the five-membered ring formed by in-
ternal coordination.8

The Grignard reagent of Ib was prepared only
by the use of the entrainment method. 4-i-Butyl-
2-(/3-methoxy)ethyl-6-methylbenzyl chloride, in con-
trast, formed the Grignard reagent in the normal
manner. Although these two organomagnesium
compounds are capable of internal coordination, no
unusual behavior was observed; they were con-
verted to the corresponding acids in yields of 26 and
28%, respectively. The diether bromide (Ic)
failed to react with magnesium even though con-
ditions were varied over a wide range. The diether
iodide, prepared by action of iodine on the diether
lithium intermediate (lllc), was also unreactive
toward magnesium.

Several interesting effects were uncovered in the
synthesis of the diether bromide (Ic). Treatment of
4-i-butyl-2,6-dimethylbromobenzene  with  two
equivalents of iV-bromosuccinimide yielded a mix-
ture of 2-bromomethyl-4-i-butyl-6-methylbromo-
benzene and 4-i-butyl-2,6-di(bromomethyl)-bromo-
benzene. Although these compounds are solids, they

(7) G. A. Holmberg, Acta Chem. Scand., 9, 555 (1955).
(8) F. G. Mann and F. H. Stewart, J. Chem. Soc., 2819
(1954).
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were separated from each other more easily by
fractional distillation than by recrystallization.
Treatment of the tribromide with sodium methoxide
afforded the diether bromide in an 85% yield. The
other bromoethers were prepared by similar pro-
cedures.

The first step in the synthesis of 4-i-butyl-2-
(i3- methoxy)ethyl - 6 - methylbenzyl chloride was
treatment of 5-i-butyl-m-xylene with 1.75 equiva-
lents of N-bromosuccinimide. This bromination
yielded 3-bromo-methyl-5-i-butyltoluene (42%) and
3,5-di(bromomethyl)-f-butylbenzene (13%).

The Grignard reagent from 3-bromomethyl-5-i-
butyltoluene reacted with chloromethyl ether to
give the desired 3-i-butyl-5-(/3-methoxy) ethyl-
toluene (34%); products arising from hydrolysis,
coupling, and rearrangement were also isolated.
Although benzyl Grignard reagents undergo re-
arrangement when treated with chloromethyl
ether,AB they yield only the normal products with
carbon dioxide.891n keeping with this observation,
we found that carbonation of o-bromobenzyl-
magnesium bromide gave o-bromophenylacetic
acid as the major product with smaller amounts of
o-bromobenzyl -alcohol and 5fs-(2-carboxyphenyl)
ethane. Similarly, no rearrangement products
were reported in the reaction between o-bromo-
benzylmagnesium bromide and ethylene oxide.1l
Chloromethylation of 3-i-butyl-5-(/3-methoxy)ethyl-
toluene afforded the benzyl chloride in a 72% yield.

EXPERIMENTALI12

Bromination of 4-t-butyl-2,6-dimethylbromobenzene. A mix-
ture of 65 g. (0.27 mole) of 4-i-butyl-2,6-dimethylbromo-
benzene, 1396.1 g. (0.54 mole) of A-bromosuccinimide, 0.1 g.
of benzoyl peroxide, and 300 ml. of carbon tetrachloride
was heated on a steam bath, with stirring. At the end of 5
min. the color changed from cream to pink; within 30 min.
the color was discharged. The mixture was heated under
reflux for an additional 1.5 hr., cooled to room tempera-
ture, and filtered. The amount of succinimide (52.5 g.)
recovered was quantitative. The carbon tetrachloride was
removed from the filtrate, and the residual yellow liquid
distilled. The first fraction (b.p. 122-123°/1.2 mm.) was
the crude 2-bromomethyl-4-i-butvl-6-methylbromobenzene,
which crystallized when cooled. After two recrystallizations
from 95% ethanol it melted at 38-39.5°, yield 114 g.
13%).

( Ana)ll. Calcd. for CioHiBr2 C, 45.02; H, 5.04. Found:
C, 45.24; H, 5.22.

The second fraction (b.p. 165-168°/1.4 mm.), which also
crystallized when cooled, melted at 75-78°, yield 76.5 g.
(71%). The pure 4-i-but)'l-2,6-di(bromomethyl)bromoben-
zene, m.p. 89-90°, was obtained onty after repeated re-
crystallization from 95% ethanol.

(9) H. Gilman and J. E. Kirby, J. Am. Chem. Soc., 54,

345 (1932).

(20) L. Malm and L. Summers, J. Am. Chem. Soc., 73,
362 (1951).

(11) M. H. Beeby and F. G. Mann, J. Chem. Soc., 411
(1951

(12; All melting points are corrected; all boiling points
are uncorrected.

(13) R. C. Fuson, J. Mills, T. G. Klose, and M. S.
Carpenter, J. Org. Chem., 12, 587 (1947).
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Anal. Calcd. for CiHi®Br3: C, 36.12; H, 3.79. Found:
C, 36.26; H, 3.86.

In another experiment a mixture of 149.5 g. (0.62 mole)
of 4-f-butyl-2,fPdimethylbromobenzene, 165.7 g. (0.92
mole) of A-bromosuccinimide, 750 ml. of carbon tetrachlo-
ride, and 1 g. of benzoyl peroxide was heated with stirring
for 3 hr. The succinimide was collected on a filter, and the
solvent removed from the filtrate. The residual liquid when
distilled yielded 90.0 g. (45%) of the dibromide, b.p. 136-
138°/2.5 mm. and 40.7 g. (17%) of the tribromide, b.p.
169-174°/2.5 mm.

4-t-Butyl-2,6-di(methoxymethyl)bromobenzene. To 170 ml.
of reagent grade methanol, cooled by an ice bath, was
added slowly 9.4 g. (0.41 g.-atom) of sodium. When the
sodium had dissolved, the solution was brought to reflux
and a solution of 54 g. (0.14 mole) of 4-f-butyl-2,6-di-
(bromomethyl)bromobenzene in 170 ml. of anhydrous ben-
zene was added dropwise during 2 hr. After the addition
was complete, stirring was continued for 0.5 hr. under reflux.
The mixture was then filtered to get rid of the insoluble
salts, and the filtrate was distilled azeotropically to remove
the methanol. The benzene solution was washed with water
and dried over calcium chloride. A yellow solid formed
when the benzene was evaporated under water-aspirator
pressure. After one recrystallization from 95% ethanol the
dimethoxy bromide melted at 80.5-81.0°, vield 34.9 g.
(85%).

Anal. Calcd. for CnH"BrCh: C, 55.81; H, 6.98. Found:
C, 55.87; H, 7.24.

4-t-Butyl-2-mclhoxymethyl-6-methylbromobenzene. Tins pro-
cedure is similar to that employed for the diether bromide.
A solution of sodium methoxide, prepared by the addition
of 5.8 g. (0.25 g.-atom) of sodium to 100 ml. of methanol,
was heated to reflux while 40.0 g. (0.125 mole) of 2-bromo-
methyl-4-i-butyl-6-methylbromobenzene in 100 ml. of
benzene was added dropwise to it during 1 hr. The methanol
was removed by azeotropic distillation, and the residue
extracted with water. The benzene layer was dried, and the
solvent evaporated. The remaining liquid afforded 29.3 g.
(87%) of the monomethoxy bromide, b.p. 93.0-93.5°/0.3
mm.

Anal. Calcd. for CiHI®Bro: C, 57.60; H, 7.01. Found:
C, 57.67; H, 6.91.

0-Bromobenzyl methyl ether. A mixture of 158.5 g. (0.927
mole) of o-bromotoluene, 165 g. (0.927 mole) of AFbromo-
succinimide, and 0.2 g. of benzoyl peroxide in 300 ml. of
carbon tetrachloride was heated on the steam bath for 18
hr. Distillation of the residue left by removal of the suc-
cinimide and evaporation of the solvent gave 181.6 g. (78%)
of o-bromobenzj-I bromide, b.p. 133-134°/T8.5 mm. The
literature records a boiling point of 129°/19 mm.%4

The bromide was converted to the ether by a modifica-
tion of the method of Holliman and Mann.56To a solution
of 19.0 g. (0.825 g.-atom) of sodium in 500 mi. of methanol,
cooled in an ice bath, was added 181 g. (0.725 mole) of the
bromide. The mixture was heated 15 hr., and the solvent
removed by distillation. The residue was added to water
in a separatory funnel, and the organic layer extracted
with ether. The residual liquid left by distillation of the
ether afforded 119.5 g. (82%) of the bromo ether, b.p. 111-
112°/17 mm. The reported boiling point is 106-107°/10
mm.5

3-Bromomethyl-5-t-butyltoluene. To a mixture of 592 g.
(3.33 moles) of A'-bromosuccinimide and 308 g. (1.90 moles)
of 5-i-butyl-jn-xylene was added 0.5 g. of benzoyl peroxide
and 1 1 of carbon tetrachloride. The mixture was stirred
under reflux for 19 hr. after which the succinimide was
collected on a filter and the filtrate concentrated. Distillation
of the residue yielded 19.23 g. (42%) of 3-bromomethyl-
5-i-butyltoluene, which boiled at 104M09°/2.5 mm.

(14) J. Kenner and J. Wilson, J. Chem. Soc., 1111 (1927).
(15) F. G. Holliman and F. G. Mann, J. Chem. Soc., 1634
(1947).
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Anal. Calcd. for CiHiBr: C, 59.75; H, 7.05. Found:
C, 59.73; H, 7.17.

The infrared spectrum of the second fraction (b.p. 128-
130°/2.7 mm. has a band at 675 cm.-1, which is consistent
with a —CHBr2 function.

From the remaining material, after three recrystalliza-
tions from 95% ethanol was obtained 78.8 g. (13%) of 3,5-
di(bromomethyl)-i-butylbenzene, m.p. 115-118°.

Anal. Calcd. for CiHi®Br2 C, 45.02; H, 5.04. Found:
C, 45.16; H, 4.91.

From the mother liquors was obtained a fraction which
boiled at 99-101°/0.3 mm. The infrared spectrum of this
liquid exhibits bands at 2720 cm.-1 and 1705 cm.-1 charac-
teristic cf an aromatic aldehyde, as well as a band at 115
cm.-1 assignable to an aliphatic ether.

Reaction of 3-t-butyl-5-methylbenzylmagnesium bromide
with chloromethyl ether. The benzyl Grignard reagent was
prepared by adding a solution of 50 g. (C.21 mole) of 3-
bromomethyl-5-i-butyltoluene in 400 ml. of ether to 12.6
g. (0.518 g.-atom) of magnesium. The addition, which
required 6 hr., was followed by stirring for 1.5 hr. After the
Grignard reagent had been allowed to stand overnight, it was
filtered under nitrogen and added during 3 hr. to a flask
containing 16.7 g. (0.207 mole) of chloromethyl ether in 50
ml. of ethyl ether. The reaction mixture was cooled by an
ice bath during the addition, then heated gently under
reflux for 1 hr. Decomposition was effected with hydro-
chloric acid. The ether layer was washed, dried, and freed
of solvent. Distillation of the residue yielded four fractions,
the first of which (b.p. 65-68°/2.9 mm.) was shown to be
5-i-butvl-m-xylene by comparing its infrared spectrum and
refractive index with those of a known sample, yield 6.1 g.
(18%). The second fraction (b.p. 106-111°/3 mm.) was
3-f-butyl-5-(/?-methoxy)ethyltoluene, yield 14.5 g. (34%).

Anal. Calcd. for CiH,D: C, 81.50; H, 10.75. Found:
C, 81.13; H, 10.60.

An absorption band (875 cm.-1) attributed to a 1,2,35
tetrasubstituted benzene is present in the infrared spectrum
of the third fraction (b.p. 129-132°/3.4 mm.). This spectrum
also contains bands at 1120 and 1100 cm.-1, which are
assignable to a hindered aliphatic ether. This compound,
tentatively identified as 5-i-butyl-2-methoxymethyl-m-
xylene, weighed 5.8 g. (14%). The last fraction (b.p. 188-
193°/3.6 mm.) proved to be the coupling product, 3,3'-di-i-
butyl-5,5>-dimethylbibenzyl, yield 4.0 g. (12%).

Anal. Calcd. for C2H3 C, 89.37: H, 10.63. Found: C,
89.50; H, 10.82.

Chlorométhylation of 3-t-butyl-5-((3-methoxy)ethyltoluene. A
mixture of 4.2 g. (0.02 mole) of 3-I-butyl-5-(/3-methoxy)-
ethyltoluene, 1.76 g. (0.0585 mole) of paraformaldehyde,
and 40 ml. of concentrated hydrochloric acid was stirred
while dry hydrogen chloride was bubbled into it. The tem-
perature was kept at 35° during the reaction, which was
allowed to proceed for 3 hr. The mixture was extracted with
ether, the extracts were washed and dried, and the ether
was removed. Distillation of the residue afforded 3.6 g.
(72%) of the chloromethyl compound, b.p. 108-110°/0.45
mm.

Anal. Calcd. for CiHZOCL: C, 70.73; H, 9.04. Found:
C, 70.64; H, 8.95.

Carbonation of o-bromobenzybnagnesium bromide. To a
flask containing 11.7 g. (0.48 g.-atom) of magnesium was
added 30 g. (0.12 mole) of o-bromobenzyl bromide in 250
ml. of ether during 3.5 hr. A nitrogen atmosphere was main-
tained during the addition. Stirring was continued for 2 hr.
after which the mixture was filtered under nitrogen on solid
carbon dioxide. The carbonated mixture was decomposed
with iced hydrochloric acid. The ether layer was extracted
with two 100-ml. portions of 10% sodium hydroxide solu-
tion. Acidification of the extracts produced crystals, which
were collected on a funnel, washed, and dried. The solid was
treated with hot carbon tetrachloride, which caused part
of the crystals to dissolve. The undissolved bis(2-carboxy-
phenvl)etaane was isolated by filtration of the hot solution.
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After several recrystallizations from 95% ethanol-benzene
this acid melted at 233-234°, yield 0.8 g. (5%).

Anal. Calcd. for Ci,Hi®4: C, 71.10; H, 5.22. Found: C,
71.27; H, 5.02.

The literature records a melting point of 231° for this
compound.®

After the dicarbox3lic acid had been removed from the
mixture of acids bj- filtration, the carbon tetrachloride was
evaporated from the resulting mother liquor. The solid
residue was recrystallized several times from hot water
in the presence of carbon black. The pure o-bromophenyl-
acetic acid melted at 105°, yield 10.0 g. (39%). The reported
melting point is 103-104°.77

From the ether layer which remained after basic extrac-
tion crude o-bromobenzyl alcohol was obtained; after two
recrystallizations from high-boiling petroleum ether it
melted at 79.5-80.0°, yield 0.4 g. (2%). This compound is
reported to melt at 80°.8

Reaction of o-bromobenzyl methyl ether with n-butyllithium.
In a dry flask which had been flushed with nitrogen, a mix-
ture of 4.7 g. (0.023 mole) of o-bromobenzyl methyl ether
in 75 ml. of ether and 114 ml. (0.093 mole) of 0.81iV o-butyl-
lithium1 was heated, with stirring, under gentle reflux for
45 min. After the mixture had cooled, it was poured on an
excess of solid carbon dioxide. The carbonated mixture,
upon reaching room temperature, was extracted with two
90-ml. portions of 10% sodium hydroxide solution. Acidifica-
tion of the basic extracts with concentrated hydrochloric
acid precipitated 2-methoxymethylbenzoic acid, yield -13
g. (34%), m.p. 91-94°. The literature records a melting
point of 93-94°.D

Reaction of 4-t-butyl-2-methoxymethyl-6-methylbromoben-
zene with n-butyllithium. To a dry flask containing 100 ml.
(0.035 mole) of 0.35A1»-butyllithium was added all at once
a solution of 3.0 g. (0.011 mole) of 4-f-butyl-2-methoxy-
methyl-6-methylbromobenzene in 50 ml. of ether. The mix-
ture was stirred under reflux for 0.5 hr. and poured on solid
carbon dioxide. The carbonated material was extracted
with dilute sodium hydroxide solution, and the extracts
were boiled for a few minutes, filtered hot, and cooled in an
ice-salt bath. Acidification of the solution with concentrated
h}-drochloric acid produced an oil which crystallized when
allowed to stand overnight in the refrigerator. The crude
4-i-butyl-2-methoxymethyl-6-methylbenzoic acid was col-
lected on a filter, washed with water, and dried, yield 2.1 g.
(80%), m.p. 76-80°. After several recrystallizations from
low-hoiling petroleum ether-methylcyclohexane the acid
melted at 80-81°, yield 1.7 g. (65%).

Anal. Calcd. for CiHZ0O;: C. 71.19; H, 8.48. Found:
C, 70.93; H, 8.43.

Reaction of Jr-t-butyl-2,6-di{methoxymeihyl)bromobenzene
with n-butyllithium. A solution of 1.5 g. (0.0050 mole) of
4-i-butyl-2,6-di(methoxjmethyl)bromobenzene in 25 ml. of
ether was added all at once to 50 ml. (0.020 mole) of CACA
n-butyllithium in 50 ml. of ether. The mixture was heated
at reflux, with stirring, for 45 min. and poured on solid
carbon dioxide. After being allowed to come to room tem-
perature the carbonated material was treated as in the pre-
ceding experiment. 4-i-Butyl-2,6-di(methoxymethyl)benzoic
acid was isolated, m.p. 77-80°, yield 1.2 g. (91%). The
pure acid melts at 79.0-79.5°.

Anal. Calcd. for CiHZD4 C, 67.64; H, 8.33. Found:
C, 67.82; H, 8.22.

(15%23 C. Fischer and R. Wolffenstein, Ber., 37, 3219

(17) P. P. Bedson, J. Chem. Soc., 37, 95 (1880).

(18) C. L. Jackson and J. F. White, Am. Chem. J., 2,
315 (1880).

(19) H. Gilman, J. A. Beel, C. G. Brannen, M. W.
Bullock, G. E. Dunn, and L. S. Miller, J. Am. Chem. Soc.,
71, 1499 (1949).

(20) J. v. Braun, E. Anton, and K. Weisshach, Ber., 63,
2847 (1930).
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Reaction of 4-t-butyl-2,6-dimethylbromobenzene with n-
butyllithium. A solution of 5.0 g. (0.021 mole) of 4-f-butyl-
2.6- dimethylbromobenzene in 100 ml. of ether was added
dropwise to a flash containing 150 ml. (0.083 mole) of 0.55A
n-butyllithium during 0.5 hr. After the mixture had been
heated for 0.5 hr., with stirring, it was poured on excess
solid carbon dioxide. By the usual procedure was isolated
2.1 g. (48%) of 4-i-butyl-2,6-dimethylbenzoic acid, m.p.
164-168°. This acid has been reported to melt at 167-
168°.13

Reaction of o-bromobenzyl methyl ether with lithium. To a
flask containing 2.08 g. (0.30 g.-atom) of lithium metal cut
in small pieces and 100 ml. of ether was added all at once
5 g. of o-bromobenzyl methyl ether in 25 ml. of ethyl ether.
A stream of nitrogen was passed through the mixture,
which was stirred mechanically. While the mixture was
heated sufficiently to maintain gentle refluxing, 25 g. of
o-bromobenzyl methyl ether, which made a total of 30 g.
(0.15 mole), dissolved in 100 ml. of ether was added during
1 hr. Stirring was continued for 20 hr. at the end of which
time most of the lithium had disappeared. The solution was
filtered under nitrogen on solid carbon dioxide. The mixture
was extracted with base; acidification of these extracts,
however, failed to give an acid. The ether layer was washed
and dried. The residual liquid left by evaporation of the
solvent was distilled under vacuum. The first fraction (b.p.
46-48°/0.1 mm.) solidified when allowed to stand and
melted at 45-51°. This melting point, the odor, and the
infrared spectrum, which exhibits a band (695 cm.*1)
assignable to a monosubstituted benzene, suggested that
the compound was bibenzyl. The melting point for bibenzyl
is reported at 52°.21

Later fractions boiled at 52-74°/0.1 mm. and 72-75°/0.1
mm. The infrared spectra of these fractions show bands
assignable to a monosubstituted benzene (698 cm.-1), an
o-disubstituted benzene (758 cm.-1) and an aliphatic ether
(1100 cm.-1). An undistillable residue remained which
could not be purified by chromatography or crystallization.

Reaction of 4-t-butyl-2-methoxymethyl-6-methylbromoben-
zene with lithium. The reaction was initiated by the addition
of a solution of 5 g. of 4-f-butyl-2-methoxymethyl-6-methyI-
bromobenzene in 15 ml. of ether to 0.85 g. (0.12 g.-atom)
of lithium in 50 ml. of ether. When heat was applied, with
stirring under nitrogen, fairly vigorous refluxing began.
At this point an additional 10 g. of the ether bromide,
making a total of 15 g. (0.055 mole), in 50 ml. of ether was
added dropwise in 0.5 hr. The mixture was stirred under
reflux overnight. Treatment with carbon dioxide gave no
acid. The ether layer remaining after the basic extraction
was dried. Distillation of the residue obtained by evapora-
tion of the solvent yielded a liquid which boiled at 67-68°/
0.5 mm. The yield was 2.7 g. or 25%, based on the assump-
tion that the compound is 3-f-butyl-5-methoxymethyl-
toluene.

Anal. Calcd. for CiHZ0: G, 81.20; H, 10.48. Found: C,
81.34; H, 10.69.

The infrared spectrum of this compound exhibits bands
assignable to an aliphatic ether (1108 cm.-1) and a 1,3,5-
trisubstituted benzene (855, 708 cm.*“1). Attempts to purify
the nondistillable residue were unsuccessful.

Treatment of 4-t-butyl-2,6-di{methoxymethyl)bromobenzene
with lithium. A mixture of 1.5 g. (0.005 mole) of 4-i-butyl-
2.6- di(methoxymethyl)bromobenzene and 0.076 g. (0.011 g.-
atom) of lithium in 50 ml. of ether was heated to reflux,
with stirring. Although the stirring was allowed to continue
for 20 hr., little sign of reaction was noticed and no acid was
obtained by treatment of the mixture with carbon dioxide.
Only starting material was recovered from the ether layer.

Reaction of 4-t-butyl-S,6-dimethylbromobenzene with lithium.
To a flask containing 0.633 g. (0.091 g.-atom) of lithium and
100 ml- of ether was added 1.0 g. of 4-f-butyl-2,6-dimethyl-

(21) R. A Smith and S. Natelson, J. Am. Chem. Soc.,
53, 3476 (1931).
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bromobenzene. The flask was warmed and in a few7minutes
the ether became turbid, which indicated that the reaction
had begun. A solution containing 9.0 g. (which made a total
of 10.0 g. or 0.041 mole) of the bromide in 50 ml. of ether
was then added dropwise during 0.5 hr. The mixture was
heated, under gentle reflux, with stirring, for about 20 hr.
After unchanged lithium had been removed by filtration
through glass wiol, the solution was poured on solid carbon
dioxide. The carbonated material was extracted with three
50-ml. portions of 10% sodium hydroxide solution. When
the basic extracts were acidified, 4-f-butyl1-26-dimethyl-
benzoic acid precipitated as a cream colored solid. After
several recrystallizations from low-boiling petroleum ether-
methylcyclohexane, the acid weighed 2.6 g. (30%), m.p.
166-168°. The reported melting point is 167-168°.13

Oxidation of o-bromobenzyl methyl ether. A mixture of 5.0 g.
(0.025 mole) of o-bromobenzyl methyl ether and 50 ml. of
water was heated with stirring on a steam bath until the
water began refluxing. A solution of 14.5 g. of potassium
permanganate in 250 ml. of water was then added dropwise
to the emulsion during 0.5 hr. The mixture was stirred under
reflux for 3 hr. Manganese dioxide was removed by filtering
the hot alkaline mixture on a Buchner funnel. The man-
ganese dioxide was washed with twb 50-ml. portions of hot
water, and the resulting clear, yellow7 filtrate was concen-
trated to a volume of about 200 ml. When concentrated
hydrochloric acid was added to this hot solution, a white
precipitate formed immediately. After the solution had
cooled, the solid was collected on a filter and washed with
water until the filtrate was free of chloride ion. The dried
0-bromobenzoic acid -weighed 4.3 g. (86%), m.p. 146-147°.
The literature records a melting point of 150°.%2

Oxidation of 4-t-butyl-S-methoxymethyl-6-methylbromoben-
zene. The procedure was nearly the same as that described
in the preceding experiment. A mixture of 3.5 g. (0.013
mole) of 4-i-butyl-2-methoxymethyl-6-methylbromoben-
zene and 30 ml. of water vas heated, with stirring; to
it was added a solution of 6.7 g. (0.043 mole) of potassium
permanganate in 140 ml. of water during 15 min. Since per-
manganate ion was still present at the end of 8 hr., stirring
was continued overnight. The next morning the purple
color had disappeared, and the solution was alkaline. The
mixture was filtered, the manganese dioxide washed, and
the filtrate concentrated to a volume of about 100 ml.
Acidification caused precipitation of the crude 2-bromo-
5-f-butylisophthalic acid as a colorless solid. It was collected
by filtration, washed, and air dried, m.p. 243-257°, yield
17 g On the basis of the potassium permanganate used
this is a yield of 71%. After one recrystallization from
dioxane-benzene, the acid melted at 255-256°. An analytical
sample of the acid "wes prepared by sublimation.

Anal. Calcd. for CIH1304B1I: C, 47.84; H, 4.32. Found:
C, 47.95; H, 4.43.

Reaction of 4-t-butyl-2-methoxymethyl-6-methylbromoben-
zene with magnesium. To a flask containing 1.6 g. (0.068
g.-atom) of magnesium and a crj'stal of iodine was added
several drops of a solution containing 8.8 g. (0.032 mole)
of 4-f-butyl-2-methoxymethyl-6-methylbromobenzene and
3.5 g (0.032 mole) of ethyl bromide in 60 ml. of ether. The
flask was warmed and, after the Grignard reaction had
begun, the remaining solution was added dropwise over 1.5
hr. The mixture was then stirred under gentle reflux for 15
min. during which time almost all the magnesium was con-
sumed. The dark brown mixture was poured on solid carbon
dioxide, and the carbonated material allowed to reach room
temperature. The crude 4-f-butyl-2-methoxymethyl-6-meth-
ylbenzoic acid isolated by usual procedures, melted at 70-
76°, yield 3.0 g. Its purification was effected by recrystal-
lization from low-boiling petroleum ether-methylcyelo-
hexane. The pure acid weighed 2.0 g. (26%), m.p. 80-81°.

Reaction of 4-t-butyl-2-(B-methoxy)ethyl-6-methylbenzyl chlo-
ride with magnesium. A solution containing 3.5 g. (0.014

(22) M. Rhalis, Ann., 198, 103 (1879).
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mole) of 4-i-butyl-2-(/3-methoxy)ethyl-6-methylbenzyl chlo-
ride in 100 ml. of ether was allowed to drop upon 0.7 g.
(0.03 g.-atom) of magnesium over a period of 2 hr. The
4-i-butyl-2-(/3-methoxy)ethyl-6-methylphenylacetic acid, iso-
lated in the usual way, melted at 81-83°, yield 1.0 g. (28%).
Further recrystallization of this compound from low-boiling
petroleum ether-methylcyclohexane raised the melting
point to 83-84°.

Anal. Calcd. for CiH203: C, 72.09: H, 9.15. Found:
C, 73.01; H, 9.36.

Treatment of 3-t-butyl-2,6-di(methoxymetnyl)bromobenzene
with magnesium. Various attempts to effect a reaction be-
tween 4-i-butyl-2,6-di(methoxymethyl)bromobenzene and
magnesium were made. Such solvents as ether, benzene,
toluene, and tetrahydrofuran as well as ether-benzene and
ether-toluene solvent pairs were used. Catalysts employed
were iodine, ethyl bromide, mercuric chloride, and aluminum
chloride. In all cases only starting material was recovered.

4-t-Buiyl-2,6-di{methoxymethyl)iodobenzene. To a flask con-
taining a solution of 6.0 g. (0.02 mole) of 4-i-butyl-2,6-
di(methoxymethyl)bromobenzene in 100 ml. of ether was
added 60 ml. of 0.68A’ (0.04 mole) ?i-butyllithium. The
orange-brown mixture was heated, with stirring, for 1 hr.
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and then cooled in an ice bath. The addition of a solution of
15.2 g. (0.060 mole) of iodine in 75 ml. of ether to the cold
mixture was begun. The mixture was stirred for an additional

hour in the cold and decomposed with crushed ice. The ether

layer, after separation from the water layer, was washed

successively with 50 ml. of a 5% sodium sulfite solution

and water and dried over magnesium sulfate. After the ether

had been removed the residue crystallized readily. The

iodide, recrystallized from 95% ethanol, melted at 76-77°,

yield 4.8 g. (69%).

Anal. Calcd. for CH210A: C, 48.28; H, 6.03. Found:
C, 48.34; H, 5.98.

Treatment of 4-t-butijl-2,6-di{methoxymethyl)iodobenzene
with magnesium. A mixture of 15 g. (0.0043 mole) of 4-i-
but3d-2,6-di(methoxymethyl)iodobenzene and 0.94 g. (0.0086
mole) of ethyl bromide in 50 ml. of ether was added drop-
wise during 0.5 hr. to a flask containing 0.42 g. (0.017 g.-
atom) of magnesium. After the addition, the mixture was
stirred under reflux for 7 hr. and filtered through glass wool
on solid carbon dioxide. The mixture failed to yield any
acidic product.

Urbana, I11.

[Contribution from the Department of Chemistry, University of Colorado]

Applicability of the Arndt-Eistert Reaction to Fluorinated Acids and
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Perfluorinated acids containing three or more carbon atoms failed to undergo the Arndt-Eistert reaction in a normal
fashion. At least two methylene groups must be present in order to obtain satisfactory yields from this reaction. In all cases,
it appears that the intermediate diazo ketone is formed and that it is the second stage of the reaction, the Wolff rearrange-
ment, that fails to take place normally, resulting in the formation of a-halo ketones.

The following ketones, CF5C0 CHZC1, C3F7COCH2CI, and C-"COCIRBr were prepared and characterized, and the
physical properties of a number of new compounds were determined and tabulated.

This investigation reports on the applicability of
the Arndt-Eistert reaction2to perfluorinated acids
and their hontologs and to the preparation of ke-
tones of the type RRCOCH2X (where X is any
halogen and RF is a perfluorinated group) from
perfluorinated acids and diazonrethane. Since per-
fluorinated acids are now commercially available,
it seemed the easiest and most direct way of pre-
paring the higher acids and ketones containing the
perfluorinated group.

The acids, CF3OOH, C3F7COOH, CJFTCH,-
OOOCOH, CFTCHZHZOO0OH, and C49COO0H, were
converted to their respective acid chlorides, and
added to an excess of cold ethereal diazonrethane to
form the corresponding diazo ketone. In each case,
the diazo ketone was isolated but not purified,
before the attempted rearrangement. The presence

(1) Presented before the Fluorine Subdivision of the
Division of Industrial and Engineering Chemistry, 130th
Meeting o: the American Chemical Society, Atlantic City,
N. J., September 20, 1956. This paper represents part of the
thesis submitted by E. R. Larsen to the Graduate School,
University of Colorado, in partial fulfillment of the require-
ments for ihe Ph.D. degree.

(2) W. E. Bachmann and W. S. Struve, Org. Reactions,
I, 38-62 (1942).

of the —COCHN2group was shown by the evolu-
tion of nitrogen when the compound was treated
with concentrated hydrochloric acid.

The diazo ketones derived from CZ5COOH,
CFTCOOFI and C4F9COOH failed to undergo the
Wolff rearrangement and the diazo ketone from
CFTHZXZO()H appeared to give only negligible
amounts of C3F/(CHQZOO0OCHS3 The diazo ketone
derived from CF7(CH22COOH underwent the
rearrangement in a normal fashion in good yield.

The acids, rz-CFTCH2ZO0H and CFTIIZLH2
COOII were prepared from CF7TOOH through the
following sequence of previously known reactions.

AgOH h CH2=CH?2

RFCOOH > RFCOAG3 s—  RFl<mm - >
Mg 02
RFCHXCH28—" RFCHXH,Mgl —*

01
RfCHZZH,OHGL > RfCILCOOH«

(3) Minnesota Mining and Mfg. Co., pamphlet, Prepara-
tion of Silver Heptafluorobutyrate.

(4) R. N. Haszeldine, J. Chem. Soc., 584 (1951).

(5) R. N. Haszeldine, J. Chem. Soc., 2856 (1949).

(6) A. L. Henne, R. L. Pelley, and R. M. Aim, J. Am.
Chem. Soc., 72, 3370 (1950).
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Musgrave and Brown8have recently shown that
CF3CO2H and CCI3CO2H undergo the Arndt-
Eistert reaction normally and in good yield when
the ester of the next higher homologous acid is
formed, but give unsatisfactory yields of the acid,
amide, or anilide. The reaction of CFo H to
give CFITH2ZC0 Z2H5has been verified by us.

It is concluded that perfluorinated acids, with the
exception of CFCOOH, fail to undergo the Arndt-
Eistert reaction in a normal fashion, and that at
least two insulating methylene groups must be
present between the RF and COOH groups in
order to obtain satisfactory yields from this re-
action. In all cases it appears that the intermediate
diazo ketone is formed and that it is the second stage
of the reaction, the Wolff rearrangement, that fails
to take place normally.

The ketones, C2F5COCH2CI, CF ™o CHZ51 and
CFTOCHRBr, were obtained by treating the
respective acid halide with diazomethane. In the
case of the a-chloroketone, the yield obtained by
first forming the diazo ketone and treating this
with anhydrous hydrogen chloride was essentially
the same as that obtained by treating the acid
chloride with diazomethane directly. The a-halo-
ketones are strongly lachrymatory.

Attempts to prepare CFTOCHZF and CF*?
COCHA failed. In the case of CFTOCHA various
attempts were made, but the reaction was uncon-
trollable. Attempts to prepare CFTOCHZ were
confined to the treatment of CF7COF with diazo-
methane. In general, it was found that the prepa-
ration of ketones of the type RfCOCIRX by this
means is of little practical value, except in cases
where only small amounts are desired by a rapid
procedure.

EXPERIMENTAL

The acids, CF3COOH, CsF,COOH and C49COOH were
obtained from the Minnesota jMining and Mfg. Co., St.
Paul, Minn. The acid chlorides were prepared by con-
ventional methods using PCh or SOCI2and purified before
use by distillation. The diazomethane9 was prepared from
A-nitrosomethylurea as described by Bachmann et al.2

S,8,4,4,5,5,5-Heptafluoro-I-pentanol. Method 1. A dry 2-1
three-neck flask was equipped with a Herschberg stirrer,
reflux condenser, dropping funnel, and a gas inlet tube for
passing dry nitrogen through the system. The condenser
outlet was connected to a calcium chloride drying tube and
a bubbler. The nitrogen was dried by passing it through a
train consisting of a concentrated sulfuric acid scrubber
and a drying tube filled with potassium hydroxide pellets.

Twelve grams (0.5 mole) of reagent grade magnesium was
introduced into the flask and the apparatus was flamed. A
nitrogen atmosphere was maintained by passing a slow
stream of dry nitrogen through the apparatus during the
reaction.

(7) E. T. McBee and A Truchan, J. Am. Chem. Soc.,
70, 2010 (1948).
(8) F. Brown and W. K. It. Musgrave, J. Chem. Soc.,

2087 (1953).
(9) F. Arndt, Org. Syntheses, 15, 48 (1935).
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Ten ml. of ethereal methyl iodide (2 g.) was added to start
the reaction, and then 126 g. (0.39 mole) of n-CF7CH2CH2,
dissolved in 1 1 of sodium-dried ether, was added at a rate
sufficient to maintain reflux. When the addition was com-
plete the mixture was refluxed on a steam bath for 0.5 hr

The mixture was cooled to —78° in a Dry Ice-acetone
bath and dry oxygen was passed into the reaction flask
along with the nitrogen for about 10 hr., during which time
a gray salt precipitated. The mixture was allowed to warm
and 200 ml. of water was added dropwise, followed by the
addition of 40 ml. of concentrated hydrochloric acid.

The ether layer was removed and the aqueous layer ex-
tracted with three 50-ml. portions of ether. The combined
ether layers were dried over anhydrous magnesium sulfate,
the ether stripped off and the residue distilled. The fraction
boiling at 116-117°/630 mm., was collected. The yield, of
heptafluoropentanol was 64 g. (77%).

Method I1. About 0.055 mole (14 g.) of CFTCHZXHXD-
COCH3was mixed with 10 ml. of |S,/5-dihydroxyethyl ether
and 0.07 mole (4 g.) of potassium hydroxide in a stoppered
25-ml. flask. The mixture was allowed to stand, with
occasional shaking, at room temperature for 48 hr. The
alcohol was distilled directly from the reaction mixture
through a 10-theoretical plate, platinum spiral Todd column,
and the fraction (10.5 g., 91%) boiling at 116-117°/632
mm. was collected; n® 1.3151; d\° 1.506.

Anal. Calcd. for CHF0: C, 28.05; H, 2.35; F, 62.12.
Found: C, 28.32. H, 2.6; F, 61.9.

5.3.4.4,
mole) of CFTCHZHA, 50 g. (0.3 mole) of silver acetate
and 100 ml. of glacial acetic acid were placed in a 300-ml.
flask fitted with a reflux condenser and a calcium chloride
drying tube. The mixture was refluxed for 48 hr. with
occasional shaking. The solid became yellow, almost immedi-
ately, due to the formation of silver iodide.

The reaction mixture was cooled and slowly poured into
300 g. of cracked ice. The solution was filtered and the
precipitate washed with 50 ml. of ether. The filtrate was ex-
tracted three times with 50-ml. portions of ether and the
combined ether layers washed with a saturated solution of
sodium bicarbonate to remove any dissolved acid and dried
over anhydrous sodium sulfate.

The ether was stripped off and the residue was rectified
on a 10-theoretical plate, platinum spiral Todd column. The
fraction boiling at 132.5-133.0°/630 mm. was collected.
The yield of ester was 24.0 g. (55%); nD 1.3283, d\° 1.4135.

Anal. Calcd. for CHF02 C, 32.82; H, 2.76; F, 51.93.
Found: C, 32.7; H, 2.9; F, 5171

3.34.4,
(0.1 mole) of n-CFTH2ZHDH was dissolved in 140 ml. of
technical grade acetone in a 250-ml. three-neck flask fitted
with a mechanical stirrer, dropping funnel, condenser, and
thermometer. The mixture was cooled to 0° in an ice-salt
bath maintained at —5° and 14 g. (0.14 mole) of powdered
chromium trioxide was added portionwise. The addition took
about 0.5 hr., during which time the temperature of the
mixture was not allowed to exceed 15°. The mixture was
again cooled to 0° and 15 ml. (0.35 mole) of concentrated
sulfuric acid was added dropwise. The addition took about
1 hr., during which the temperature was not allowed to
exceed 15°. The mixture was kept at 15° for 1 hr. after the
addition was completed. The ice-salt bath was removed and
the temperature allowed to rise. The temperature spontane-
ously reached 35° and then fell to room temperature. The
reaction mixture was filtered through Filter-Cel, dried over
Drierite, and the acetone was stripped off. The residue was
distilled in a modified Claisen distilling flask and the frac-
tion boiling between 50-70° at 6 mm. was collected and
redistilled through a 10-theoretical plate, platinum spiral
Todd column. The fraction boiling at 62-63°/6 mm. was
collected. The yield was 13 g. (57%); b.p. 170-172°/630
mm.; m.p. 10°,VvD 1.3202; d\° 1.604.

d,5,5-Eeptafiuoro-1-pentyl acetate. Fifty grams (0.17

d,5,5-Heptafluoropentanoic acid. Twenty-one grams
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Anal. Calcd. for C5H3F702: C, 26.34; H, 1.33; F, 58.31.
Found: C, 26.5; H, 1.51; F, 58.6.

The method described by Henne et al.e for the oxidation
of CFCHZHDH resulted in only 4% yield of CFTCH2
COOH when applied to the alcohol CFTCH2ZHDH.

Oxidation of CFTCH2ZH2OH with Cr03in glacial acetic
acid resulted in about a 10% yield of the corresponding acid.
The procedure described by PowellD for the oxidation of
CHXI—CH2XH2DH with concentrated HNO3 when ap-
plied to this study resulted in total destruction of the
alcohol.

4,4,5,5,6,6,6-Heplafluorohexanoic acid. Four grams (0.17
mole) of dry magnesium turnings were placed in a dry 500-
ml. flask fitted with a reflux condenser and dropping funnel.
The whole apparatus was then heated with an open flame.
The reaction was started by adding 10 g. of CF;CH2ZCH2
and 10 ml. of sodium-dried ether, and warming on a water
bath. The reaction started immediately. An additional 40
g (to make 0.154 mole) of CFTCHZCHA in 200 ml. of ether
was added at a rate sufficient to maintain reflux. The mix-
ture was refluxed for an additional hour after the addition
was completed to insure completeness of reaction. The reac-
tion mixture was poured slowly onto approximately 100 g.
of finely crushed Dry Ice in a 1500-ml. beaker. When the
excess Dry Ice had evaporated the mixture was poured into
250 g. of cracked ice in a 500-ml. beaker and 30 ml. of con-
centrated hydrochloric acid was added. The mixture was
poured into a separatory funnel and the beaker was rinsed
with 50 ml. of benzene. The water layer was removed and
extracted with two 50-ml. portions of benzene. The benzene
and ether layers were combined and dried for 1 hr. over
anhydrous sodium sulfate. The ether and benzene solvents
were distilled through an 8-inch Vigreux column. The residue
was placed in a sublimation apparatus and the remaining
benzene removed under vacuum. The residue was sublimed
at 4 mm. pressure to yield 20 g. of acid (55%); m.p. 36-37°
(literaturell m.p. 37°).

Preparation of 3,3,4Ajd,5,5-heptafluoropentanoijl chloride
and the amide. Twenty-six grams (0.114 mole) of ii-CFTCH2
COH was placed in a 35-ml. flask fitted with a reflux con-
denser. The top of the condenser was attached to a calcium
chloride drying tube and a dilute sodium hydroxide scrubber.
Fifteen ml. (0.21 mole) of thionyl chloride was added and the
mixture refluxed for 15 hr.

The reflux condenser was replaced by a 4-in. metal spiral
distilling column and the excess thionyl chloride was stripped
off. The acid chloride was distilled under reduced pres-
sure and the fraction (12 g., 41.5%) boiling at 52-53°/140
mm. , 94-95°/630 mm. was collected. (Approximately 10
g. of the acid was recovered, some decomposition took place
during distillation.)

About 1 g. of the acid chloride was treated with dilute
aqueous ammonia to yield the amide. The recrystallized
and sublimed amide melted at 92.5-93.0°.

Anal. Calcd. for CH47N: C, 26.44; H, 1.77; N, 6.17.
Found: C, 26.80; H, 1.72; N, 6.18.

Preparation of 4A,5,5,6,6,6-heptafluorohexanoyl chloride
and amide. Eighteen grams (0.074 mole) of n-CH7CH22
COZXH was treated under conditions similar to those used to
prepare n-CF7TCH2COCI. In this case, however, the mixture
was refluxed for only 2 hr. The yield of acid chloride, b.p.
125-1267627 mm., was 14 g. (73%).

About 1 g. of the acid chloride was treated with dilute
aqueous ammonia. The precipitated amide, ii-CH7CH2)?2
CONHZ2 was recrystallized from water and sublimed, m.p.
96.5-97.0°.

5f>,6,6,7,7,7-Heptafluoroheptanamide. Eighteen grams
(0.074 mole) of CFACH22C0H was placed in a 50-ml.
flask fitted with a condenser, an absorbent cotton drying

(10) S. G. Powell, J. Am. Chem. Soc., 46, 2879 (1924).
(11) Private communication from the Minnesota Mining
& Mfg. Co., St. Paul, Minn.

PARK. LARSEN, HOLLER, AND LACHER

VOL. 23

tube, and an aqueous sodium hydroxide scrubber. Thirteen
grams (0.11 mole) of redistilled thionyl chloride (b.p. 73-
74°/628 mm.) was added and the mixture refluxed for 2 hr.
The mixture was distilled in a modified Claisen distilling
flask and the acyl chloride, b.p. 125-127°/627 mm. was col-
lected.

The acyl chloride (14 g.) was dissolved in 100 ml. of
sodium-dried ether and was added dropwise to a vigorously
stirred solution of 0.3 mole of diazomethane in 500 ml. of
ether. The mixture was kept below —10° for 2 hr. after the
addition was complete. The mixture was allowed to warm to
room temperature and the ether was removed under vacuum.
The crude diazoketone was dissolved in 100 ml. of dioxane
and placed into a 500-ml. three-neck flask. The flask was
fitted with a dropping funnel, stirrer, and condenser. The
outlet of the condenser was connected to an air-cooled trap,
a water scrubber, a dilute sulfuric acid scrubber, and a
bubbler. Approximately 150 ml. of aqueous ammonia (sp.
gr. 0.90) was added to the mixture and heated to 60-70°
on a water bath. To the mixture 30 ml. of 10% aqueous silver
nitrate was added dropwise. The mixture was then heated
to reflux for 2 hr., cooled, and the amide precipitated by the
addition of 250 ml. of cold water. The precipitated amide
was filtered, taken up in alcohol, and refiltered to remove the
silver oxide. The alcohol was evaporated and the crude
amide was sublimed from the tarry residue. The yield of the
amide was 6.2 g. (33%); m.p. 101.5-102°.

Anal. Calcd. for CHsF,NO: C, 32.9; H, 3.16; N, 55.
Found: C, 33.1; H, 3.04; N, 5.5.

Attempted preparation of 3,3AAA-Pentafluorobutyric acid.
About 20 g. of CF5C0C1 (1.16 moles) in 75 ml. of anhydrous
EtD was slowly added with stirring to a solution of approxi-
mately 0.3 mole diazomethane in 0.5 1 of ether cooled to
0° to —10°. After completion of the addition, the solution
was kept cold and stirred for an hour and finally allowed to
warm up to room temperature with stirring over a period of
6 to 7 hr. The excess ether was then removed under reduced
pressure with a water aspirator at room temperature. A
bright yellow, oily liquid was obtained which evolved nitro-
gen vigorously when treated with concentrated HCI, indi-
cating the presence of the —CHN2group. This diazo ketone
was dissolved in 100 ml. of dioxane and added dropwise to a
solution of 2 g. of silver oxide, 3 g. of sodium thiosulfate and
5 g. of sodium carbonate in 200 ml. of H,0 at 50-60°. The
mixture was stirred for an hour after completion of the
addition and finally heated to reflux for an hour.

The solution was then cooled, acidified with dilute nitric
acid, and extracted with ether. The dried ether solution
upon distillation did not yield any of the expected product.

The attempted Wolff rearrangement carried out with the
diazo ketone dissolved in alcohol or in the presence of dioxane
and aqueous ammonia did not yield the expected amide or
ester.

Attempted preparation of CtF\CHiCOOEt. C4F9COCI was
treated with CH2N2in a manner similar to that described for
the attempted preparation of CF6CH2COOH. Although the
corresponding diazoketone was formed, the normal Wolff
rearrangement to C4AFSCH2COOEt did not take place.

Preparation of heptafluoropropyl chloromethyl ketone.
Method I. Twenty-three grams (0.1 mole) of perfluorobutyryl
chloride was dissolved in 150 ml. of sodium-dried ether in a
1-1, three-neck flask fitted with a dropping funnel, stirrer,
and calcium chloride drying tube. The mixture was cooled
in an ice-salt bath to —15°, and ethereal diazomethane was
added dropwise to the vigorously stirred solution. The addi-
tion was stopped when the solution became pale yellow show-
ing the presence of excess diazomethane. The mixture was
kept cold for an additional 2 hr. and then allowed to warm
to room temperature. The ether was stripped off and the
residue rectified on a micro Podbielniak glass concentric-tube
column. The vyield of a-c.hloroketone, b.p. 97-98° at 625
mm. was 7.0 g. (28.5%), nD 1.3240 and d\° 1.580.

Anal. Calcd. for CH2ZCIFO: C, 24.3; F, 54.0. Found-
C, 24.6; F, 53.9.
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TABLE |
Summary of Properties of New Compounds
B.P.
Mm. M.P., Molar Refraction ARF
Compound °C. Hg °C. ftop rf:° Caled.“ Found Calcd.
ra-CF7CH2CH2 112-113 628 -5 1.3771 1.918 38.10 38.89 1.21
77.8 185
44.3 47
re-CF7CH.2CH.000C 113 132 633 1.3283 1.4135 35.49 36.8 1.24
re-CFTCH2ZCHZ2OH 116-117 632 1.3151 1.506 26.83 27.81 1.24
62-63 111
re-CF7CHOCOOH 170-1726 630 10 1.3202 1.604 26.84 28.21 131
62.3 6
n-CF7CH,CONH2 92.5- 93
n-CF 71 CH2)»CONH2 96.5- 97
re-CF71CH )CONH 102.5-103
b-CFTCOCHZL 97-98 625 1.3240 1.580 30.18 31.8 1.21
61 178
re-CFTCOCHBr 118 631 1.3436 1.818 33.08 33.88 1.22
80.2 213
CFCOCHZL 74 634 1.3088 1.348 26.55 27.8 1.34

“ Calculated from the Lorenz-Lorentz formula with 1.1 as ARf for fluorine. 6 With dec.

Method I1. Twenty-three grams (0.1 mole) of CF7COCI
dissolved in 150 ml. of sodium-dried ether was added drop-
wise to 500 ml. of ethereal diazomethane (prepared from
35 g. of iV-methylnitrosourea) contained in a 1-1 three-
neck flask fitted with a dropping funnel and stirrer. The
third neck was protected with a calcium chloride drying
tube. The reaction mixture was kept cold (0° to —10°)
during the addition of the acid chloride.

When the addition was completed the mixture was allowed
to warm to room temperature and allowed to stand for 8
hr. The dropping funnel was replaced by a gas inlet tube,
and a bubbler was attached to the drying tube outlet.
Anhydrous hydrogen chloride, passed successively through
a safety trap, a concentrated sulfuric acid scrubber, and a
second safety trap, was passed slowly into the solution.
When the evolution of nitrogen ceased, the flow of hydrogen
chloride was discontinued. The solution was then worked up
as described in Method I. The yield of CFTCOCHZCL (b.p:
98.5-99.5°/632 mm.) was 7 g. (28.5%).

Preparation of heptajluoropropyl bromomethyl ketone. This
reaction was carried out under conditions similar to that
described for CFTCOCHZXI (Method 1). Twenty-eight
grams (0.1 mole) of CF7COBr was used. The fraction boiling
at 80-81° at 213 mm. was collected. The yield of a-bromo-
ketone was 6 g. (20%), n4 1.3436; ;1° 1.818.

Anal. Calcd. for CHBrFD: C, 20.64; H, 0.69; Br, 27.46.
Found: C, 20.69; H, 0.80; Br, 27.80.

Pentafluoroethyl ehloromethyl ketone was prepared in a
manner similar to that used for the preparation of C3F7CO-
CHZ1
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preciation to the Office of Naval Research and to the
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Action of Aluminum Chloride on Hexafluoropropene

J. D. PARK, S. L. HOPWOOD, Jr.1 and J.

R. LACHER

Received March 10, 1958

Aluminum chloride has been found to

react with hexafluoropropene to yield CF3CF=CFC1,

CFXF=CC12

CFX1CF=CC12 CFCIXF=CC12 CCIXF=CC12and CCIsCCI=CCI2 A mechanism for the reactions involving replace

ment as well as rearrangement is postulated.

The reaction of aluminum chloride with chloro-
fluoroalkanes to replace fluorine by chlorine has
been reported by Tienne2-3and Miller and his co-

(1) From the Ph.D. dissertation submitted to the Uni-
versity of Colorado, May 1953. E. I. du Pont de Nemours &
Co., Inc., Pre-doctoral fellow: 1952-1953.

(2) A L. Henne and H. M. Leicester, J. Am. Chem. Soc.,
60, 864 (1938).

(3) A L. Henne and M. S. Newman, J. Am. Chem. Soc.,
60, 1697(1938).

workers.486 In the present work, the action of alu-
minum chloride on hexafluoropropene was studied
to ascertain the order of replacement of the organi-
cally bound fluorine atoms by chlorine and the de-

(4) W. T. Miller, Jr., J. Am. Chem. Soc., 62, 993 (1940).

(5) W. T. Miller, Jr., E. W. Fager, and P. H. Griswald,
J. Am. Chem Soc., 72, 705 (1950).

(6) W. A Miller, Jr., U. S. Patent Application 47,553.
Chem. Abstr., 47, 4895 (1953).
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velopment of this method as a simple procedure for
the synthesis of various chlorofluoropropenes.

A study of the chlorofluoroolefins isolated. CF3
CF=CFC1, CFF=CC12 CFX1CF=CC12 CFCi,-
CF=CC12 CCLXF=CC12 and CCl3xC1=CC12
reveals that only one isomer was obtained. This
seems to rule out the possibility of random .substi-
tution.

Miller6has shown the singular example of the re-
arrangement of CFC1Z F=CF2to CFZC1CF=CFC1
under the catalytic influence of aluminum chloride
without reporting experimental conditions or
finding the isomer CFF=CC12 as one of the
intramolecular rearrangement products.

In this study the stability of the chlorofluoro
groupings toward replacement and/or rearrange-
ment reactions with aluminum chloride in the per-
halopropenes was found to be in the following order:

=
—C= > CF, - > CFXl— > CFC}1, > =G

~Cl

The fluorine atom on the central carbon atom
showed the greatest resistance to replacement by
chlorine. In contrast to this, Miller5found that the
fluorine atom on the central carbon atom in CF2
CICFCICFoCI was most easily replaceable or rear-
ranged to CFCIZFZ] and CFCLACCIL3

Under the conditions of our study, CFICF—CC12
and CCIXF=CC!2 were obtained it the largest
quantities. The olefins, CFLF=GFC1, C~>(L
CF=CC12 and CFC12CF=CCI>, were found in
small amounts. Since the remarkable chemical
stability of the CF3 and CCl2groups is well-known
in these aluminum chloride reactions,57the greater
yield of CFECF=CC12(in comparison to CF,C1CF=
CCU and CFC1XF=CC12 may be attributed to
this factor. These results parallel the stability of the
above groups toward chlorine replacement by re-
agents such as antimony fluoride.

EXPERIMENTAL

Hexafluoropropene was obtained from the pyrolysis of
CFXF2XF200Na according to the method of Hals, Feed,
and Smith.8

Action of AICIs on hexnfluoropropene at low temperatures.
The reaction between AIC13 and OFF=CF2 was first
investigated by heating the reactants in a I’yrex combustion
tube at a series of temperatures ranging from 0° to 153°.
The temperature range, 50-60°, gave the best conversion
of CFXF=CF2 to chlorofluoropropenes with the least
amount of tar formation.

About 266 g. (2 moles) of anhydrous granular aluminum
chloride (Baker c.p.) was first placed in a 500 ml. capacity
Parr bomb and then evacuated. After cooling the bomb to
—78°, about 150 g. (1 mole) of CFF=CF2was added.
The bomb and its contents were allowed to warm gradually
to room temperature under agitation and the temperature
gradually raised to 50°. A maximum pressure of 200 -250

(7) A. M. Whalev and H. W. Davis, J. Am. Chem. Soc.,
70, 1026 (19481

(8) L.J. Hals, T. S. Reid, and G. H. Smith, Jr., ./. ,1m.
Chem. Soc., 73, 4054 (1951 ).
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p.s.i.g. was obtained in the first hour which gradually de-
creased to 150-200 p.s.i.g. during the next 4 hours with the
temperature still at 50-60°. After being cooled to room
temperature, the bomb was chilled to —20°, after which
the ga«es were vented into a trap cooled to —78°. The
recovery was 47 g. of hexafluoropropene.

The bomb was opened and the liquid products decanted
from the solid residue. In 8 similar runs, a total of 450 g.
(3 moles) of CFCF=CF2and 798 g. (6 moles) of AICh
were used. The recovery was 125 g. of OFCF=-CF, and
131 g. of liquid products. The solid residue, which contained
a considerable amount of tar, weighed 927 g. The over-all
material recovery for the 3 runs «'as 1183 g. as against an
original total charge of 1248 g. The recovery was 94.8%.

Hgdroli/sis of the solid residue. A 3-1. three-neck flask was
equipped with a dropping funnel, a feed-tube for solids and
a reflux condenser with a gas delivery outlet leading to
a series of traps cooled in an ice water and a dry ice acetone
bath. Dilute hydrochloric acid and the solid residue were fed
into the flask and allowed to react in an excess of the acid.
An oil separated from the aqueous reaction mixture along
with a large amount of tar. The gases which were liberated
and collected in the traps amounted to 21 g. The aqueous
acid solution containing the oil-tar layer was neutralized
with dilute base and after cooling extracted with Skelly
Solve B and the extract dried over sodium sulfate. Distil-
lation of the 21 g. of gaseous products combined with the 131
g. of liquid vielded the following cuts: 2.9 g. of CFF=
CFC1;928 g' of CFCF=CC1214.1 g. of CFX1CF=CC12
b.p. 79.67627 mm.; nD 1.4046; dD 1.6084.

Anal. Calcd. for C1¥3 C, 18.05; Cl, 53.5. Found: C,
18.03; CI, 53.1.

3.6
d\° 1.6562.

Anal. Calcd. for CX142 C, 16.66; Cl, 65.71. Found: C,
17.05; Cl, 65.70.

Distillation of the oil obtained from tho hydrolysis of the
solid residue yielded only small quantities of the above
olefins. The main fraction was 116 g. of CCIF=CC1211

Action of aluminum chloride on hexafluoropropene at high
temperatures. The reaction of AICI3with CFECF=CF2was
also studied at 75°, 100° 150°, and 450°. The results
showed a large increase in tar formation and the isolation
of only CC1F=CC!2

The reaction of 530 g. (3.43 moleslof CFF=CF2and
693 g. (5.21 moles) of AICI3 was studied at 450° after 6
hr. of continuous stirring, the bomb was brought to room
temperature, and vented into traps. About 201 g. of CF3
CF=CF2was recovered. Xo liquid products were recovered
on opening the bomb. The solid residue was hydrolyzed
with dilute HC1 and treated as previously described. Frac-
tionation yielded 19.5 g. of CCIICF=CCi2and about 50 g.
of CC13—CC13along with a higher polymeric material, m.p.
222 -223°, which was not characterized.

In another run, about 19.4 ;. (0.084 moles) of CC1XF--
CCl12and 3.99 g. (0.028 moles) of AlC13was placed in a 50
ml. round-bottom flask equipped with a reflux condenser
and allowed to reflux for 18 hr. Hydrolysis of this reaction
mixture and treatment as previouslv described vielded 2.6
g of CC1XF="CCl2and 11.8 g. of CC13C1=CC12

Proof of structure. The proofs of structure of the various
olefins were obtained by comparison of the physical proper-
ties and infrared spectra of our compounds with those of
known structure previously described in the literature.
The works of Miller,6Henne el al,;9and Whaley and Davis7
along with our studies gave stimulus for the consideration
of the following mechanism.

(9) A L. Henne and T. H. Xewbv, J. Am. Chem. Soc,
70,132(1948).

(10) A L. Henne, A. M. Whaley, and J. K. Stevenson.
J..4m. (‘hem. Soc., 63, 3478 (1941).

(11) A I, Henne and T. P. Waalkes, ./. .4»?. Chem. Soc.,
68, 496 <1946).

g. of CFC1ZF=CC12 b.p. 1217627 mm.; n® 1.4891;
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1 CFXF=CF2+ AICL, — mAIClaF- + CF2—-CF=CF2

2. CF2—CF=CF2+ AIClaF- — >
CFX1—CF=CF2+ AICIF

AlCU
3. CFC1CF=CF2-m > CFLF=CFC1

4. CFLF=CFC1 + AICIsF —>=

CFr-CF=CFCIl + AICIF2

5. CF2—CF=CFC1 + AICIsFi — >
CFX1—CF=CFC1 + AICIF2

i3-3-ixdolyl compounds
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AlCU
6. CFX+—CF=CFC1-——-CFLF=CCR2

7. CFCF=CC2+ Aids — AICI3F- + CFi—CF=CC}
8. CF2—CF=CC2+ AICI3F- — >
CFXICF=CC2+ AICI2F

Steps 3 and 6 involve intramolecular rearrangement.
Step 8 continues stepwise until CCBBCF=CC 2is ultimately
formed. This latter compound, C013C F=C C 2, which resists
quite strongly the action of AICL to convert it to CCB—
CCE=CC 2 may be partially explained on the basis of the
peculiar geometry of the molecule which prevents the com-
plexing of AICBwith CCICF=CC2

Boulder, Colo.

[Contribution from the Laboratory for the Study of Hereditary and Metabolic Disorders,
and the Departments of Biological Chemistry and Medicine, University- of Litah]

Preparation and Properties of 3-3-Indolyl Compounds
Related to Tryptophan Metabolism1l

KENNETH N. F. SHAW,2 ARMAND McMILLAN, ARIEL G. GUDMUNDSON,
and MARVIN D. ARMSTRONGS3

Received October 14, 1957

3-Indolylpyruvic acid was prepared from DL-tryptophan via the N-chloroaeetyl derivative and 2-methyl-4-(3'-indolal )-
5-oxazolone, and also from 3-formylindole via 2-methyl-4-( 1'-acetyl-3 "-indolal )-5-0xazolone. The pyruvic acid was converted
to d-(3-indolyl)lactic and /3-(3-indolyl)-a-oximinopropionic acids. ,8-(3Tndolyl)acrylic and /S-(3-indolal)malonic acids were
synthesized from 3-formylindole and malonic acid. 3-Indolylglyoxylic acid, amide, and methyl ester were prepared from
indole and oxalvl chloride via 3-indolylglyoxylyl chloride. 3-Indolylglycolic acid was obtained as a stable sodium salt by
reduction of the glyoxylic acid and the instability of the free glycolic acid was confirmed. 3-Indolylcarboxylic acid was pre-
pared from 3-cyanoindole which was obtained from 3-indolylglyoxylic acid or from 3-formylindole via the aldoxime. 3-
Indolylacetamide was synthesized from 3-indolylacetic acid via the acid chloride. The factors which influence the yield,

stability, and purity of these compounds are considered in relation to inadequacies in earlier literature.

Only a minor portion of the tryptophan ingested
by man follows the known metabolic paths, which
lead to nicotinic acid or to serotonin, and the fate
of the remainder is uncertain.4 Varying small
amounts of many indole compounds are present in
human urine; an abnormal excretion of some of
these compounds has been reported in cases of
phenylketonuria,5 malignant carcinoid tumor,67
and Hartnup disease.&The preparation of several
3-indolyl compounds, which were required in a
study of urinary indole acids and their possible

(1) Supported by research grants from the National Insti-
tutes of Health, U. S. Public Health Service.

(2) Gates and Crellin Laboratories of Chemistry, Cali-
fornia Institute of Technology, Pasadena, Calif.

(3) The Fels Research Institute, Antioch College, Yellow
Springs, Ohio.

(4) For recent reviews on the metabolism of tryptophan,
see A. H. Meister, Biochemistry of the Amino Acids, Aca-
demic Press Inc., New York, 1957, pp. 333, 407, and C. E.
Dalgliesh, Advances in Protein Chemistry, 10, 79 (1955).

(5) M. D. Armstrong and K. S. Robinson, Arch. Biochem.
Biophys., 52, 287 (1954).

(6) A Sjoerdsma, H. Weissbach, and S. Udenfriend,
Am. J. Med., 20, 520 (1956).

(7) G. Curzon, Arch. Biochem. Biophys., 66, 497 (1957).

(8) J. B. Jepson, Biochem. J., 64, 14P (1950).

significance in relation to other metabolic paths,9
is reported in the present paper. New syntheses of
indolepyruvic acid, sodium indoleglycolate, and
indoleacetamide are presented, together with ef-
fective procedures for indoleacrylic, indolecarbox-
ylic, indoleglvoxylic, and indolelactic acids. The
conditions which influence the yield, stability, and
purit.v of the compounds are considered. These
factors have not been treated sufficiently in many of
the earlier publications, and procedures frequently
have not been described or are inadequate.
d-(3-Indolyl)pyruvic acid (1) was prepared in
43% overall yield from no-tryptophan via its N-
chloroaeetyl derivative (I1) and 2-methyl 4-(3'-
indolal)5-oxazolone (111). Cooley and WoodDused
this approach to make N-acetyldehydrotryptophan,
but did not isolate | and Ill. | also was obtained in
low yield via 2-methyl-4-(l'-acetyl-3'-indolal)-5-
oxazolone by condensing 3-formylindole with
acetylglycine. Bentley et al.u recently- described the

(9) M. D. Armstrong, K. N. F. Shaw, M. G. Gortatowski,
and H. Singer, J. Biol. Chem., 232, 17 (1958).

(10) S. L. Cooley and J. L. Wood, J. Biol. Chem., 185,
287 (1950).

(11) J. A. Bentley, K. R. Farrer, S. Housley, G. F.
Smith, and W. C. Taylor, Biochem. J., 64, 44 (1956).
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In-CH2CH—-C€OOH—uIn—CH2CH-COOH

NH2 HN.V \'/0

CH2X1
I

H

preparation of | (46% vyield crude) from £-(3-
indolal)hydantoin and reported that earlier syn-
theses, which involved the condensation of 3-
formylindole with hippuric acid,2 or with rhoda-
nine,13are unsatisfactory.

The preparation of |1 by treating DL-tryptophan
in alkaline solution with chloroacetyi chloride is
well known. 4 The reported yield, however, has not
exceeded 50-60%,5 possibly because of side re-
actions.” In the present work, pure Il was ob-
tained readily in 88% vyield by careful control of pH
during acylation.

The Bergmann rearrangement® of 11 with pyri-
dine and acetic anhydride provided crude oxazo-
lone 111 in 92% and purified 111 in 56% vyield. 111
reacts slowly with water or alcohols in the cold,
but more rapidly on heating. Crystalline 111 has
shown no change in properties during storage at
5° for several years.

The pyruvic acid | was prepared in 53% vyield
from crude oxazolone 111 and in 67%. yield from
purified 111 by alkaline hydrolysis. The yield and
purity were impaired unless | was isolated rapidly
from the aqueous hydrolyzate at a low temperature
with exclusion of air. These precautions were
adopted following the observation that the stability
of | varies markedly with pH and solvent. A lower
decomposition point of | and color development
indicate slow deterioration in agueous suspension,
which is accelerated by mineral acids, and which
also occurs to a lesser extent in alcoholic solution.
The oxidative character of the breakdown is ap-
parent from a recent report that | decomposes

(12) A Ellinger and Z. Matsuoka, Z. physiol. Chem., 109,
259 (1920).

(13) C. Granacher, M. Gerd, and V. Schelling, Helv.
Chim. Acta, 7, 575 (1924).

(14) E. Abderhalden and M. Kempe, Ber., 40, 2737
(1907).

(15) J. B. Gilbert, V. E. Price, and J. P. Greenstein,
J. Biol. Chem., 180, 473 (1949).

(16) S. M. Birnbaum, L. Levintow, R. B. Kingsley, and
J. P. Greenstein, J. Biol. Chem., 194, 455 (1952).

(17) The scope of this rearrangement was extended and
relevant literature reviewed recently: J. C. Sheehan and
W. E. Duggins, J. Am. Chem. Soc., 72, 2475 (1950). Also
see E. Baltazzi, Quart. Revs., 9, 150 (1955); R. C. Elderfield,
Heterocyclic Compounds, J. Wiley and Sons, New York,
1957, vol. 5, p. 347.

Shaw, McMillan, gudmondson, and Armstrong
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extensively in water on paper chromatograms,1l
where a fast reaction would be expected with a thin
film exposed to air. I decomposes more rapidly at
pH 8. Attempts to make the monosodium salt in
water or absolute alcohol, analogous to the stable
sodium phenylpvruvate,Byielded colored products
of uncertain character, and the formation of 3-
indoleacetic acid and 3- ormylindole was observed
when a sodium bicarbonate solution of I was ex-
posed to air. StoweBhas mentioned recently that a
rapid conversion of enolic free acid to the keto form
at pH 8 is followed by “other unknown changes.”
The decomposition of | in hot alkali during syn-
thesis is relatively slow because of exclusion of air,
and possibly because of further ionization to a
more stable doubly charged anion.

Solutions of | in ncn-reactive dry organic sol-
vents are relatively stable; however, short crystal-
lization periods (3-4 hr.) and avoidance of pro-
longed heating are advisable. | forms stable sol-
vates with dioxane or acetic acid; the acetic acid
solvate is useful in isolation and purification be-
cause of its poor solubility. The pure solvates and
free | in crystalline form have shown no change in
properties during storage at 5° for three years, or at
room temperature for several weeks; impure prepa-
rations slowly deteriorated at room temperature.

I was converted to its oxime (IV) by a modi-
fication of the method of Holland and Nayler.2D
The high yield (88%) and stability make 1V of po-
tential interest as a means of recovering small
amounts of | from biological preparations.

d-(3-Indolyl)lactic acid (V) was prepared from
the pyruvic acid | in 38% yield by reduction with
sodium amalgam, and :n 74% yield by hydrogen-
ation over palladium oxide. An earlier report on
sodium amalgam reduction gave no procedure or
yield.2L The poor yield from this method may be
attributed to instability and partial loss of sodium
indolepyruvate which is present at the start of the
reaction. Side reactions also occurred during cat-
alytic hydrogenation. The reduction of | to V in
85% vyield by hydrogenation over Raney nickel
was indicated without details in an earlier report.2
The preparation of V in two steps from gramme
and diethyl acetoxymalonate (52% overall yield)
was reported recently from this laboratory.3
A circuitous reduction of methyl indolepyruvate
with sodium borohydride also has been described.1l
The earliest synthesis of V involved basic racemi-
zation of the D-antipode2l which was obtained by

(18) R. Hemmerle, Ann. chim. et phys., 7, 226 (1917).

(19) B. B. Stowe, Biochem. J., 61, ix (1955).

(20) D. O. Holland and J. H. Nayler, J. Chem. Soc.,
280 (1953).

(21) K. Ichihara and N. Iwakura, Z physiol. Chem., 195,
202(1931).

(22) L. C Baugess and C P. Berg, J. Biol. Chem., 104,
675 (1934).

(23) M. G. Gortatowski and M. D. Armstrong, J. Org.
Chem., 22, 1217 (1957).
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fermentation of L-tryptophan with Oidium lactis.2
V is stable in crystalline form, or in organic solu-
tions. Decomposition occurs when aqueous solu-
tions are concentrated,2thowever, and is accelerated
by mineral acids.

/3-(3-Indolyl)acrylic acid (VI) was obtained in
*50% vyield by condensation of 3-formylindole with
malonic acid. Paper chromatography was used to
follow the reaction. About 77% of the 3-formylin-
dole was converted to a crude product containing
85% VI and 15% of the intermediate indolalma-
lonie acid (VI1), which were separated readily by
extraction and fractional crystallization. In con-
trast, most of the VI was destroyed and the re-
mainder was grossly contaminated with decompo-
sition products when the procedure of Baugess and
Berg2 was followed: i.e. repeated precipitation of
VI by acidification of an alkaline solution and final
recrystallization from water. Others also have
criticized the original procedure because of low
variable yields. 8% A synthesis of VI from 1-
acetyl-3-formylindole and malonic acid (48% vyield)
was reported recently.® Solutions of VI in non-
reactive organic solvents are stable. Crystalline VI
has shown no change in properties during storage
at 5° for three years.

3-Indolylglyoxylic acid (VIII) was prepared
in 87% vyield by condensation of oxalyl chloride
with indole and hydrolysis of the resulting indole-
glyoxylyl chloride (1X). The methyl ester and amide
also were obtained in high yields from IX. GiuaZg
erroneously designated an impure product of this
reaction as 2-indolylglyoxylic acid; its correct
nature was indicated by Kharasch et al.2s and con-
firmed recently by Specter and Anthony,® but
sparse data were given. Other less efficient syn-
theses have involved the action of indolylmagne-

in + (Q00)2—min—E0—QOCCL
IX
A “mester, amide

in—CHOH—COONa & 1n —C0—C0H

Na-X Vil

N
H

sium halides or indolylsodium on alkoxalyl chlorides
or diethyl oxalate. 3834V 111 is generally more stable

(24) F. Ehrlich and K. A. Jacobsen, Ber., 44, 888 (1911)-

(25) F. C. Happold and L. Hovle, Biochem. 29, 1918
(1935).

(26) J. S. Moffatt, J. Chem. Soc., 1442 (1957).

(27) M. Giua, Gazz. chim. Hal., 54, 593 (1924).

(28) M. S. Kharasch, S. S. Kane, and H. C. Brown, ./.
Am. Chem. Soc., 62, 2243 (1940).

(29) M. E. Speeter and W. C. Anthony, J. Am. Chem.
Soc., 76, 6208 (1954).

(30) R. Majima and T. Shigematsu, Ber., 57, 1449
(1924).

(31) R. Majima, T. Shigamatsu, and T. Rokkaku, Ber.,
57, 1453 (1924).

(32) B. Oddo and A. Albanese, Gazz. chim. ital., 57, 827
(1927) [Chem. Ahstr., 22, 1775 (1928)].
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than its homolog I. It decomposes slightly in hot
aqueous alcohol solutions, however, and complete
decomposition is observed when a hot alkaline
solution is acidified.

Sodium 3-indolylglycolate (Na-X) was prepared
from the glyoxylic acid VIII in 68% yield by re-
duction with sodium amalgam, and in 85% vyield
by hydrogenation over palladium oxide. Na-X also
has been obtained, but without isolation, by con-
densation of indole with sodium glyoxylate,® and
by reduction and saponification of esters of VV 111. 11«1
Na-X is stable and readily purified; in contrast, the
free acid X decomposes easily. Baker3 observed a
rapid breakdown when an aqueous solution of Na-X
was acidified and concluded that X might be sensi-
tive to atmospheric oxidation. Solutions of X in
ether or methanol can be handled in air for short
periods without serious loss, however, but X de-
composes quickly as soon as it is precipitated from
solution, even in absence of air and water. It is possi-
ble that aggregation to the solid state promotes an
autocatalytic dehydration of X, with reactivity of
the resulting 3-carboxymethyleneindolenino (XI) or
intermediate carbonium ion leading to further
changes. A similar mechanism was proposed re-
cently to explain the behavior of 3-hydroxymethyl-
indole.®In view of the instability of X, doubts may

be held concerning a recently reported isolation of
X from cabbage,¥ and earlier claims of synthesis
by treatment of 3-dichloroaeetylindole with alkali,
or by oxidation of 3-chloroacetylindole.3

Several procedures were tested for converting
the glyoxylic acid V111 to its oxime (X11) which was
desired as a possible precursor for 3-indolviglycine.

(33) J. W. Baker, J. Chem. Soc., 458 (1940).

(34) J. Elks, D. F. Elliott, and B. A. Hems, J. Chem.
Soc., 629 (1944).

(35) J. B. Greenberg, A. W. Galston, K. N. F. Shaw, and
M. D. Armstrong, Science, 125, 992 (1957).

(36) E. Leete and L. Marion, Can. J. Chem., 31, 775
1953).
( (37; A. Fischer, Planta, 43, 288 (1954); also see D. Racu-
sen, Arch. Biochem. Biophys., 58, 508 (1955).

(38) G. Sanna, Gazz. chim. ital., 59, 838 (1929) [Chem.
Ahstr., 24, 2127 (1930)]; Rend, seminario facolta sci. univ.
Cagliari, 4, 28 (1934) [Chem. Ahstr., 30, 6363 (1936)].
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V11l was recovei'ed unchanged after treatment with
hydroxylamine hydrochloride in sodium bicar-
bonate solution at room temperature, conditions
under which the homologous pyruvic acid |
is transformed readily to its oxime IV. The
lesser reactivity of VIII may be attributed to conju-
gation of the carbonyl and ring imino groups. When
V111 was treated with hydroxylamine hydrochloride
in boiling alcoholic pyridine, however, 3-cyanoin-
dole (XIII) was obtained in 82% yield instead of
oxime XII. An initial conversion to oxime XII
probably occurs, followed by a simultaneous

0 0
I CsH6N I . CHSNH
'C"_C'OH NH30HC1* In—(li—C ‘h%
N—OH -Coz
Vil X1
In—CHO GHN _ In ftH soc:*In CEN
NH3oHC: rr
N—OH X1
XIV
-0 ?
H
dehydration and decarboxylation, which could

be autocatalytic (Xlla) or catalyzed by pyridinium
cation (XIIb). Simple decarboxylations of VIII or
X1, which would lead to the aldoxime XIV as an

IN—CT C=0 IN—C— o =o
N ES C5H5+ll>IJ——H ) Voan oF
\())(H Hl
4 Xlifc
Xlla

intermediate, are excluded as possible mechanisms
because 3-formylindole is converted quantitatively
to aldoxime XIV, and not to nitrile XIII, under
conditions used for the glyoxylic acid VIII. The
formation of X111 from V111 in hot potassium ace-
tate solution was indicated without details in an
earlier report.3L X111 also has been prepared by
dehydration of oxime XIV with acetic anhydride
{via the l-acetyl nitrile),®or with thionyl chloride,®
by dehydration of 3-indolecarboxamide with phos-
phorus oxychloride,Dand by the action of cyanogen
chloride on indolylmagnesium iodide.3

The nitrile X111 is weakly acidic, and its solubil-
ity in water or aqueous alcohol increases upon addi-
tion of alkali. This property, which reflects elec-
tron withdrawal by the 3-cyano from the ring imino
group, is useful in purification. XIII is stable in
crystalline form or in organic solutions.

3-Indolylcarboxylic acid (XV) was prepared in
91% vyield by alkaline hydrolysis of nitrile XIII.
Majima et al.n mentioned without details the use of

(39) R. Pschorr and G. Hoppe, Ber., 43, 2543 (1910).

(40) F. P. Doyle, W. Ferrier, D. O. Holland, M. D.
Mehta, and J. H. 0. Nayler, J. Chem. Soc., 2853 (1956).
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this reaction to characterize XI11. Other methods
for the synthesis of XV which were tested included
oxidation of 3-formylindole with alkaline perman-
ganate,4lreaction of indolyl magnesium iodide with
carbon dioxide, 202 and oxidation of glyoxylic acid
V111 with alkaline hydrogen peroxide. The yields
from these reactions were inferior, however, and the
products decomposed 12-20° lower than the prod-
uct from hydrolysis of nitrile X1, because of the
presence of minor impurities which were revealed by
paper chromatography.9 The reaction of indolyl
magnesium iodide with ethyl chloroformate has
been used to make 3-carbethoxyindole (54-78%
yield),42248but hydrolysis of this ester to XV has
not been reported. XV is stable in crystalline form
and in alkaline solution. A partial decomposition
of free XV in hot water however, has been men-
tioned in earlier reports.444"

3-Indolylacetamide (XVI) was synthesized in
71% vyield from indoleacetic acid via indoleacetyl
chloride. The yield of acid chloride was increased
from 66%4%to 83% by use of low temperature and
exclusion of moisture. The acid chloride was con-
verted smoothly to amide XVI by the action of dry
ammonia; an unsuccessful attempt to use this
route was reported earlier.Z@XV1 has been obtained
previously in low yield by dry distillation of am-
monium indoleaeetate,& or as a byproduct in the
hydrolysis of indoleacetonitrile to indoleacetic
acid.4850

EXPERIMENTAL

N-Chloroacetyl-Dij-Iryptophan (11). A solution of 102.1 g.
(0.50 mole) of DL-tryptophan in 600 ml. of 0.83X sodium
hydroxide was stirred vigorously at 5-10° while 59.3 g.
(0.525 mole) of chloroacetyl chloride was added dropwise
during 1 hr. The pH was held at 10.0-11.0 (Beckman pH
meter) by concurrent addition of 115 ml. of 5N sodium
hydroxide in small portions. The solution was stirred for
10 min. more, 500 ml. of ethyl acetate was added, and the
mixture was acidified to pH 1.7 with 6N sulfuric acid.a
The aqueous phase was separated and extracted with 3
more 100-ml. portions of ethyl acetate. The combined ethyl
acetate extracts were washed with water, dried over anhy-
drous sodium sulfate, treated with charcoal, and concen-

(41) A. Ellinger, Ber., 39, 2515 (1906).

(42) R. Majima and M. Kotake, Ber., 55, 3865 (1922);
63, 2237 (1930).

(43) R. K. Brown and R. A. Garrison, J. Am. Chem. Soc.,
77, 3839 (1955).

(44) G. Ciamician and C. Zatti, Ber., 21, 1929 (1888).

(45) K. Bowden and L. Marion, Can. J. Chem., 29, 1037
(1951).

(46) E. Shaw and D. W. Woolley, J. Biol. Chem., 203,
979 (1953).

(47) J. W. Baker and F. C. Happold, Biochem. J., 34,
657 (1940).

(48) R. Majima and T. Hoshino, Ber., 58, 2042 (1952).

(49) H. R. Snyder and F. J. Pilgrim, J. Am. Chem.. Soc.,
70, 3770 (1948).

(50) F. Poppelsdorf and S. J. Holt, J. Chem. Soc., 4094
(1954).

(51) When the solution was acidified in absence of ethyl
acetate, impure Il precipitated as a gum which crystallized
slowly.
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trated at a reduced pressure to 350 ml. The solution was
seeded with a rubbed aliquot during the final stage of con-
centration and stored at 5° for 2-3 days with occasional
shaking@ 98.5 g. (70% yield) of cream-colored crystals
was collected, m.p. 154-155° (dec.) (in bath at 150°, 1°
per minute).8 A second crop of 25.8 g. (18% yield), m.p.
152-154° (dec.), was obtained from the filtrate. A sample
was recrystallized from ethyl acetate with charcoal treat-
ment,64 m.p. 156-157° (dec.) (lit. D m.p. 154-155°).

Anal.M Calcd. for CIHICIND 3 C, 55.62; H, 4.67; Cl,
12.63; N, 9.98. Found: C, 55.89; H, 4.60; Cl, 12.35; N, 9.69.

2-Methyl-Jt-{3'-indolal)-B-oxazolone (II11). A mixture of
112.3 g. (0.40 mole) of Il, 300 ml. (3.20 moles) of acetic
anhydride, and 100 ml. (1.24 mole) of anhydrous pyridine
(distilled over barium oxide) was allowed to stand for 20
min. with occasional stirring. 11 dissolved rapidly and the
temperature rose to 50°. The wine-red solution was stirred
vigorously with a mixture of 1 kg. of crushed ice and 1 kg. of
ice water for 30 min. The resulting mustard-yellow precipi-
tate of 111 was collected on a filter, washed successively with
cold water, cold 95% ethanol, and dried in vacuo over con-
centrated sulfuric acid and potassium hydroxide; 82.9 g.
(92% vyield), m.p. 175-182° (in bath at 160°). This material
is suitable for preparation of indolepyruvic acid. A 32.0 g.
portion was recrystallized from 2400 ml. of boiling benzene
with charcoal treatment; brown floccules amounting to 8-
10% of crude Il thus were removed. 111 was recovered
after 2 days at 5° and dried in vacuo%® 19.4 g. (56% vyield),
m.p. 195-197° (in bath at 190°). A second crop of 4.6 g.
(13% vyield), m.p. 181-190°, was obtained from the filtrate.
A sample of the first crop was recrystallized 3 times from
benzene (once with charcoal treatment) to give brilliant
yellow needles, m.p. 200-201°.

Anal. Calcd. for CIHIN202: C, 69.02; H, 4.46; N, 12.39.
Found: C, 68.88; H, 4.46; N, 12.30.

In the optimal procedure, 3 moles of pyridine and 8 moles
of acetic anhydride per mole of I1 react for 20 min. No effect
was observed with larger proportions of pyridine or acetic
anhydride. The yield of crude 111 decreased to 85% with 2
moles and to 60% with 1.5 moles of pyridine. The proportion
of acetic anhydride was less critical; 5 moles still gave an
82% crude yield. With a 10 min. reaction period, the crude
yield decreased to 83%. With reaction periods up to 24 hr.,
the crude yield wns fairly constant; the m.p. of crude 111
decreased gradually, however, and its solubility in benzene
increased; the recovery of purified 111 from benzene and
its m.p. also declined progressively. Formation of an increas-
ing proportion of the more soluble 1'-acetyl oxazolone (next
section) may have been partly responsible for these changes.

2-Methyl--acetyl-3'-indolal)-5-oxazolone. A mixture of
5.86 g. (6.05 mole) of acetylglycine, 7.26 g. (0.05 mole) of
3-formylindole,5 4.10 g. (0.05 mole) of anhydrous sodium
acetate, and 20 ml. (0.2 mole) of acetic anhydride was heated
at 100° for 7 hr. The solution was cooled to room tempera-
ture and stirred rapidly with 50 ml. of cold water and 50 g.
of ice for 30 min. The resulting brown gummy precipitate
was collected on a filter, washed with cold water and several
portions of cold ethanol, ond dried in vacuo over phosphorus

(52)
adding cyclohexane, but the m.p. of Il was then lower.

* (53) Melting points are corrected and were taken in
open capillary tubes.

(54) When 11 was recrystallized from boiling water, 4
an odor of indole was apparent, Il acquired a violet color
which was not removed by recrystallization from other
solvents, and its m.p. was not improved. Crystalline Il is
slightly photosensitive.

(55) Analyses were performed by the Weiler and Strauss
Microanalytical Laboratory, Oxford, England.

(56) Several days were required for removal of benzene
at 10 mm. and 25°; the air-dried weight, 25.9 g., corre-
sponded to one mole of benzene of crystallization.

(57) G. F. Smith, J. Chem, Soc., 3842 (1954).

5-3-indolyl compounds

More rapid crystallization could be promoted by
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pentoxide and potassium hydroxide; 9.15 g., m.p. 112-175°.
This material was recrystallized from benzene with charcoal
treatment; 3.00 g (23% vyield), m.p. 196-199°. After 2
more recrystallizations from benzene, 1.97 g. of bright yellow
needles was obtained, m.p. 204-205° (in bath at 190°);
mixed with oxazolone I11 (m.p. 200-201°), m.p. 164-189°.

Anal. Calcd. for CIHIND 3 C, 67.16; H, 451; N, 10.44.
Found: C, 67.24; H, 4.53; N, 10.00.

This oxazolone was converted to indolepyruvic acid in the
same manner as oxazolone 111 (next section).

fi-(3-Indolyl)pyruvic acid (I). A suspension of 22.62 g.
(0.10 mole) of oxazolone 111, m.p. 195-197°, in 300 ml. of
ION sodium hydroxide was refluxed for 4 hr. under a stream
of nitrogen. The sodium salt of A-acetyldehydrotryptophan
precipitated at first, but redissolved quickly. The orange
solution was cooled to 5°; 1200 g. of crushed ice and 500 ml.
of peroxide-free ether then were added. The mixture was
stirred vigorously and acidified to pH 1.7 as rapidly as
possible with 6.V sulfuric acid at a temperature not exceed-
ing 10°. The aqueous phase, which contained sodium sulfate
crystals, was separated and extracted with 3 more 500-ml.
portions of ether. The combined ether extracts were dried
over anhydrous sodium sulfate, treated with charcoal, and
concentrated at a reduced pressure under nitrogen until
crystallization started (about 100 ml.); 500 ml. of benzene
then was added and the solution was concentrated to dry-
ness at <40°. Addition of benzene markedly curtailed dark-
ening of the residue in the final stage of concentration.
The residue was dissolved in 90 ml. of hot acetone and 90 ml.
of glacial acetic acid was added. Following refrigeration,
brownish-yellow crystals of I-acetic acid solvate were
recovered; 16.20 g., dec. 217° (in bath at 215° 3° per
minute).8 A further 2.52 g., dec. 216°, was recovered from
the mother liquor. The combined crude crops were recrystal-
lized from acetone-acetic acid (1:1) with charcoal treat-
ment to give light yellow clustered blades;® 15.76 g., dec.
219°, and 1.86 g., dec. 218° (67% total yield). The yield
decreased to 61% when the hydrolysis time was increased
to 6 hr. When crude oxazolone 111, m.p. 175-182°, was hy-
drolyzed for 4 hr., the yield was 53%.

Anal. Calcd. for CnHNO03.CH4 2 C, 59.31; H, 4.98;
N, 5.32. Found: C, 59.15; H, 4.66; N, 5.21.

The solvate was recrystallized from acetone-benzene (1:3)
to give free 1 (94% recovery, 2 crops) as pale yellow hex-
agonal plates, dec. 219°.@Free | also may be obtained by
drying the solvate over potassium hydroxide in vacuo.2

Anal. Calcd. for CUHINO03 C, 65.05; H, 4.47; N, 6.89.
Found: C, 64.85; H, 4.20; N, 6.67.

The dioxane solvate was obtained as a colorless powder,
dec. 219°, when | was recrystallized from dioxane-benzene
(1:5). Dioxane wms removed from the solvate by drying at
100° and 0.1 mm. for 24 hr., or by recrystallization from
acetone-benzene (1:3).

Anal. Calcd. for
Found: CH® 2 18.1.

Stability of (}-(3-indolyl)pyruvic acid (1) in sodium bicar-
bonate solution. A solution of 2.03 g. (0.01 mole) of I in 140
ml. of IN sodium bicarbonate solution was allowed to stand

2CN1INO03CHO2 C4Hg02 17.8.

(58) Values reported in the literature range from 193°
to 214°. Despite a recent contrary statement,11 the decom-
position point is readily reproducible and is a reliable cri-
terion of purity under controlled heating conditions. The
acetic acid and dioxane solvates decompose at the same tem-
perature as free I, after initial decrepitation.

(59) Four more recrystallizations alternately from
acetone-benzene and acetone-acetic acid yielded a colorless
solvate, dec. 219°.

(60) Free I retained a pale yellow color even when a color-
less solvate was recrystallized from acetone alone; the
recovery in one crop was 20% or less unless benzene was
added. A colorless free acid has been reported to result from
repeated crystallization from acetone.1l
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at room temperature for 24 hr. with occasional shaking. The
initially colorless solution darkened rapidly. The solution
was extracted with four 150-ml. portions of ether; the com-
bined ether extracts were dried over anhydrous sodium
sulfate and concentrated at a reduced pressure to 0.05 g. of
light brown solid in which only 3-formylindole was detected
by paper chromatography.6l The aqueous phase, after addi-
tion of 300 ml. of ether, was acidified with 6N sulfuric acid
to pH 1.8 with stirring at 5°. The aqueous phase was sepa-
rated and extracted with 2 more 150-ml. portions of ether.
The combined pH 1.8 ether extracts were dried over anhy-
drous sodium sulfate and concentrated to dryness at a re-
duced pressure under nitrogen. The residue was crystallized
from acetone-acetic acid (1:1) to give 1.27 g. (48% recovery)
of I-acetic acid solvate in 4 crops, dec. 216-218°. The final
mother liquor was concentrated to 0.90 g. of dark brown oily
residue which was estimated by paper chromatographyél
to contain about 0.10 g. of I, 0.40 g. of indoleacetic acid,
0.02 g. of 3-formylindole, and other unidentified products.

f)-(3-Indolyl)-a-oximinopropionic acid (IV). The pro-
cedure described in the preceding section was used with 3.47
g (0.05 mole) of hydroxylamine hydrochloride added to the
sodium bicarbonate solution before 1. The neutral ether
extracts were discarded. The residue from the pH 1.8 ether
extracts was crystallized from anhydrous ether-petroleum
ether (b.p. 30-60°) (1:3) to give 1.92 g. (88% yield) of IV
as faintly yellow clustered blades, dec. 156° (in bath at 150°,
3° per min.). IV was recrystallized (88% recovery) from
ethyl acetate-benzene (1:4) with charcoal treatment, dec.
158° (lit. dec. >175°,2 155°2).

f}-(3-Indolyl)lactic acid (V). A. Sodium amalgam reduction.
To a solution of 4.37 g. (0.021 mole) of I in 45 ml. of IV
sodium hydroxide was added 100 g. (0.13 g.-at.l of freshly-
pulverized 3% sodium amalgam® in 10 equal portions at
5-min. intervals with high speed stirring. The mixture was
stirred for 1 hr. more. The aqueous layer was separated,
decolorized with charcoal, and extracted with ether to elimi-
nate neutral impurities. The aqueous phase was treated with
100 ml. of ether and acidified with 6V hydrochloric acid to
pH 1.6 with stirring at 5°. The aqueous phase was separated
and extracted with 3 more 100-ml. portions of ether. The
combined pH 1.6 ether extracts were dried over anhydrous
sodium sulfate, treated with charcoal, and concentrated at a
reduced pressure to dryness. The residue was dissolved in
240 ml. of hot 1,2-dichloroethane and the solution was
treated with charcoal to remove tar. The filtrate was con-
centrated at a reduced pressure to 100 ml.; a small amount
of purplish gum was separated by decantation. Following
refrigeration, 2.06 g of mauve-tinted powder was re-
covered, m.p. 140-144°. The crude V was recrystallized
from 1,2-dichloroethane with charcoal treatment to give
1.66 g. (38% vyield) of cream-colored powder, m.p. 144—445°
(slow dec.) (lit.um.p. 146-147°). Further material obtained
from the mother liquors melted at a lower temperature over
a wide range.

B. Catalytic Hydrogenation. To a solution of 10.53 g.
(0.04 mole) of l-acetic acid solvate in 200 ml. of 95%
ethanol was added 2.0 g. of palladium oxide. The mixture
was hydrogenated at 50 Ibs. pressure for 6 hr.; the uptake
of hydrogen was not appreciable after 4 hr.@ The catalyst
was removed by filtration and the yellow filtrate, which
darkened upon exposure to air, was concentrated to dryness

(61) The decomposition and paper chromatography of |
under various conditions will be described in a future
publication.

(62) L. F. Fieser, Experiments in Organic Chemistry, 2nd
ed., D. C. Heath and Co., New York, 1941, p. 418.

(63) Introduction of more catalyst at this point might
have been helpful, since reduction was incomplete in 6
hours. Hydrogenation was slower in dioxane-95% ethanol
(1:1), and did not occur at a measurable rate in dioxsne,
etﬂyl Iacetate, ethyl acetate-ethanol (4:1), or absolute
ethanol.
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at a reduced pressure. The residue was dissolved in 100 ml.
of boiling ethyl acetate. The solution was filtered to remove
0.4 g. of brown amorphous powder, dec. 85-87°, and was
treated with charcoal; the filtrate was concentrated to
dryness. The residue was crystallized from ethyl acetate;
458 g. of V, m.p. 144-145° (dec.). The filtrate6 was con-
centrated to dryness and the residue was crystallized from
acetone-acetic acid (1:1); 0.52 g. of l-acetic acid solvate,
dec. 217°. The filtrate was concentrated to dryness; the
residue was concentrated to dryness again with benzene and
with ethyl acetate, and then crystallized from ethyl acetate;
I. 17 g. of V, m.p. 144r-145° (dec.). The total yield of V was
74%, with allowance made for recovered |. The combined
crops of V were recrystallized from ethyl acetate with char-
coal treatment to give colorless crystals; 3.80 g., m.p. 146-
147° (no dec.), and 0.98 g., m.p. 144-145° (dec.), (lit. 2L m.p.
146-147°).

p-(3-Indolyl)acrylic acid (V). A solution of 14.52 g. (0.10
mole) of 3-formylindoleand 31.22 g. (0.30 mole) of malonic
acid in a mixture of 160 ml. of pyridine (distilled over
barium oxide) and 2.0 ml. of piperidine was maintained at
40° for 45 hr. The solution was concentrated at a reduced
pressure and at <45° to an orange oil (68 g.). The oil was
diluted with 250 ml. of water and the pH was adjusted to
1. 0 with 2V sodium hydroxide. The solution was extracted
with four 200-ml. portions of ethyl acetate to remove bases
and neutral impurities. The aqueous phase was treated with
charcoal, and the filtrate was acidified to pH 1.8 by dropwise
addition of 6V hydrochloric acid with stirring at 5°. The
resulting yellowl precipitate was washed well with cold
water and dried in vacuo over phosphorus pentoxide and
potassium hydroxide; 14.68 g., dec. 173° (in bath at 170°,
3° per minute). The crude VI, which contained about 15%
of 3-indolalmalonic acid (VI1),6was extracted successively
with 2500 and then 500 ml. of boiling anhydrous ether;
159 g. of Vn, VI content 3%, remained undissolved as a
greenish-yellow powder, dec. 178°. The combined ether ex-
tracts were concentrated at a reduced pressure to dryness.
The residue was dissolved in 700 ml. of boiling ethyl acetate;
the solution was treated with charcoal and the filtrate was
concentrated at a reduced pressure to 175 ml. Following
refrigeration, 9.33 g. (50% yield) of VI was obtained, VII
content 0.1%, dec. 184° (in bath at 170°, 3° per minute),
dec. 193° (in bath at 190°, 3° per minute). A sample re-
crystallized from ethyl acetate-cyclohexane (1:2) with
charcoal treatment gave pale yellow clustered blades, VIl
content <0.02%, dec. 195° (in bath at 190°, 3° per minute)
(lit. B dec. 192-3°).

Anal. Calcd. for CIHINO2 C, 70.59; H, 4.85; N, 7.48.
Found: C, 70.62; H, 4.87; N, 7.45.

The crude VII (1.59 g.) from the ether extraction was
recrystallized twice from hot methanol with charcoal
treatment; in each case, the filtrate was concentrated at a
reduced pressure until crystallization commenced. VII
(0.66 g.) was obtained as intense yellow needles, VI content
<0.02%, dec. 209° (in bath at 205°, 3° per minute) (lit.B
dec. 208-209°)

(64) No further crystallization of V was induced by
partial concentration. The filtrate, which was analyzed by
paper chromatography, contained about 1.8 g. of V, 0.3 g.
of indoleacetic acid, and 0.6 g. of | in 2.7 g. of total solutes.

(65) An appropriate series of aliquots of a tetrahydro-
furan solution was chromatographed for 2 hr. on Whatman
No. 1 paper with benzene-propionic acid-water (100:70:5)
as the solvent together with authentic compounds (0.5-2.5 7
in 0.5 7 increments). The sheets were dried in air and sprayed
with Ehrlich’s p-dimethylaminobenzaldehyde reagent.9 The
composition of a crop was determined by visual comparison
of the spots produced: 0.1 7 of VI or VII was readily detect-
able. The R/s and the initial and final colors were as fol-
lows: VT, 0.73, light green —mturquoise; VI, 0.14, yellow —
turquoise.
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Anal. Calcd. for CIHINO4: C, 62.34; H, 3.92; N, 6.06.
Found: C, 62.46; H, 4.08; N, 5.96.

A suspension of 250 mg. of pure VI in 50 ml. of water
was boiled gently while water (350 ml.) was added portion-
wise until the crystals just disappeared. The total heating
time was 10 min. A white turbid mixture resulted and true
solution was not observed. Following refrigeration, 147 mg.
of pink powder was recovered, m.p. 93-134° (dec.); the VI
content of this material was only 15%.

3-Indolylglyoxylyl chloride (I1X). To a stirred solution of
29.3 g. (0.25 mole) of indole in 500 ml. of anhydrous ether
at 0-5°, 25.0 ml. (0.29 mole) of oxalyl chloride was added
dropwuse during 30 min.; stirring and cooling were continued
for 1 hr. more. The resulting yellow crystals of 1X were
collected on a filter, washed with anhydrous ether, and
dried in vacuo over potassium hydroxide; 48.1 g. (92%
yield), dec. 134° (in bath at 130°, 3° per minute). A sample
was recrystallized from benzene, dec. 135° (lit.B dec. 135-
136°); this material darkened to a copper color during
storage at 5° for 3 years, dec. 131°.

3-Indolylglyoxylic acid (V111). A suspension of X in ether,
prepared in the manner described above, was stirred at O-
5° and IN potassium hydroxide (about 1000 ml.) was added
slowly until the pH of the aqueous phase was 12. The fluores-
cent ether layer was separated and the aqueous phase was
extracted with 3 more portions of ether to remove neutral
impurities. The aqueous phase was treated with charcoal
and 700 ml. of ethyl acetate was added to the filtrate; the
mixture was stirred at 0-5° and acidified to pH 1.6 with 6N
hydrochloric acid.® The ethyl acetate phase was separated
and the aqueous phase was extracted twice more with ethyl
acetate. The ethyl acetate extracts were dried over anhy-
drous sodium sulfate, treated with charcoal, and concen-
trated to dryness at a reduced pressure. The residue was dis-
solved in 250 ml. of boiling 95% ethanol and 1250 ml. of hot
water was added. Following refrigeration, yellow' crystals of
V111 were recovered (a reddish-brown film suggested slight
decomposition); 41.3 g. (87% yield from indole), dec. 218°
(in bath at 215°, 3° per minute) (lit.8&dec. 216°). Recrystal-
lization from acetone-benzene (1:4) with charcoal treat-
ment. gave brilliant yellow' dendrites (90-95% recovery),
dec. 218°.

VIl
described above for conversion of iiidolepyruvic acid (1)
to its oxime (1V); 158 g. (84%) of VIII Was recovered
unchanged, dec. 217°, and no glyoxylic oxime (XII) was
obtained.

Methyl 3-indolylglyoxylate. A mixture of 23.75 g. (0.114
mole) of crude 1X, 10 ml. of pyridine and 1600 ml. of meth-
anol was boiled gently until 1X had dissolved. Following
refrigeration, 21.70 g. (94% yield) of ester was obtained in
two crops, m.p. 228-230° ( no sintering), (lit.8 m.p. 224°,
with sintering at 210°). The crude ester was recrystallized
from methanol with charcoal treatment and was recovered
(88%) as pale yellow needles, m.p. 230-231°.

8-Indolylglyoxylamide. Crude 1X (3.47 g., 0.0167 mole)
was added slowly with stirring to 170 ml. of IAr ammonium
hydroxide. After stirring for 30 min. more at 5°, the amide
was recovered as a light brown pow'der; 2.89 g. (92% yield),
m.p. 253-256° (dec.) (in bath at 250°, 3° per minute).
Recrystallization from acetone-cyclohexane (1:1) with char-
coal treatment, then absolute ethanol, gave 1.98 g. of color-
less needles, m.p. 257-258° (dec.) [lit.33 “slightly impure,”
m.p. 252° (dec.)].

Anal. Calcd. for CHaN202 C, 63.82; H, 4.29; N, 14.9.
Found: C, 63.66; H, 4.39; N, 14.7.

Sodium 8-indolylglycolate (Na-X). A. Catalytic hydrogena-
tion. A suspension of 9.46 g. (0.05 mole) of crude VIII in 50
ml. of water was titrated to pH 7.5-8.0 wdth 2N carbonate-

(66)
hot; rapid decomposition ensued and no indoleglyoxylic acid
was recovered.
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free sodium hydroxide; a small amount of insoluble mate-
rial was removed by charcoal treatment. The filtrate and
washings were treated with 1.0 g. of palladium oxide and
hydrogenated at 50 Ibs. pressure for 10 hi-.; uptake of hydro-
gen was complete in 8 hr. The catalyst was removed by
filtration and the filtrate was concentrated to dryness at a
reduced pressure. The residue was concentrated to dryness
again with absolute ethanol to remove water. The residue
was simmered with 100 ml. of absolute ethanol, filtered,
washed well wdth hot ethanol, then ether, and dried in
vacuo. Na-X was obtained as a white powder; 9.32 g., dec.
306° (bath temperature 300°, 3° per minute). A solution
of crude Na-X in 450 ml. of boiling methanol was treated
mith charcoal; an equal volume of ether was added to the
filtrate. Following refrigeration, 8.91 g. (85% yield) was
recovered in 2 crops. The salt was recrystallized again from
methanol-ether, dec. 306°.

Anal. Calcd. for CioHaNONa: C, 56.33; H, 3.78; N, 6.57;
Na, 10.79. Found: C, 55.68; H, 4.10; N, 6.50; Na, 10.73.

The purity of Na-X was established by paper chro-
matography.67 An unidentified by-product, which consti-
tuted about 10% of the residue from hydrogenation, 3%
of the crude salt, and < 1% after the first recrystallization,
was not detectable after the second recrystallization. Similar
proportions of this by-product were obtained when a hydro-
genation was conducted over 4.0 g. of 5% palladium on
charcoal (20 hr,); in this case, however, the yield of crude
Na-X decreased to 70%, and 10% of the starting material
was converted to indoleacetic acid.

B. Sodium amalgam reduction. A solution of 3.78 g. (0.02
mole) of crude VIII in 40 ml. of 0.5V sodium hydroxide was
reduced with 61.3 g. (0.08 g.-at.) of 3% sodium amalgame
in the manner described above for preparation of indole-
lactic acid. The mixture was stirred for 90 min. more. The
aqueous layer was separated, extracted with ether to remove
neutral impurities, and treated with charcoal. The filtrate
was mixed with 100 ml. of ether and acidified with 6N
hydrochloric acid to pH 1.6 with stirring at 5°. The aqueous
phase was separated and extracted with 3 more 100-ml.
portions of ether. The combined pH 1.6 ether extracts were
dried over anhydrous sodium sulfate, and treated with
charcoal. The ether filtrate was colorless, but formed a

(1.89 g., 0.01 mole) Was subjected to the procedurereddish-violet residue if allowed to evaporate. The ether

filtrate was mixed with 50 ml. of water, and 2N sodium
hydroxide was added with stirring until the pH of the
aqueous phase was 7.5-8.0. The aqueous phase was sepa-
rated and treated in the manner described for the hydro-
genation filtrate in the preceding section to give 2.88 g.
(68% yield) of crude Na-X, dec. 306°. Chromatographically
pure Na-X was obtained by a single recrystallization from
methanol-ether (1:1).

C. Decomposition of 3-indolylglycolic acid (X).8 A solution
of 1.06 g. (0.005 mole) of Na-X in 50 ml. of methanol was
shaken for 5 min. with 20 ml. of Dowex 50-X16 resin
(hydrogen cycle, 2.6 m. eqg./ml.) which had been washed
well with water, boiling ethanol, and boiling methanol. The
resin was removed by filtration, and the colorless filtrate
was concentrated to dryness at a reduced pressure. The
reddish-purple residue was shaken with 100 ml. of anhydrous
ether to give an almost colorless solution; part of the residue
remained undissolved. The mixture was treated with char-
coal and filtered; 100 ml. of petroleum ether (b.p. 30-60°)
was added to the filtrate to give an initially colorless floc-
culent precipitate which darkened rapidly. The mixture was

(67) See (65): samples dissolved in methanol were chro-
matographed for 15 hours with isopropyl alcohol-aqueous
ammonia-water (8:1:1) as the solvent. Colors developed
by spraying with Ehrlich’s reagentd and R/ values were
Na-X, rose, 0.39; indoleacetic acid, blue-purple, 0.47;
by-product, yellow, 0.43; VIII, no color with spray, dark

In one run, the aqueous phase was acidified whileblue under ultraviolet light, 0.48.

(68) A nitrogen atmosphere was used in this procedure
until solid X had been isolated.
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allowed to stand for 10 min.; 0.38 g. of rose-colored powder
was recovered, dec. 203° (in bath at 200°, 3° per minute).
Carbon dioxide was evolved when a sample was dissolved
in LV sodium bicarbonate; the bicarbonate solution was
examined by paper chromatography.67 The powder con-
tained < 10% indoleglycolic acid and at least four unidenti-
fied decomposition products.

3-Cyanoindole (X111). A. From VIII. A mixture of 18.92
g. (0.10 mole) of crude V111, 13.90 g. (0.20 mole) of hydroxyl-
amine hydrochloride, 80 ml. (1.0 mole) of pyridine (dis-
tilled over barium oxide) and 80 ml. of absolute ethanol
was refluxed for 4 hr. The solvents were removed at a re-
duced pressure; the residue was concentrated to dryness
with three successive portions of absolute ethanol and then
shaken with 100 ml. of water for several minutes until
crystallization was complete. Following refrigeration, 11.64
g. (82% yield) of yellow-brown powder was obtained, m.p.
179-181°. Crude X111 was recrystallized from 50% aqueous
ethanol with charcoal treatment and was recovered (91%)
as light yellow clustered blades, m.p. 181-182°, unchanged
by further recrystallization from benzene-methanol (12:1)
(lit.37 m.p. 178-180.5°).

Anal. Caled, for CuHcN»: C, 76.04; H, 4.25; N, 19.7.
Found: C, 75.80; H, 4.28; N, 20.0.

B. From 3-formylindéle. 3-Formylindolei7 (14.52 g., 0.10
mole) was subjected to the procedure described in the pre-
ceding section, with refluxing for 2 instead of 4 hr. Crude
3-indolylaldoxime (XIV) was obtained as peach-colored
crystals; 15.87 g. (99% yield), m.p. 193-195° (dec.) (in
bath at 190°, 3° per minute). A sample was recrystallizcd
twice from ethanol-water (1:3) with chareoal treatment,
and then from ethyl acetate, m.p. 201-202° (dec.) (lit.®
m.p. 197-198°). Crude XIV was dehydrated with thionyl
chloride® to give dark brown flakes of X111 (83% vyield),
m.p. 179-181°, unchanged by recrvstallization from 50%
aqueous ethanol. A sample (2.60 g.) of XIII suspended in
50 ml. of 50% aqueous ethanol at room temperature was
dissolved by adding 30 ml. of 0.5N sodium hydroxide in
50% aqueous ethanol. The solution was decolorized by
treatment with charcoal and the filtrate was adjusted to
pH 6.5 with 6N hydrochloric acid. Following refrigeration,
2.20 g. (85% recovery) of colorless dendritic blades was
obtained m.p. 182°, not depressed by admixture with
X111 prepared from VIII.

3-Indolylcarboxylic acid (XV). A suspension of 7.11 g.
(0.05 mole) of crude X111 in 75 ml. of 103V sodium hydroxide
was refluxed under a stream of nitrogen for 7 hr. Crystals

(69) N. Putochin, Ber., 59, 1987 (1926).

SHAW, McMILLAN, GUDMONDSON, AND ARMSTRONG

yol. 23

of indole (0.30 g., m.p. 50-51°) collected in the condenser;
evolution of ammonia diminished in the last hour. The
orange hydrolyzate was cooled to 5°, diluted with 300 g. of
crushed ice, and acidified to pH 7.5 with 12V hydrochloric
acid with stirring and continued cooling. The solution tvas
extracted with 3 portions of ethyl acetate to remove neutral
impurities; the aqueous phase then was filtered to eliminate
gelatinous silica. The filtrate was stirred at 5° and acidified
to pH 2.0 with 2N hydrochloric acid. The resulting XV was
collected after refrigeration; 7.31 g. (91% yield), dec. 247°
(in bath at 240°, 3° per minute), dec. 240° (in bath at 220°,
3° per minute) (lit.2dec. 220-224°); colorless needles after
recrystallization from acetone-benzene (1:4) with charcoal
treatment, dec. 247°.

Anal. Calcd. for CHMNO02 C, 67.06; H, 4.38; N, 8.69.
Found: C, 67.01; H, 4.38; N, 8.77.

3-Indolylacetamide (XV1). To a stirred solution of 4.38 g.
(0.025 mole) of indoleacetic acid in 100 ml. of anhydrous
ether at -10°, 5.73 g. (0.0275 mole) of phosphorus penta-
chloride was added in small portions during 20 min.; stir-
ring was continued for 10 min. more. The solution was con-
centrated to 40 ml. at a reduced pressure, treated with 400
ml. of cold petroleum ether (b.p. 30-60°) and filtered quickly
to remove a small amount of dark red amorphous precipitate.
Pale pink plates were collected after 4 hours at 5°; 1.55 g.,
m.p. 67-68° (dec.) (lit.4 m.p. 68°). The filtrate was con-
centrated to 100 ml. at a reduced pressure to give 2.46 g. of
cream-colored plates, m.p. 65-66° (dec.). Each crop was
dried briefly in vacuo over phosphorus pentoxide and potas-
sium hydroxide to remove phosphorus oxychloride; the total
yield of indoleacetyl chloride was 83%.

A brisk current of dry ammonia was passed through a
solution of the 2 crops of acid chloride in 100 ml. of anhydrous
tetrahydrofuran (distilled over lithium aluminum hydride)
at 5° for 30 min. 0 The mixture was filtered after 30 min.
more to remove ammonium chloride. The filtrate was con-
centrated to dryness at a reduced pressure. The residue w-as
crystallized from ethyl acetate-cyclohexane (1:1) with char-
coal treatment; 3.10 g. (86% vyield from the acid chloride,
71% from indoleacetic acid) m.p. 153-154°. Colorless blunt
needles of XVI were obtained by recrystallization from
ethyl acetate, m.p. 154° (lit.8m.p. 153°).

Salt Lake City 12. Utah

(70)  Up to this point, equipment was thoroughly dried,
and exposure to atmospheric moisture was kept to a mini-
mum.
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Saponification of ll-ethoxycarbonyl-10-o0xo-1,2,3,5,6,7-hexahydroquinolizo[l,8-a,6]quinolizine (la) yielded an acid Ib,
m.p. 270-272°, which on heating with quinoline and copper sulfate formed octadehydromatrine (I1). Catalytic hydrogena-
tion of Il over platinum oxide yielded didehydromat.rine (111) which was converted to rac-allomatridine (IV) bj- high-pres-

sure hydrogenation with copper chromite catalyst.

From the conformational analyses of the allomatrine series and its isomeric matrine series, the structure of allomatrine
(Va), allomatridine (Vb), matrine (Via), and matridine (VIb) were assigned.

Saponification of ll-ethoxycarbony]-10-oxo-1,2,-
3,5,6,7-hexahydroquinolizo [l,8-a,fc]quinolizine3 af-
forded a carboxylic acid (Ib), m.p. 270-272°, and
its decarboxylation by heating in quinoline with
copper sulfate gave 10-oxo-1,2,3,5,6,7-hexahydro-
quinolizo[l,8-a,6]quinolizine (I1), m.p. 174-176°;
Are’HnM (log e): 230 (4.36), 270 (4.05), 395 (4.22);
v quinolizone 1647 and 1518 cm.“1 (KBr pellet).
This was identified with octadehydromatrine,4
obtained by the dehydrogenation of matrine with
palladium, by mixed melting point and by com-
parison of their ultraviolet and infrared spectra.

Hydrogenation of Il in acetic acid with platinum
oxide catalyst afforded didehvdromatrine,45whose
ultraviolet spectrum exhibited absorption maxima
at 226 mji (log e4.32) and 274 mii (log e4.18), and
its hydrochloride showed maxima at 230 mu (log
e4.14) and 296 mu (log e 4.24). These absorption
curves were similar to those6 of dehydro-a-matri-
nidine (8-methyl-9-azajulolidine) and its hydro-
chloride, so that this hydrogenated product prob-
ably has a structure similar to those compounds,
i.e. 8-alkyl-9-azajulolidine. The infrared spectrum
of didehvdromatrine had an absorption band at
3145 cm.” 1 besides those for the pyridine ring at
1592, 1558, and 1506 cm.“1 (in Nujol). Since its
benzoyl compound (as a hydrochloride) shows in-
frared absorption bands for ester C=0 (1722 cm.* )
and for C-O- (1281 and 1120 cm.” ) (KBr pellet),
the band at 3145 cm.“1is the absorption of OH.
Therefore, it seems most appropriate to assume
that didehvdromatrine is 1-ce-hydroxybutyl-4,5,6,-
8,9,10-hexahydropyrido [3,4,5-fjjquinolizine (&>
hydroxybutyl-9-azajulolidine) (111) and this struc-
ture was conclusively determined bj7the formation

(1) A brief report, on this work appeared as a Communica-
tion to the Editor, Pharm. Bull. {Tokyo), S, 285 (1957).

(2) Present address: Takamine Research Laboratory,
Sankyo Co., Ltd., Shinagawa, Tokyo.

(3 K. Tsuda, S. Saeki, S. Imura, S. Okuda, Y. Sato, and
H. Mishima, J. Org. Chem., 21, 1481 (1956).

4 R. H. F. Manske and H. L. Holmes, The Alkaloids,
Vol. 111, Academic Press Inc., New York, 1953, p. 178.

(5) H. Kondo and K. Tsuda, Ber., 68, 644 (1935).

(6) S. Okuda, Pharm. Bull. (Tokyo), 4, 257 (1950).

of rac-allomatridine (IV) from 11l by the hydro-
genation of the pyridine ring.

Therefore, this reaction effected reductive split-
ting of the =N-CO- bond in the quinolizone ac-
companied by aromatization to the pyridine ring,
resulting in rearrangement to a 9-azajulolidine
system. It is known that the 9-azajulolidine system
is stable and is easily formed since it is obtained in
good yield by the palladium dehydrogenation of
9-azahexahydrojulolidine;s furthermore the main
reaction product from the palladium dehydrogena-
tion of matrine is 8-propyl-9-azajulolidine,5and the
soda-lime distillation of matrine affords a compara-
tively large amount of 9-azajulolidine, 8-methyl-9-
azajulolidine, and 8-ethyl-9-azajulolidine.47

High-temperature and high-pressure hydrogena-
tion of 111 with copper chromite catalyst resulted
in the hydrogenation of the pyridine ring, with sub-
sequent dehydration between the secondary amine
in the piperidine ring and the primary alcohol
group, affording perhydroquinolizo[l,8-a,5]quino-
lizine (IV) in a good yield. 1V melts at 53-55° and
agrees well with rac-allomatridine.8 Through the
hydrogenation of Il with copper chromite catalyst
below 170° gave 11l but IV was produced directly

(7) E. Ochiai and S. Okuda, Pharm. Bull. (Tokyo), 1,
266 (1953); Chem. Abstr., 49, 8316 (1955).

(8) C. Schopf, H. Arm, G. Benz, and H. Krim, Natur-
wissenschaften, 38, 186 (1951); T. F. Platonov and A. I).
Kuzovkov, Zhur. Obshchci Khim., 26, 283 (1956).
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from 11 when the reaction temperature was above
200°.

In the ring system of matridine, there are eight
geometrical isomers, two of which are matridine
and allomatridine. There is some evidence useful in
the conformational analysis of allomatrine and
matrine. Matridine and allomatridine are respec-
tively formed from matrine and allomatrine by re-
duction with lithium aluminum hydride9 through
the conversion of lactam carbonyl ir_the starting
materials to methylene groups. It is clear that the
alio series is more stable because matrine is isorn-
erized to allomatrine on catalytic hydrogenation
with platinum oxide9 and forms allomatridine by
high-temperature hydrogenation with copper chro-
mite catalyst.D

In the present series of experiments, on the pal-
ladium dehydrogenation of matrine mid matridine
at 280°, we obtained allomatrinell and allomatri-
dine. Isomerization of matridine with aluminum
trichloride2 at 220° afforded allomatridine. These
reactions are analogous to those reported before in
the conversion of sparteinel? to a-isosparteine
(AIC13 and in the conversion of sparteinel3 and
anagyrine¥ respectively to a-isosparteine and
thermopsine(Pd). Przbylska and BarnesH have
definitely determined the conformation of a-iso-
sparteine to have the all trans chair form by x-ray
crystal analysis. Therefore, wc can conceive that
the alio series takes the most stable conformation
i.c. all four ring-junctures with the chair formD
are trans.

Measurement of palladium-dehydrogenation ve-
locityI7at 280° indicated that the evolution of hy-
drogenation in allomatrine was 27% of that of
matrine 5 min. later, and that of allomatridine was
68% of that of matridine 5 min. later, showdng that
the dehydrogenation velocity of matridine series
was always faster than that of alio series. This proves
that the matridine series contahis a larger number of

(9) E. Ochiai, is. Okuda, and H. Minoto, Yakugaku
Zasshi, 72, 781 (1952); Chem. Abstr., 48, 2724 (1954).

(10) E. Ochiai, J. Haginiwa, and S. Okida, Yakugaku
Zasshi, 71. 1279 (1951); Chem. Abstr., 46, 5604 (1952).

(11) The recovery of matrine reported by H. Kondo and
K. Tsuda (footnote 5) was found to have been incorrect by
later experiments.

(12) F. Galinovsky, P. Knoth, and \Y. Fischer, Mtmalsh.
Chem., 86, 1014 (1955).

(13) N. J. Leonard, P. D. Thomas, and V. W. Gash, J.
Am. Chem Soc., 77, 1552 (1955).

(14) Unpublished data of Tsuda, et at.

(15) M. Przbylska and W. H. Barnes, Acta Crysl., 6,
377 (1953).

(16) From this deduction, in this paper, we use chair
form for all structures.

(17) Data regarding the difference in denydrogeuation
velocity in cis- and Ircros-fused ring systems will be given in
the following paper. Cf. M. Ehrenstein and W. Bunge, Ber.,
67, 1715 (1935); B. Witkop, J. Am. Chem. Soc., 70, 2617
0948); N. J. Leonard and B. T, Ryder, J. Org. Chem., 18,
598 (1953); E. Wenkert and L. H. Lin, Ezperientic, 11,
302 (1955); E. Wenkert and D. K. Roychaudhuri, J. Am.
Chem. Soc., 79, 1519 (1957).
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efs-hydrogens «mid this agrees with the foregoing
observation.

On the other hand, both matrine and allomatrine
suffer cleavage of the lactam ring by the action of
alcoholic potassium hydroxide to form the alkali
salts of matrinic acid48 and allomatrinic acid.9
When the respective alkali solution is refluxed for a
few hours, treated with ammonium chloride to form
the original acid, and then heated, they respectively
return to matrine and allomatrine without isomeri-
zation into the other series during this reaction.
Soda-lime distillation of potassium matrinate af-
fords matrine and its isomer is not obtained.

From the foregoing facts and the results of fol-
lowing experiments, it is concluded that the for-
mula (V) should be assigned to the allomatridine
series and formula (VI) for matridine series.

Matrine (Via) remains inert to heating with
cyanogen bromide in benzene, and the starting
material is recovered,5while allomatrine (V,n) forms
bromoallomatrine-cyiinamide  (IX) , m.p. 167-
168.5°, in good yield under the same conditions.

Matridine (VIb),0 when refluxed for 1 hr. in
methanol with methyl iodide, forms A”-methio-
dided (XI), but allomatridine (Vb) forms ATi,NS$
dimethiodide (X), m.p. 296°, by the same re-
action. Similar phenomena are observed in the re-
action of potassium matrinate (XII1) and potas-
sium allomatrinate (XII) with methyl iodide.
While XI1II forms A”-methylmatrinate A'9metb-
iodide2l (XV), X1l forms V3methylallomatrinate
V4, \Bdimethiodide (XI1V).9 These experimental
facts indicate that the nitrogen atoms at 4 and 9 in
allomatridine series are open to the attack of
reagents while in matridine series, the nitrogen at
9is open to the attack but that « 4 is shielded.

These properties can be explained by assuming
all trans juncture for the ring system (V) in allo-
matridine series, and the formulas (VI and V1) for
matridine series. Of the six formulas (VI, VI,
VI, VIB, VIII, VIII'), the front side of nitrogen
at4in VI, VIF, VIII, and VIII" is shielded by the
B- and C-rings, but the side of lone pair electrons
of nitrogen is open to rear-side attack, while the
lone-pair electron side of nitrogen in formulas VI
and V' is shielded by the C-ring, so that the attack
of chemical reagent on nitrogen at 4 is interfered
with.

(18) H. Kondo and E. Ochiai, Arch. Pharm., 266, 4
(1928).

(19) Matrine is recovered when it is refluxed with methyl
iodide for 5 hr. but matrine methiodide is obtained when a
mixture of matrine and methyl iodide is heated in a glass
tube at 100°.

(20) E. Ochiai and H. Minato, Yakugaku Zasshi, 73,
914 (1953); Chem. Abstr., 48, 11438 (1954).

(21) Although reference to this salt was made earlier
(see footnote 19), there was no proof whether the ammo-
nium-type nitrogen was at 4 or 9. In the present case, it must
be)considered identical with that of matridine (see footnote
20).
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Catalytic conversion of the matrine series to the
alio series can well involve isomerization at both
C-14 and C-16, so we could consider2the existence
of an isomer of VI, VI7with rings C/D cis-fused
and the side chain axial (C-14). This would afford
even greater hindrance to reactions involving
V-4 than does structure VT.

VI

0 (matrine, allomatrine)
H2 (matridine, allomatridine)

a, R
b, R

However, we can assume from the analogous
result in the reaction of methyl iodide toward a
pair of isomers of hexahydrojulolidine (picrates,
m.p. 187° and 226°) that the shielding effect would
be afforded even by the C-ring of VI and that the

(22) We are greatly indebted to the referees of this paper.
They kindly pointed out that we overlooked this isomer at
first.

(23) Unpublished work has revealed the following facts:
hydrogenation of julolidine affords a pair of hexahydro-
julolidines, one of which (picrate, m.p. 187°) reacts with
methyl iodide while another (picrate m.p. 226°), which is
convertible to the former with aluminum chloride, does not.
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greater hindrance due to C/D-cis isomer, VI,
would not be essential for the explanation of the
hindrance. Moreover, the steric hindrance between
the hydrogen atoms at C-2 and C-13 in VI' would
be inadequate to explain the stability of matrine
(or matridine) during the drastic reactions of
matrine series, such as soda-line distillation. Thus
one can eliminate VI' for matrine series leaving
only VI for it.

Support2Bfor formulas V and VI from dipole
moment data will be reported in a separate paper.

EXPERIMENTALZ28

1l-Carboxy-10-oxo-1,2,8,5,6,7-hexahydroquinolizo[l ,8-
a,b]quinolizine (Ib). To a solution of 280 mg. of the ester (la)
dissolved in 20 ml. of 95% ethanol, an aqueous solution of
potassium hydroxide (130 mg. in 2 ml. of water) was added
and the mixture was refluxed for 3 hr. Ethanol was distilled
from the solution, 20 ml. of water was added to the residue,
and the solution was neutralized with hydrochloric acid. A
yellow substance was precipitated at pH 6 to give 200 mg. of
crystals, m.p. 250° (with decomp.); yield, 77%. Several re-
crystallizations from pyridine raised the decomposition point
to 272°.

Anal. Calcd. for CiIHB® N2 C, 67.59; H, 5.67; N, 9.85.
Found: C, 67.72; H, 5.85; N, 10.07.

mM (log f): 230 (4.36), 270 (4.05), 395 (4.22).
v (COOH) 1712 cm-1, v (quinolizone) 1656, 1658, and 1661
cm.-1 (KBr pellet).

10-0xo0-1,2,8,5,6,7-hexahydroquinolizo{l,8-a,b]quinolizine
(11). A solution of 410 mg. of Ib dissolved in 5 ml. of quino-
line, in which 40 mg. of crystalline copper sulfate was sus-
pended, was heated for 2 hr. at 210-240° (bath temp.),
quinoline was distilled off under reduced pressure, and the
residue was dissolved in benzene. The benzene solution was
washed with 10% sodium carbonate solution, dried over
potassium carbonate, and passed through an alumina layer.
Benzene was evaporated from the effluent and 50 mg. of
yellow crystals, m.p. 167-170°, were obtained. Recrystalliza-
tion from acetone raised the melting point to 174-176°, un-
depressed on admixture with the octadehydromatrine ob-
tained by the palladium dehydrogenation of matrine.

Anal. Calcd. for CIHIBON2: C, 74.97; H, 6.71; N, 11.66.
Found: C, 75.02; H, 6.80; N, 11.68.

l-oi-Hydroxybutyl-4,S,6,8,9,10-hexahydropyrido[8,4,5-i,j]-
quinolizine (didehydromatrine) (111). This was prepared from
Il by catalytic hydrogenation with platinum dioxide accord-
ing to procedures described in the literature,6 or by the fol-
lowing method.

A solution of 1 g. of Il dissolved in 10 ml. of dioxane was
mixed with 0.75 g. of copper chromite. The mixture was
heated for 4 hr. at 160-170°, with initial hydrogen pressure of
100 atm. Recrystallization of the product from acetone gave
colorless crystals of m.p. 105-106°.

Anal. Calcd. for CiHZON2 C, 73.13; H, 9.00; N, 11.37.
Found: C, 73.07; H, 8.87; N, 11.72.

(24) After the appearance of our brief report (footnote 1),
Bohlmann, et al. assigned the same structures for matrine
and allomatrine by infrared spectra between 2700-2800
c¢cm.-1 and by some other chemical evidences which differ
from ours. [F. Bohlmann, W. Weise, and D. Rahtz, Angew.
Chem., 69, 642 (1957); cf. F. Bohlmann, W. Weise, H.
Sauder, Ber., 90, 653 (1957) ]

(25) All melting points and boiling points are uncor-
rected. Microanalyses were done by Mr. T. Onoe of the
Takamine Research Laboratory, Sankyo Co., Ltd. Infrared
spectra were measured on a Perkin-Elmer Model 21 double-
beam recording spectrophotometer.
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Perhydroquinolizo [1,8-a,b}quinolizine (1V) {eeac-allomatri-
dine 1V). To a solution of 1.40 g. of I11 dissolved in 16 ml. of
dioxane was added 0.60 g. of copper chromite and the mix-
ture was heated for 3 hr. at 200-210° with an initial hydro-
gen pressure of 120 atm. The base obtained as a product was
recrystallized from petroleum ether, m.p. 53-55°.

Anal. Calcd. for CiHAN2 C, 76.86; H, 11,18; N, 11.95.
Pound; C, 76.92: H, 11.24; N, 12.12.

TSUDA AND MISHIMA

VOL. 23

Anal. Calcd. for CIH2N2HI: C, 50.20; H, 6.42; N, 7.82
Pound: C, 50.44; H, 6.42; N, 8.58.

Ultraviolet absorption: 296 m/i (log €4.22).

The structure of this substance has not been determined
but it is assumed to be of 9-a.zajulolidine system because of
its infrared absorptions at 1639, 1597, and 1548 cmrl
(KBr pellet) indicating the presence of a pyridine ring, the
formation of a monohydriodide, and the character of its

IV was also obtained from Il under the same conditions.ultraviolet absorption curve.

There was observed no depression of the melting poinr on
admixture of IV with d,(-allomatridine,8 m.p. 53-54°, by
Schopf.

Dehydrogenation of matridine with palladium-asbestos. A
mixture of 5 g. of matridine® (VIb), m.p. 60°, and 2 g. of
40% palladium-ashestos was heated at 310-340° for 3 hr.,
during which 1200 ml. of hydrogen was generated. The base
obtained was distilled to collect the fraction of b.p. 98-
130°/1 mm., to which acetone and coned, hydriodic acid was
added. The hydriodide (4.5 g.) so formed was recrystallized
from acetone-methanol to give 3 g. of plates, m.p. over
220°. Further recrystallizations from the same solvent sepa-
rated it into twb kinds of crystals; the sparingly soluble
needles, m.p. 305-310°, and somewhat soluble plates, m.p.
285-290°. Liberation of the base from the high-melting salt
afforded allomatridineZ8(\Vb), m.p. 76-78°, and the lower-
melting salt regenerated the starting matridine.

The mother liquor left after separation of the hydriodides
was concentrated and crystals that separated out were re-
crystallized from acetone to give 200 mg. of colorless pla‘es,
m.p. 194-195°.

(26) Optically active, a® —11.6°.

Isomerization of matridine with aluminum chloride. A mix-
ture of 2.6 g. of matridine® (VIb) and 2.6 g. of aluminum
chloride was kept at 220° for 9 hr. in a nitrogen stream.
This was dissolved in 5% hydrochloric acid, basified, and
extracted with ether. The base obtained on evaporation of
ether was distilled under reduced pressure. The distillate
deposited 0.5 g. of crystals, m.p. 72-74° when petroleum
ether was added. Recrystallization raised the melting point
to 76-78°, identical with allomatridineZ (\V/b).

Dehydrogenation of matrine,a allomatrine,® matridine,5
and allomatridine,Z The apparatus and method followed
those reported by Hyman.® Five hundred milligrams of the
base and 200 mg. of 40% palladium-ashestos were used. The
reaction vessel was immersed in a metal bath of 280°
and the mixture was heated rapidly to 307° + 3° in carbon

(27) Optically active, a® +28.2°.

(28) Natural substance shows a® +39.1°.

(29) Prepared by the isomerization of matrine. a® +77.9°.

(30) L. F. Fieser, Experiments in Organic Chemistry,
2nd Ed., D. C. Heath and Co., New York, 1941, pp. 458-
464.
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Hydrogen Gas Generated, MI.

Time (min.) 1 2 3 4 5 6 7 10 13
Sample

Matrine 8.5 29.3 50.0 65.3 78.0 87.3 - - —
Allomatrine 1.1 5.1 10.2 15.2 21.1 26.2 31.0 43.9 54.1
Matridine 0.5 2.1 4.4 7.1 9.1 10.2 11.4 14.0 15.0
Allomatridine 0.4 2.0 4.1 5.2 6.2 7.0 7.2 8.2 —

dioxide stream and the hydrogen gas that generated was de-
termined by azotometer.

Reaction of matrine and allomatrine with cyanogen bromide.
A solution of 5 g. of allomatrine® dissolved in 30 ml. of dry
benzene was warmed on a water bath to 60-70° and a solu-
tion of 2.3 g. of cyanogen bromide dissolved in 20 ml. of dry
benzene was added dropwise. The mixture was heated for 30
min., the solvent was distilled off, and the residue was dis-
solved in chloroform. The chloroform solution was washed
with 10% hydrochloric acid, dried over potassium carbonate,
and the solvent distilled off. Addition of acetone to the resi-
due separated some crystals which were washed with acetone
and afforded 4.0 g. of bromoallomatrine cyanamide (1X),
m.p. 153-157°. Further crystallization from acetone gave
plates, m.p. 167-168°.

Anal. Calcd. for CEH20NBr: C, 54.23; H, 6.80; N, 11.86.
Found: C, 54.03; H, 6.85; N, 12.00.

The reaction of matrine with cyanogen bromide has al-
ready been described.5

Reaction of matridine® and allomatridineZ with methyl

iodide. A solution of 500 mg. of the base dissolved in 2 ml. of
methanol and 1 g. of methyl iodide was refluxed for 1 hr.,
cooled, and crystals that separated out were recrystallized.

Allomatridine A4A9dimethiodide (X): plates (from
methanol-water), m.p. 293-296° (decomp.).

Anal. Calcd. for CiHAN22CH3: C, 38.80; H, 6.58; N,
4.80. Found: C, 39.00; H, 6.41; N, 4.90.

Matridine A9methiodide (XI): white prisms (from ace-
tone), m.p. 238-239°.

Anal. Calcd. for CEHHEN2CH3: C, 50.10; H, 7.71; N,
7.44. Found: C, 50.75; H, 7.75; N, 7.29.

Acknowledgment. We thank Dr. C. Schopf
(Darmstadt) for kindly supplying a sample of rac-
allomatridine. We are also very grateful to Dr. T. F.
Platonov (Moscow), who had generously given us
a sample of isoleontine.

Hongo, T okyo, Japan

[Contribution from the Pharmaceutical Laboratory, Medical School Keio-Gijuku University]
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The monobromides (Ha and lib) of the trans- and cfs-ketones (la and Ib) mentioned in the title were treated with a variety
of bases. In most cases, the Ad5dienones (IV and V) and the lactones (l1lia and Illb) were obtained as the expected prod-
ucts. With aqueous alkali, each of the monobromides was converted in low yield to the corresponding a-ketol (Vila or
V1lb) under allylic rearrangement. As other anomalous products, a bromo lactone (Via) and the Al4dienone acid (Villa)
were obtained from the ;rans-monobromide (Ha) in a few instances. Reactions of the dibromides (IXa and IXb) with bases
led predominantly to the bromo lactones (Via and VIb), respectively. A probable mechanism for the unusual reactions of

the monobromides with bases is discussed.

Miki has reported2 that treatment of the 5-
bromo compound (I1) of the keto acid (I) with
alkali led to a liquid lactone (I11) in unspecified
yield. Gunstone and Tulloch3thave disclosed the
isolation of a solid lactone (HI) in low purity from
the same monobromide (Il) on reaction with
sodium ethoxide. Ishikawa4 has reported that the
enol acetate of the malonate analog of the acetic
acid compound (1), which was said to be a precursor
for I, was treated with peracid followed by hy-
drolysis-decarboxylation of the resulting lactone
ester to give two solid isomers of 111. The melting

(1) Part XVI, M. Yanagita, M. Hirakura, and F. Seki,
J. Ora. Chem., 23, 841 (1958).

2) "T. Miki, J. Pharm. Soc. Japan, 75, 399 (1955).

(3) F. D. Gunstone and A P. Tulloch, J. Chem. Soc.,
1130 (1956).

(4) H. Ishikawa, J. Pharm. Soc. Japan, 76, 494 (1956).

points reported for these solid lactones were rather
different. The starting keto acid (la), at that time
regarded as cis, was recently revised to be trans,
possessing the acetic acid side chain axial.5 From
steric considerations, it is obvious that the result
of Ishikawa4is most unlikely. The purpose of this
investigation was to reexamine the reaction of the
frans-monobromide (la) with base and to study, for
comparison purposes, the behavior of the cis-
monoenone (Ib)6upon bromination and subsequent
treatment with bases.

It has been reported23that monobromination of
the frcms-monoenone (la) with M-bromosuccin-
imide afforded a good yield of the 5-bromo com-
pound (Ha). The simpler procedure using one equiv-

(5) M. Yanagita, S. Inayama, N. Hirakura, and F. Seki
J. Org. Chem., 23, 690 (1958).
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alent of bromine was found to give the same result.
Also, bromination of the cfs-keto acid (Ib) was well
effected with X'-bromosuccinimide to form the cor-
responding monobromide (lib) in comparable
yield. However, bromination of Ib with bromine
proceeded much more slowly, as compared with that
of the trans isomer (la). When the reaction of Ib
with one equivalent of bromine was accelerated by
exposure to sunlight, the dibromide (IXb) was
isolated in appreciable amount, with recovery of
the unchanged starting ketone. This relative inert-
ness of Ib to bromine may be attributed to an in-
crease in steric hindrance due to the combined
effects of the two m-substituents at the 6- and im
positions, which may prevent an axial approach of
bromine to the carbon at the 5-position.

Reactions of each isomer of the monobromides
(Ila and lib) with a variety of bases were carried
out under relatively mild conditions, and the
products, except crystalline compounds, were
isolated as 2,4-dinitrophenylhydrazones by re-
action with Brady’s reagent.6 When the trans-
monobromide (lla) was heated with anhydrous
sodium acetate in glacial acetic acid, the known
irans-keto lactone (Ilia) was chiefly obtained,
along with a small amount of the A4Bdienone (V),
from the neutral fraction. With Brady’s reagent, the
acidic fraction formed a 2,4-dinitrophenylhydra-
zone of the ethyl ester (IV, R' = CHGO of the
Ad6-dienone acid, indicating the presence of IV
(R’ = H) in the reaction mixture. On the contrary,
the m-monobromide (lib) on acetolysis furnished
predominantly the dienone (V), together with a
minute amount of the crystalline rn-keto lactone
(111b).7 The structure for the cfs-keto lactone was
inferred from its behavior with alkali and the
ultraviolet spectrum, Xg°H 244 m” (log e 4.13),
being rather close to those reported for the similar

(6) A saturated ethanolic solution of 2,4-dinitrophenyl-
hydrazine and concentrated sulfuric acid.

(7) The melting point reported by Miki2for the hydra-
zone of the iraras-keto lactone (Ilia) is 10° lower than
that of our sample, but identical with that of the same
derivative of the efs-isome/ (111b).
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lactones.8 Assignments of the structures (IV, Rr =
H and R' = C2Hb) to the dienone acid and its
ester rest mainly on the ultraviolet spectra of the
compounds and their 2,4-dinitrophenylhydrazones,
resembling respectively those of bicyclic A453-
ketones and their hydrazone derivatives.6d On
warming with ethanol, the hydrazone of the cfs-
keto lactone (Illb) was transformed into the same
derivative of the ethyl ester (IV, R' = CHB of the
dienone acid, affording support for the above struc-
tures. That the neutral dienone which is probably
a secondary product of the dienone acid (IV, R’ =
H) possesses the structure V is evidenced by the
ultraviolet spectrum and by its formation from IV
(R = 1) on heating.

It is of interest that treatment of the trans-
monobromide (lla) with aqueous sodium bicarbon-
ate led chiefly to the known 2-bromo lactone
(Via),2 accompanied with a small amount of the
dienone acid (IV, R' = H). Onthe other hand, the
m-monobromide (lib) with bicarbonate gave in a
good vyield the crystalline dienone acid (IV, R’ =
H), along with lesser amount of the dienone (V).
When the irans-monobromide was dissolved in 10%
aqueous sodium hydroxide, the dienone acid (IV,
R' = H), the bromo lactone (Via), and the keto
lactone (Ilia) were obtained. In addition, a new
acid was isolated in minute amount from the lessr-
soluble crop. On similar treatment with alkali, the
m-monobromide afforded a corresponding isomer
of this new acid. Both are isomeric with the hy-
droxy acid resulting from hydrolysis of the keto
lactone (I11), but exhibit no ultraviolet absorption
bands corresponding to that of the a,/3-unsaturated
ketones. Their infrared spectra possess bands at
3374 or 3367 cm.-1 (OH), 1733 cm.-1 (COOH),
1715 cm.-1 (C=0 in six-membered rings), and
1681 and 813 cm.-1 (RIRZ=CHR3).0 With
Brady’s reagent, these acids formed no precipitates
at room temperature, but when warmed, both were
converted to the same 2,4-dinitrophenylhydrazone
of the AdGdienone ethyl ester (IV, R' = CH).
These results indicated that the new acids could
have either the a-ketol structure VII or VII', but
the latter structure (VII') was excluded by the
formation of different ketols from Ila and lib.

Reaction of the (rans-monobromide (lla) with
2,4-dinitrophenylhydrazine in hot acetic acid fur-
nished the hydrazones of the dienone acid (IV, R' =
H) and of the dienone (V). In contrast, the cis-
monobromide (lib) on similar treatment was con-
verted to the hydrazones of the cfs-keto lactone
(Ib) and the parent acid (Ib). Refluxing of the

(8) Y. Abe, T. Harukawa, IT. Ishikawa, T. Miki, M.
Sumi, and T. Toga, J. Am. Chem. Soc., 75, 2567 (1953);
Y. Abe, T. Harukawa, H. Ishikawa, T. Miki, M. Sumi, and
T. Toga, J. Am. Chem. Soc., 78, 1422 (1956).

(9) F. D. Gunstone and R. M. Heggie, J. Chem. Soc.,
1439 (1952).

(10) L. J. Bellamy, The Infra-red Spectra of Complex
Molecules, John Wiley & Sons, Inc., New York, 1954, p. 33.
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¢rows-monobromide (lia) with methanol resulted
in the formation of the neutral ester mixture, which
on hydrolysis produced, besides the predominant
Ad5-dienone acid, a minute amount of the cross-
conjugated dienone acid (Villa) reported pre-
viously.1L Also the cfs-monobromide (lib) on meth-
anolysis was mostly converted to the neutral mix-
ture, from which only the A4b5dienone acid was
isolated after hydrolysis. The above cited reactions
of the monobromides (1) with bases are sum-
marized in Table I.

TABLE |
NaOAc )
I >llia + IV + V
) NaOAc
[ i b 4- 1V + V
. KOH-MeOH
lia -------mmmmmoeeee Ilia + IV
NaHCO .
lia -----m-mmmmeee- IV + V + Via
NaHCOj
[ J—————— vV +V
ag. KO . ) )
lia ----mmmmmmmeeeee Illia + IV + Via + Vila
ag. KOH
lib - > Illb + VHb
2.4- Dinitrophenyl-
[ \Y
hydrazine
. 2.4-Dinitrophenyl-
lib ---mmmmmmmmoooeee > 1b + Illb
hydrazine
MeOH .
L IV + V+Villa
7-collidine i
la -----mmmmmmeeeeee >V + Vila
. 7-collidine
] P—_— >Ilb + V

It has been reported that the 2,5-dibromo com-
pound (1Xa), prepared from the irans-keto acid
(la) with bromine, was treated with potassium
carbonate or 7-collidine to give the bromo lactone
(Via)2 or the Ax4dienone lactone (Xa),3 respec-
tively. It was now found that the same bromo lac-
tone was obtained in a good yield from the dibro-
mide (I1Xa) on acetolysis or by treatment with
aqueous bicarbonate. However, the reported elimi-
nation of the dibromide to Xa with hot 7-collidine
could not be duplicated in our laboratory. The only
product isolated from the reaction was a new bromo
lactone, which is isomeric but not identical with
Via. The structure (XI) for this bromo lactone was
established by its ultraviolet spectrum, 255
mn (log e 4.12), indicative of the Ax2-bromo-3-
keto moiety in an octaline ring. 2The m-dibroinide
(1Xb) on acetolysis afforded in 30% yield the cis-
bromo lactone (VIb) as the only product isolated.
Attempted dehydrobromination of these bromo
lactones (V1) into the corresponding AM-dienones

(12) T. Mild, J. Pharm. Soc. Japan, 75, 410 (1955).
(12) L. Dorfman, Chern. Revs., 53, 47 (1953); M. Yana-
gita and A. Tahara, J. Org. Chem., 20, 959 (1955).
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resulted in failure. The equatorial orientation of
bromine at the 2-position in the dibromides (IXa
and IXb) is shown by the shift (m. 20 cm.-1) of the
infrared carbonyl band over that of the correspond-
ing monobromides (lla and lib). Hence, it may be
assumed that the bromine in the bromo lactones
(Via and VIb) takes up the same equatorial con-
formation.

Mikill has reported that in the frans-dienone
lactone (Xa), the hydroxyl group of the lactone
ring, at that time regarded as axial, was readily
eliminated with zinc and acetic acid. The above
bromo lactones (Via and VIb) were found to be
smoothly reduced to the respective parent mono-
enones (la and Ib) with the same reagents. Molecu-
lar models clearly showed that the hydroxyl group
of the lactone ring in the trans-series can occupy
only an equatorial position. Obviously, the present
and earlier results1l of hydrogenolyses of VI and X
do not conform to the suggestion by MikiZthat in
A43-octalone systems, only the axial hydroxyl
function at the 5-position is sterically favored for
elimination with zinc and acetic acid.

ch3 ch3
CH3 Br COOH CH3 0—CO
1Xa, b Xa
CH3
ch3 O—CO
Xl

It is reasonable to assume that the aforemen-
tioned reactions of the monobromides (lla and lib)
with bases proceeded mostly by the unimolecular
mechanism. The resulting carbonium ion (XII)
would be expected to suffer allylic rearrangement to
X111, in which attack of hydroxide ion upon the
cationic center would form the a-ketol (VII). In a
previous paperX of this series it has been shown
that 5-bromo-9-methyl-A43-octalone on acetolysis
was rearranged to give a small amount of the cross-
conjugated dienone. The formation of the similar
dienone (Villa) from Ila on methanolysis pro-
vided an additional example of such rearrange-
ment. As suggested previously, 45 it probably
involves an intermediate formation of cyclopro-
pane ring in the ion (XII1). The direct esterification
of the monobromides on methanolysis, which seems
somewhat unusual, may be accounted for by the
assumption that the active center in the carbonium

(13) T. Miki, J. Pharm. Soc. Japan, 75, 412 (1955).

(14) M. Yanagita and K. Yamakawa, J. Org. Chem., 20,
1473 (1955).

(15) M. Yanagita and S. Inayama, J. Org. Chem., 19,
1724 (1954).
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ion (XII) would be intramolecularly attacked by
carboxyl-oxygen to form XIV, which then could be

lia or lib

Villa Vila or Vb

CHS3
IV (R'=CH3)

dehydrated to the ester. It is conceivable, however,
that the monobromides would be eliminated to
the Ad6dienone acid (IV, Rr = H), which then
would be esterified directly. This possibility was ex-
cluded by the result that on refluxing with methanol
under the conditions employed for methanolysis of
I, IV (R'= H) gave only the dienone (V) to-
gether with the recovered acid. In the aforemen-
tioned reactions of the monobromides with bases,
the trans-isomer (Ha) showed a greater tendency to
form the lactone ring, while the m-isomer (lib) was
more readily dehydrobrominated to the A46
dienone compound (IV or V). These observations
are consistent with the configurations of Ha and
lib, in which the axial substituent at the 6-position
more readily participated in the above reactions.

EXPERIMENTALI16

All temperatures are uncorrected.

Bromination of trans-"-dimethyl-CA-S-octalone-e-acetic
acid (la), (a) With N-bromosuccinimide. According to the
procedure reported previously,23 0.37 g. of the trans-
monoenone6 (la) in 70 cc. of carbon tetrachloride was re-
fluxed with 0.28 g. of W-bromosuccinimide in the presence
of traces of benzoyl peroxide. After about 3 rr.in., bromina-
tion was completed, considerably reducing the reported
reflux time (30 min.2or 2 hr.3. The bromide (Ha), amount-
ing to 0.27 g. (55%), was recrystallized from ethyl acetate
to give colorless prisms, m.p. 13A-1360: \®°H 255.5 mu
(log 64.07): r™as 1695 (COOH), 1661 (C=0), and 1597

(16) Microanalyses were carried out by Miss Ch. Shibuya
and the ultraviolet measurements by Miss M. Suzuki,
both, of this school.
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cm.-1 (C=C). Reported, m.p. 135°2 and 126-129°:3
246 mM(log e4.12).2

The bromide remained unaffected on standing with hydro-
bromic acid in acetic acid overnight.

(b) With one equivalent of bromine. The ¢rans-monoenone
(la, 0.945 g.) was treated with 0.65 g. of bromine in 4 cc. of
chloroform at room temperature in the usual manner. The
bromine uptake took place somewhat slowly. There was
obtained 0.8 g. (63%) of the crude product (Tla), which
was recrystallized from ethyl acetate by addition of petro-
leum ether to give colorless prisms, m.p. 125-127° and
mixed m.p. 128-134°.

Anal. Calcd. for CMH1Br03 C, 53.32; H, 6.08. Found:
C, 53.13; H, 6.11.

(c) With two equivalents of bromine. By the procedure de-
scribed above, 0.945 g. of the ;rans-monoenone (la) was
brominated with 1.3 g. of bromine to give 1.16 g. (73%)
of the dibromide (1Xa), m.p. 129-132°. Recrystallization
from ethyl acetate-methanol by addition of petroleum
ether gave colorless prisms, m.p. 130-132°: X‘8H 260 mju
(log e 4.04): 7°7cl’ 1684 cmy1 (C=0). Reported, m.p.
122°2 and 123-1250;3 X®H242 mM(log e 4.08)2 and 253
my (log e 4.04).3

Anal. Calcd. for CiHiBrd 3. C, 42.65; H, 4.61. Found:
C, 42.15; H, 458.

Bromination of cis-4.,9-dimethyl-Ai-8-octalone-6-acetic acid
(Ib), (a) With N-bromosuccinimide. By the procedure de-
scribed above, the cis-monoenone (Ib) was treated with N-
bromosuccinimide. After refluxing of the mixture for 10-15
min., the bromination whs completed. The monobromide,
m.p. 135-140°, obtained in 60% yield, was recrystallized
from ethyl acetate to give colorless prisms, m.p. 141-142°:
XB°H256 mix (log «4.15): 1701 (COOH), 1663 (C=0),
and 1597 cm.-1 (C=C).

Anal. Calcd. for CIHiIBr03 C, 53.32; H, 6.08. Found:
C, 53.66; H, 6.12.

The bromide remained unaffected on standing with
hydrobromic acid in acetic acid overnight.

(b) With one equivalent of bromine. Under the same condi-
tions as described for the irans-isomer (la), 0.708 g. of the
cis-monoenone6 (Ib) was treated with 0.49 g. of bromine
in 3 cc. of chloroform. When about two fifths of the bromine
had been added, the bromine uptake became considerably
slower. The remaining bromine was added with exposure
to sunlight for 1.5 hr. Evaporation of the light brown
reaction mixture left a red-brown viscous oil which soon
partly solidified. By trituration with a little ether, 0.4 g.
(39%) of the dibromide (1Xb), m.p. 134-135°, was obtained.
Recrystallization from ethyl acetate gave colorless prisms,
m.p. 139-140°: X&°H261 mM(log e4.10): 7 ™Ch 1683 cm.-)
(C=0). It showed obvious depression of the melting point
(10-15°) on admixture with the above monobromide (lib)
of the cfs-monoenone.

Anal. Calcd. for CiHIBrd 3. C, 42.65; H, 4.61. Found:
C, 42.52; H, 4.70.

The mother liquor of the dibromide gave 0.15 g. (21%)
of the starting ketone (la), m.p. and mixed m.p. 135-138°.

Acetolysis of the trans-5-bromo compound (Ha). The above
¢rans-monobromide (lla, 0.70 g.) was heated with 3 g. of
anhydrous sodium acetate in 10 cc. of glacial acetic acid on a
boiling water bath for 2 hr. The reaction mixture was diluted
with water and extracted with ether. The ether solution
was washed successively with sodium bicarbonate, sodium
hydroxide solution, and water. The bicarbonate solution
gave a small amount (0.04 g.) of a light brown oil, wduch
with Brady’s reagent formed in low yield a 2,4-dinitro-
phenylhydrazone mixture. Repeated recr3stallizations from
ethyl acetate-methanol gave deep red scales, m.p. 168-
170°, undepressed on admixture with the hydrazone of the
Ad6dienone ethyl ester (IV, R' = C2H6) described below.

The above ether solution remaining from the alkali
extraction was dried and evaporated to leave a red-orange
viscous oil (0.30 g.), & H 246 (log e4.03) and 300 mp
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(log € 3.30). This oil formed almost quantitatively a 2,4-
dinitrophenylhydrazone mixture, which on repeated re-
crystallization from ethyl acetate gave the derivative of
the rans-keto lactone (llia) as red fine needles, m.p.
236-238° (dec.): A™M0'1262 mM(log <4.22), 293 mM(log e
4.03) (inf.), and 385 m/x (log e4.50). Reported, m.p. 228°.2

Anal. Calcd. for CIHZN4A06: C, 57.96; H, 5.35; N, 13.52.
Found: C, 57.94; H, 5.37; N, 13.30.

The mother liquor of recrystallization of the hydrazone
of Ilia afforded dark red crystals, melting in the range
251-265° (dec.). Purification by passing through a neutral
alumina column in chloroform solution gave the derivative
of the Ad4b5dienone (V) as lustrous deep red plates, m.p.
269-271°. Recrystallization from benzene raised the melting
point to 271-273°: A™d3 266 my (log e 4.22), 316 mfi (log
e4.17), and 411 m/i (log e 4.54).

Anal. Calcd. for CIH2N44: C, 61.61; H, 5.99; N, 15.13.
Found: C, 61.23; H, 5.56; N, 15.01.

Acetolysis of the cis-5-bromo compound (lib). The cis-
monobromide (lib, 0.4 g.) was treated with sodium acetate
by the procedure described above for the trans-isomer
(Ha). The neutral product (0.17 g.), a pale yellow ail,
partly solidified on treatment with a little ether. The cis-
keto lactone (lllb, 0.02 g.), m.p. 159-162°, so obtained,
was recrystallized from ethyl acetate by addition of petro-
leum ether to give colorless prisms, m.p. 167-169°: A€H
244 my (log «4.14): >AQ3 1669 cm.”“' (C=0).

Anal. Calcd. for CiHi®3: C, 71.77; H, 7.74. Found: C,
71.49; H, 7.74.

It formed a 2,4-dinitrophenylhydrazone, which was re-
crystallized from ethyl acetate to give silky yellow needles,
m.p. 225-227°: AM0'3260 mMM(log e 4.09), 290 my (log e
3.85) (inf.), and 380 m7i (log e 4.35).

Anal. Calcd. for CIHZN406: C, 57.96; H, 5.35; N, 13.52.
Found: C, 57.62; H, 5.21; N, 13.74.

The mother liquor of crystallization of 111b gave a yellow
oil (0.13 g.), which was twice fractionated to an almost
colorless oil, b.p. 122-125° at 1 mm.: X*°H298 mu (log t
4.36). It consisted mainly of the Ad46dienone (V), forming
its 2,4-dinitrophenylhydrazone, m.p. and mixed m.p. 271-
273

Reaction of the trans-5-bromo compound (lia) with meth-
anolic potassium hydroxide: The ¢rans-monobromide (lia,
0.1 g.) was dissolved in 1 cc. of 10% methanolic potassium
hydroxide and allowed to stand in a stream of nitrogen at
room temperature for 2 days. The reaction mixture was
evaporated under reduced pressure, and the residue was
dissolved in water, acidified, and extracted with ether. After
shaking with bicarbonate and then with potassium hy-
droxide solution, the ether solution was dried and evaporated
to give an oil (20 mg.), which formed the 2,4-dinitrophenyl-
hydrazone, m.p. and mixed m.p. 237-239°, of the trans-
keto lactone (llia). Its ultraviolet spectrum was super-
imposable on that of the above sample.

With Brady’s reagent, the alkali- (5 mg.) and the bicar-
bonate-soluble fractions (20 mg.) formed, respectively, the
2,4-dinitrophenylhydrazones of Ilia and of the A45dienone
ethyl ester (IV, R" = CHD5).

Reaction of the trans-5-bromo compound (Ha) with sodium
bicarbonate solution. a solution of so mg. of the trans-mono-
bromide (Ha) in chloroform-ethyl acetate was shaken
with a saturated sodium bicarbonate solution. The shaking
was maintained until no more turbidity appeared in the
aqueous layer on standing. The organic layer was separated,
washed with water, dried, and evaporated to leave a pale
yellow oil (3s mg.), which gave crystals, m.p. 109-110°,
from ethyl acetate solution by addition of petroleum ether.
Further recrystallizations from ethyl acetate formed color-
less prisms, m.p. 110- 112° (dec.), undepressed on admixture
with the trans-bromo lactone (Via) described below. The
acidic fraction formed the 2,4-dinitrophenylhydrazone, m.p.
and mixed m.p. 176-178°, of the Ad5dienone ethyl ester
(IV, R" = CHys).
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Another run was carried out in the absence of the organic
solvent. The fe-arcs-monobromide (Ha, 0.2 g.) was added to
4 cc. of saturated bicarbonate solution and the mixture was
stirred at room temperature for 30 min. The separated oil
was taken up in ether, and evaporation of the dried ether
solution gave a pale yellow oil (0.118 g.), which could not
be induced to crystallize. Distillation under reduced pressure
gave a little oil (V) identified through the 2,4-dinitrophenyl-
hydrazone, m.p. and mixed m.p. 271-273°.

Reaction of the cis-5-bromo compound (lib) with aqueous
sodium bicarbonate. By the procedures described above for
Ha, the as-monobromide (lib) was treated with sodium
bicarbonate. After shaking 50 mg. of lib in the organic
solvent with aqueous bicarbonate, the bicarbonate solution
was acidified to precipitate 15 mg. of the Ad6dienone acid
(IV, R" = H) as yellowish prisms, m.p. 129-132°, which
was not raised on further recrystallization from ethyl
acetate-hexane. It had AB H294 my (log e 4.48).

Anal. Calcd. for CiAH18C8: C, 71.77; H, 7.74. Found: C,
71.39; H, 7.34.

With Brady’s reagent, it formed a 2,4-dinitroplienyl-
hydrazone, m.p. 250-251 °, after recrystallization from ethyl
acetate. It showed no depression of melting point of the
same derivative of the free acid (IV, R' = H) described
below.

It is to be noted that with Brady’s reagent, the acid (1V,
R' = H) in crystalline state formed only the hydrazone of
the free acid, while, when it was contained in the acid
fraction of the reaction products of 11, the hydrazone of the
ester (IV, R' = CH5 was always obtained.

This acid on pyrolysis was converted to the Ad6dienone
(V) identified through the 2,4-dinitrophenylhydrazone, m.p.
and mixed m.p. 271-273°. Also, refluxing of this acid with
methanol for 4 hr. gave in 50% yield A45dienone (V), along
wdth recovery of the unchanged acid (40%).

A solution of 0.10 g. of the cfs-monobromide (lib) in
aqueous bicarbonate was allowed to stand at room tempera-
ture overnight. The nearly clear bicarbonate solution was
acidified to give a pale yellow oil, which solidified on stand-
ing in a refrigerator. There was obtained 0.06 g. (80%) of
the dienone acid (IV, R' = H), melting in the range 100-
112° (dec.). Recrystallization from ethyl acetate-hexane
gave pale yellow prisms, m.p. and mixed m.p. 128-131°:
AR'H294 mM(log 64.48).

From the mother liquor of this acid, the Ad6dienone (V)
was isolated as the 2,4-dinitrophenylhydrazone.

Reaction of the trans-B-bromo compound (l1a) with aqueous
potassium hydroxide. The irtros-monobromide (lla, 0.7 g.)
was dissolved in 7 cc. of 10% potassium hydroxide solution
and the undissolved oil was taken up in ether. The ether solu-
tion gave traces of the bromo lactone (Via), m.p. 105-
108° and mixed m.p. 111-112°. The alkaline solution, after
standing for 4 hr., was acidified under cooling, and the
separated oil was taken up in ether. On standing in a re-
frigerator, the ether solution deposited 0.05 g. of the trans-
ketol (Vila) as white crj’stals, m.p. 190-195°. Recrystal-
lization from ethyl acetate-petroleum ether gave fine white
prisms, m.p. 201-203°: r*ar3364, 1733, 1715, and 1681 emul
It showed no ultraviolet absorption bands corresponding to
that of the »,/3-unsaturated ketones.

Anal. Calcd. for CHI04 C, 66.64; H, 7.99. Found:
C, 66.70; H, 7.61.

This formed no hydrazone on standing with Brady’s
reagent at room temperature for 2 weeks. When warmed
with this reagent, however, the ketol (25 mg.) was con-
verted to the 2,4-dinitrophenylhydrazone (ca. 20 mg.),
melting in the range 140-155°, of the Ad5dienone ethyl
ester (IV, R' = CH6). Recrystallization from ethyl acetate-
ethanol gave deep red scales, m.p. and mixed m.p. 173-
175°.

The ketol remained unchanged on standing with 5%
sulfuric acid at room temperature, but, when the mixture
was warmed for 2 hr., there Was obtained the A46dienone
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(V) identified through the 2,4-dinitrophenylhydrazone, m.p.

260-265° and mixed m.p. 265-268°.

The ether filtrates from the ketol were shaken with
aqueous bicarbonate. Acidification of the bicarbonate solu-
tion gave an oil (0.34 g.), forming a 2,4-dinitrophenyl-
hydrazone mixture which was fractionally recrystallized
from ethyl acetate. The less-soluble crop was further re-
crystallized from the same solvent to give the hydrazone,
m.p. and mixed m.p. 236-238°, of the irans-keto lactone
(Ilia). The more-soluble crop was further recrystallized
from ethyl acetate-ethanol to give the hydrazone, m.p.
162-164° (mixed m.p. 170-172°), of the Ad5dienone ethvl
ester (IV, R" = C,H5. It had Xd°H266 m/. (log e 4.20),
315 m/i (log e4.17), and 405 mp (log e 4.49). The discrepancy
of the melting points of the hydrazones of IV (R' = C.Hs)
may be due to dimorphism.

Anal. Calcd. for CZHEND 6: C, 59.72; H, 5.92. Pound:
C, 59.31; H, 5.89.

Reaction of the cis-5-bromo compound (lib) with agueous
potassium hydroxide. By the procedure described above for
lia, 0.4 g. of the cfs-monobromide (11b) was treated with 4
ce. of 10% potassium hydroxide solution. The alkaline
reaction solution, in which, unlike the above case, no tur-
bidity appeared on standing at room temperature, was
acidified and extracted with ether. The ether solution, which
gave no precipitates on standing in a refrigerator, was
repeatedly shaken with aqueous sodium bicarbonate. Acidi-
fication of the combined bicarbonate solutions gave a vis-
cous oil (0.34 g.), which on treatment with a little ether
gave 0.045 g. of the efs-ketol (VIIb) as fine white crystals,
m.p. 227-229°. Recrystallization from ethyl acetate-
petroleum ether did not alter the melting point: vi™l 3367,
1733, 1715, and 1681 cm.-1 It showed no ultraviolet absorp-
tion bands corresponding to that of the a./3-unsaturated
ketones.

Anal. Calcd. for CiHZ04 C, 66.64; H, 7.99. Found:
C, 67.03; H, 8.23.

As described with Vila, the cis-ketol (VIlb) was warmed
with Brady’s reagent to form the hydrazone of the AbG
dienone ethyl ester (IV, R' = CH5).

The oily residue from the mother liquor o’ the cis-ketol
formed in 40% vyield the 2,4-dinitrophenylhydrazone of the
eis-keto lactone (11lb) as silky yellow needles, m.p. and
mixed m.p. 237-239° (after chromatography on alumina
and recrystallization from ethyl acetate-ethanol).

Reaction of the trans-5-hromo compound (Ha) with 2,4-
dinitrophenylhydrazine. The frans-monobromide (lia, 63
mg.) was heated with 40 mg. of 2,4-dinitrophenylhvdrazine
and 17 mg. of anhydrous sodium acetate in 1 cc. of glacial
acetic acid in an oil bath (120-140°) for 10 min. On cooling,
the solution deposited 15 mg. of the hydrazone of the A45
dienone acid (IV, R' = H), m.p. 232-240°. Recrystalliza-
tion from ethyl acetate and then from acetic acid furnished
red scales, m.p. 250-255° (dec.): X™cI’ 267 m/i (log t 4.05),
315 mp (log €4.07), and 411 mp (log «4.38).

Anal. Calcd. for CZHZN4O# C, 57.96; H, 5.35. Pound:
C, 57.75; H, 5.86.

The mother liquor of this hydrazone gave the same deriva-
tive, m.p. and mixed m.p. 268-270°, of the Ad6-dienone (V)
(after chromatography on alumina and recrystallization
from ethyl acetate).

Reaction of the cis-5-bromo compound (lib) with 2,4-
dinitrophenylhydrazine. By the procedure described above
for Ha, 25 mg. of the eis-monobromide (Hb) was treated
with 15 mg. of the hydrazine. On cooling, the reaction solu-
tion deposited crystals (10 mg.), melting in the range 200-
223°. Recrystallization from ethyl acetate gave deep red
scales, m.p. 239-243°, undepressed on admixture with the
same derivative of the parent monoenone (Ib).6 Its ultra-
violet spectrum is superimposable on that of the sample
reported previously.® The mother liquor of this derivative
gave the hydrazone, m.p. and mixed m.p. 225-227°, of the
cis-keto lactone (Illb) (after recrystallization from ethyl
acetate-ethanol).
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On warming with a small amount of ethanol on the water

bath, the hydrazone of the lactone (Il1lb) was converted to
the same derivative of the A45dienone ethvl ester (TV, R' =
CHb5).
Reaction of the lIrans-5-bromo compound (Ha) with meth-
anol. A solution of 0.45 g. of the irares-monobromide (Ha.)
in 10 cc. of absolute methanol was heated to reflux for 4 hr.
Evaporation of the solvent under reduced pressure left an
oil, which was mixed with water and extracted -with ether.
The ether solution was shaken successively with aqueous
sodium bicarbonate, 2% sodium hydroxide, and water.
Acidification of the bicarbonate solution afforded a pale
yellow oil (20 mg.), which with Brady’s reagent formed the
hydrazone, m.p. and mixed m.p. 174-175°, of the A46
dienone ethyl ester (IV, R' = CH6) (after recrystalliza-
tion from ethyl acetate).

The neutral product, a light brown oil (0.32 g.), was
fractionated to 0.23 g. of a pale yellow oil, b.p. 173-175°
at 3 mm. With Brady’s reagent, it formed almost quantita-
tively a hydrazone, m.p. 189-195°, of methyl ester (1V,
R' = CH.) of the Ad6dienone acid. Recrystallization from
ethyl acetate-ethanol gave dark red fine plates, m.p. 206-
207°: X™Z 266 mp (log e 4.19), 315 mp (log e 4.17), and
402.5 mfi (log e4.54).

Anal. Calcd. for CZH2N4 6 C, 58.87; H, 5.65. Found:
C, 59.19; H, 5.45.

The methyl ester, prepared from the acid (IV, R' = H)
with diazomethane, formed the same hydrazone, m.p. and
mixed m.p. 206-207°.

The above fractionated oil (0.2 g.) was heated to reflux
in 1 cc. of 10% methanolic potassium hydroxide for 1 hr.
Evaporation of the red-brown solution under reduced pres-
sure left an oil, which was mixed with water and extracted
with ether. The ether solution gave a little oil, forming the
hydrazone, m.p. and mixed m.p. 265-268°, of the Ads
dienone (V) (after recrystallization from ethyl acetate).
The alkali solution, separated from the neutral product,
was acidified under cooling and extracted with ether. The
dried ether solution was evaporated to small bulk, and
petroleum ether was added. O1L standing in a refrigerator,
the solution deposited two forms of light brown crystals
(0.07 g.), which were separated mechanically. One crop
(0.035 g.) was recrystallized from ethyl acetate-hexane to
give the Ad8dienone acid (IV, R' = H), light browm
prisms, m.p. and mixed m.p. 128-131°. Another crop con-
sisted of 0.01 g. of white prisms, m.p. 183-186°, which was
recrystallized from ethyl acetate to raise the melting point
to 188-192°: X*°H243 m/i (log €4.05). It showed no depres-
sion of the melting point on admixture with the Al4dienone
acid (Villa) kindly furnished by Dr. Miki.1l

Anal. Calcd. for CMHI® 3 C, 71.77; H, 7.74. Found: C,
71.62; H, 7.40.

It formed quantitatively a 2,4-dinitrophenylhydrazone,
m.p. 245-250°, which was recrvstallized from ethyl acetate
to give red plates, m.p. 243-245°: X°ou 259 m« (log «
4.25), 312 mp (log ¢3.80), and 402 mp (log e 4.52).

Anal. Calcd. for CZH2N406: C, 57.95; H, 5.35; N, 13.52.
Found: C, 58.24; H, 5.65; N, 13.10.

With diazomethane in ether solution, the acid gave a
methyl ester, which formed a 2,4-dinitrophenylhydrazone,
m.p. 198-200° (after recrystallization from ethyl acetate-
ethanol): X™li 258 mix (log e 4.29), 312 m/x (log e 3.85),
and 406 m/i (log e 4.58).

Anal. Calcd. for C2H,AND 6 C, 58.87; H, 5.65; N, 13.08.
Found: C, 58.92; H, 5.55; N, 13.56.

Reaction of the cis-5-bromo compound (lib) with methanol.
Bj- the procedure described above for Ha, 0.27 g. of the cis-
monobromide (lib) wis treated with 8 cc. of absolute meth-
anol. The neutral oily product (0.18 g.) formed almost
quantitatively the 2 4-dinitrophenylhydrazone, melting in
the range 175-201°, of the AdGdienone methyl ester (1V,
R' = CH3J). Recrvstallization from ethyl acetate gave dark
red plates, m.p. and mixed m.p. 206-208°: X&'l 266 m//
(log «4.27), 314 m// (log e4.29), and 405 m/i (log e4.61).
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Hydrolysis of the above neutral oil gave, along with a
small amount of the Ad6dienone (V), the Ad5dienone acid
(IvV, R' = H), but the corresponding Ali4-dienone acid
(VII) could not be detected from the acid fraction.

Reaction of the trans-5-bromo compound (Ha) with y-
collidine. The ;rons-monobromide (Ha, 0.25 g.) was heated
with 1.5 cc. of purified y-collidine (b.p. 169-170°) at 170-
180° for 15 min. The reaction mixture was diluted with
ether to give a quantitative yield of the collidone hydro-
bromide. The ether solution was washed successively with
dilute hydrochloric acid, water, and aqueous sodium bicar-
bonate. The neutral fraction, an oil (0.132 g.), which partly
solidified, was triturated with ether to give 12 mg. of the
irares-ketol (Vila) as light brown crystals, m.p. 183-191°.
Recrystallization from ethyl acetate raised the melting
point to 200-203° (mixed m.p. 201-203°). The mother
liquor of Vila formed the 2,4-dinitrophenylhydrazone, m.p.
and mixed m.p. 266-270°, of the Ad5dienone (V) (after
repeated recrystallization from ethyl acetate).

Acidification of the bicarbonate solution gave a pale yel-
low oil (10 mg.), which formed with Brady’s reagent the
hydrazone, m.p. and mixed m.p. 170-172°, of the A45
dienone ethyl ester (IV, R' = CH5).

Reaction of the cis-5-bromo compound (lib) with y-collidine.
By the procedure described above for Ila, 0.15 g. of the cis-
monobromide (lib) was heated with y-collidine, forming a
quantitative yield of the collidine salt. The neutral oily
fraction (0.07 g.) gave 0.015 g. of the cis-keto lactone
(I1lb) as light brown crystals, m.p. 155-157°, from ether
solution by addition of hexane. Recrystallization from ethyl
acetate-hexane raised the melting point to 167-169° (mixed
m.p.1

The mother liquor of Illb gave a brown oil (0.05 g.),
which formed almost quantitatively the 2,4-dinitrophenyl-
hydrazone, melting in the range 250-265°, of the A45
dienone (V). Purification by passing through an alumina
column in chloroform solution and recrystallization from
ethyl acetate gave a pure sample, m.p. and mixed m.p.
271-273°.

Acetolysis of the Irans-2,5-dibromo compound (1Xa). By
the procedure described above for the ¢rans-monobromide
(1a), 0.93 g. of the trans-dibromide (1Xa) was heated with
3 g. of anhydrous sodium acetate in 12 cc. of glacial acetic
acid. The ether solution, containing the neutral products,
was dried and concentrated to deposit 0.47 g. (64%) of the
irans-bromo lactone (Via) as light browm crystals, m.p.
99-100°. Recrystallization from methanol with charcoal
afforded white prisms, m.p. 110-112° (dec.): X‘°H250 ni
(log e 4.04): r™@ 1684 cm.'1 (C=0). Reported,2 m.p.
107-112° and X*>H242 mu (log e 4.03).

Anal. Calcd. for CiiHnBrCh: C, 53.67; H, 5.47. Found:
C, 53.19; H, 5.42.

The bromo lactone (0.1 g.) was refluxed with 1.0 g. of
activated zinc dust in 10 cc. of ethanol containing 0.1 cc.
of acetic acid for 15 min. After removal of zinc by filtration,
the filtrate was evaporated under reduced pressure to leave
a viscous oil, which was mixed with water and extracted with
ether. The ether solution was shaken with aqueous sodium
carbonate, and the carbonate solution was acidified to sepa-
rate a brown oil which soon solidified. Recrystallization
from methanol gave 0.05 g. (57%) of the starting monoenone
(la), m.p. and mixed m.p. 132-135°.
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Treatment of the bromo lactone with hot collidine in the
usual manner formed in 83% yield the collidine salt, but no
tractable products were isolated from the reaction mixture.

Acetolysis of the cis-2,5-dibromo compound (1Xb). The
cfs-dibromide (1Xb, 0.5 g.) was subjected to acetolysis under
the conditions described above for IXa. From the neutral
fraction, 0.18 g. (45%) of the cfs-bromo lactone (V1b) was
isolated as pale yellow crystals, m.p. 190-193° (dec.), which
whs recrystallized from ethyl acetate and then methanol
to give yellowish prisms, m.p. 180-181° (dec.): X&I'H 248
mx (log i 4.13): r* AL 1686 cm. '1(C=0).

Anal. Calcd. for CMHNnBr03 C, 53.67; IT, 5.47. Found:
C, 54.01; 11, 5.81.

The residual oil of the mother liquor of VIb formed the
2,4-dinitrophenylhydrazone, m.p. and mixed m.p. 271-
273°, of the Ad6dienone (V) (after chromatography on
alumina with chloroform elution and recrystallization from
ethyl acetate).

Hydrogenation of the cfs-bromo lactone with zinc dust,
as described above for Via, furnished the starting cis-
ketone (Ib), m.p. and mixed m.p. 142-14405 Like Via,
VIb could not be dehydrobrominated to the dienone (X)
wdth hot collidine.

Reaction of the trans-2,5-dibromo compound (IXa) with
sodium bicarbonate. A solution of 0.05 g. of the irems-di-
bromide (IXa) in ether was shaken with aqueous bicarbon-
ate, as described above for the ;rans-monobromide (lla).
The ether solution, separated from the aqueous layer, gave
a light brown oil (0.05 g.), which was again dissolved in a
little ether and stored in a refrigerator. There was obtained
0.02 g. of the irares-bromo lactone (Via) as light brown crys-
tals, m.p. 100-105°. Recrystallization from ethyl acetate
gave colorless prisms, m.p. and mixed m.p. 110- 112°.

Reaction of the trans-2,5-dibromo compound (IXa) with
y-collidine. According to the procedure reported by Gun-
stone and Tulloch,30.8 g. of the fraws-dibromide (1Xa) was
heated wdth 23 cc. of purified y-collidine. The crude product,
a dark brown oil, was dissolved in ether, and the ether solu-
tion was shaken with aqueous sodium bicarbonate and then
wdth 1% sodium hydroxide. The alkaline solution gave only
traces of a brown oil. Evaporation of the dried ether solution
left a dark browm oil (0.23 g.) which was chromatographed
on silica gel (1.5 X 22 cm.) and eluted wdth chloroform.
The early eluted fraction afforded a small amount of the
bromo lactone (X1), m.p. 132-135°. Recrystallization from
methanol gave colorless plates, m.p. 136-138°: X®&"1l 255
m/i (log f 4.12).

Anal. Calcd. for CuHNnBrOs: C, 53.67; Il, 5.47. Found:
C, 53.23; H, 5.37.

The mother liquor of XI gave no tractable products.
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The preparation of 1,3,5(10)-estratriene-3,16/3,17a"-triol is described. The 16a and 163 bromo epimers of estrone were

also prepared and some of their reactions were studied.

Of the four possible estriols isomeric at carbons
16 and 17 only three are known. They include the
original estriol, or 1,3,5(10)-estratriene-3,16a,17/3-
triol (1), and the two cis isomers, 1,3,5(10)-estra-
triene-3,16/3,17/3-triol (I1) and 1,3,5(10)-estratriene-
3,16a, 17a-triol (I11). All three have been synthe-
sized3and the former two have also been identified
as metabolites of estradiol in the human4b Our
interest in the metabolism of estrogens and in the
chemistry of these stereoisomers prompted us to
undertake the preparation of the remaining isomer
1,3,5(10) -estratriene-3,16/3,17a-triol (1V).

The initial attempts were directed towards re-
duction of the readily available 3,16,3-dihydroxy-
1,3,5(10)-estratriene-17-one (XVa), or its acetate,6
with less stereospecific reagents than lithium alumi-
num hydride. All the reductants tried, however,
gave only 1,3,5(10)-estratriene-3,16/3,17/3-triol (I1).
The preparation of IV by the action of acetic acid
on the 16«17« oxide XTYa was then studied.
Despite the previous failure to isolate any products
from this reaction,31we were able to obtain a small
amount of the new estriol. Since, however, the a-
oxide is not easily accessible, synthesis of the de-
sired estriol isomer in more substantial quantities
required another approach. The work of Fajkos6
in the androstane series appeared to offer an at-
tractive route to 1V.

Bromination ot estrone enol diacetate V gave
16a-bromoestrone acetate (Via), a compound pre-
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(6) J. Fajkos, Collection Czechoslav. Chem. Commun., 20,
312, 1478 (1957).

(7) W. S. Johnson and W. F. Johns, J. Am. Chem. Soc.,
79, 2005 (1955).

viously prepared7but in which the orientation of the
bromine had not been defined. From analogy with
the androstane series6 the a-orientation was as-
sumed, and this was borne out by subsequent reac-
tions. Reduction at 0° of 16a-bromoestrone acetate
(Via) wdth lithium aluminum hydride gave the trans
bromohydrin V111, vdiich was directly transformed
to 16/3,17/3-epoxy-1,3,5(10)-estratriene-3-ol (XI1) by
refluxing in alkaline solution. The structure of the
new oxide X1l was established by reduction with
lithium aluminum hydride to yield 16/3-estradiol
(XVb), identical (infrared spectrum and mixture
melting point comparison) with a sample prepared
from 1,3,0(10)-estratriene-16-one (XVI) by sodium
borohydride reduction.8Refluxing the oxide XII
with acetic acid followed by hydrolysis of the
products gave a mixture of the two isomeric trans
estriols | and 1V, from which the new 1,3,5(10)-
estratriene-3,16/3,17a-triol (IV) was obtained in
about 50% yield by chromatography and fractional
crystallization.

It was of interest to prepare 16/3-bromoestrone
acetate (Vila) and to compare the reactions of the
two bromoketones epimerie at C-16. Although acid
hydrolysis of Via at room temperature gave 16a-
bromoestrone (V1b), hot acid hydrolysis resulted in
epimerization to give predominantly 16/3-bromo-
estrone (VIlb). Acetylation of VIib gave 16/3
bromoestrone acetate (Vila). Vila could also be
obtained directly from Via in lower yield by partial
epimerization on alumina, followed by careful
chromatography and fractional crystallization. The
two epimerie bromoestrones, V1b and VllIb, had the
same melting point with little depression on admix-
ture. They were not separated by alumina or chro-
matography on paper in several systems, but were
separated by fractional crystallization. The specific
rotation was found to be an acceptable criterion of
purity. The acetates Via and Vila showed similar
behavior although the mixture melting point de-
pression was considerable. Lithium aluminum hy-
dride reduction followed directly by alkaline reflux
was then carried out on both epimers VIb and Vllb.
The 16a-bromoketone Via afforded in addition to
the 163 17/3-oxide XII, about 10% of estrone
(X111) derived from the cis 16a, 17a-bromohydrill

(8) M. N. Huffman and M. H. Lott, ./. Biol. Chem,, 213,
343 (1955).
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IX formed during the reduction.9 The 16/3-bromo- in carbon tetrachloride following the procedure of Johnson

estrone (YIlb) gave rise only to estrone derived
from the cts-16/3,17/3-bromohydrin X; none of the
16a,17a-oxide XIVb expected from the trans
bromohydrin X1 was found. These results not only
confirm the assignment of the bromine orientation
in the two isomers but also support the previous
finding5 that a 16/3-substituent results in stereo-
specific B reduction of the 17-ketone while a 16a-
substituent makes the reduction only stereo-
selective, with about 10-15% of a-reduction.

The contribution of the new estriol to the me-
tabolism of estradiol in man is at present being in-
vestigated.

EXPERIMENTALIO

16a-Bromoestrone acetate (Via). One gram of estrone enol
diacetate (V) in carbon tetrachloride containing some potas-
sium carbonate was treated with one equivalent of bromine

(9) The estrone could also be derived from the (3-is

bromohydrin (X) which could result by epimerization of
the a-bromine prior to reduction. This, however, is unlikely
in view of the low temperature, inert solvent, and the
rapidity of the reduction.

and Johns.7 The usual work-up gave 700 mg. of product
of m.p. 163-167°. Four recrystallizations from methanol
gave 16a-bromoestrone acetate, m.p. 169-171°; [oYd
+ 119° (chloroform). Literature m.p. 168-170°.

16a-Bromoestrone (VIb). A solution of 300 mg. of the
acetate Via in 4% ethanolic sulfuric acid was allowed to
stand for 20 hr. at room temperature. Dilution with water
and extraction with chloroform gave 243 mg. of 16a-bromo-
estrone, crystallized from benzene as long needles, m.p.
225-228°; [a]d +120° (chloroform).

Anal. Calcd. for C/ILICbhBr: C, 61.89; H, 6.02. Found:
C, 62.33; H, 6.28.

Acetylation with acetic anhydride and pyridine regener-
ated Via.

16(I-Bromoestrone acetate (Vila). Five hundred milligrams
of the crude a-bromoacetate Via in the minimum amount
of 1:1 benzene-petroleum ether mixture was adsorbed on a
column of 100 g. of alumina. After standing overnight the
column was eluted in 100 cc. of fractions first with 3:2
benzene-petroleum ether and then with the same solvents
in 4:1 ratio. The various fractions were combined on the
basis of their melting points. The first 5 fractions gave on
crystallization from methanol 0.23 g. of plates of pure 16a-
bromoestrone acetate (Via). Fractions 6-10 were mixtures.

(10)  Melting points were obtained on a Kofler hot stage
apparatus and are corrected. Analyses are by Spang Micro-
analytical Laboratories.
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Fractions 10 to 14 crystallized from methanol to give 47
mg. of [B-bromoestrone acetate (Vila) as needles, m.p.
166-169°. The analytical sample melted at 170-173°; [a]h
+ 156° (chloroform).

Anal. Calcd. for CZHZ03Br: C, 61.38; H, 592. Found:
C, 61.45; H, 5.88.

Subsequent fractions eluted from the column with more
polar solvents proved to be a mixture of the hydrolyzed a
and 3 isomers. A mixture melting point of Vila with the
16a isomer (Via) showed a depression of 40°. The infrared
spectra of the two compounds in carbon disulfide were dif-
ferent in the 1400-650 cm.-1 region, but there was no dif-
ference in the position of the ketone band at 1758 cm.-1
Paper chromatography in several systems failed to separate
the two isomers.

16fi-Bromoestrone (V1lb). Room temperature hydrolysis
of 16/S-bromoestrone acetate Vila with 4% ethanolic sul-
furic acid for 20 hr. gave the free phenol V1Ib, which crystal-
lized from benzene as short needles, m.p. 224-227° with
sublimation. Mixed melting point with the a-isomer VIb
was 213-220°. The infrared spectra of the two compounds
in chloroform showed significant differences in the 1150-
800 cm. ~1region. Paper chromatography in various systems
again failed to separate the two compounds. The analytical
sample melted at 225-228°; [a]Zd +154° (chloroform).

Anal. Calcd. for CitHn0Br: C, 61.89; H, 6.02. Found:
C, 62.06; 11, 6.03.

The same compound could be obtained by refluxing the
a-bromoestrone acetate Via with 4% ethanolic sulfuric acid
overnight. The resultant mixture was predominantly 16/3-
bromoestrone (VIIb), which could be obtained pure by
fractional crystallization. Acetylation with acetic anhydride
in pyridine gave 16/3-bromoestrone acetate (Vila).

16p,17fi-Epoxy-1,3,5(10)-estratriene-8-ol (XII). One gram
of a-bromocstrone acetate Via was stirred for 2 hr. at 0°
with an excess of lithium aluminum hydride in anhydrous
ether. The excess reagent was destroyed with water; acidi-
fication with dilute hydrochloric acid and evaporation of
the organic phase gave 0.78 g. of a gum, the infrared spec-
trum of which lacked any carbonyl absorption. Without
further purification the material was refluxed ror 4 hr. with
5% ethanolic potassium hydroxide. Dilution with water
and extraction with chloroform gave 0.58 g. of solid which
was chromatographed on 50 g. of alumina. A total of 0.24
g. of the 16/317/3-oxide (XII) was eluted first with 9:1
benzene-petroleum ether. Subsequent fractions contained
92 mg. of estrone. The oxide crystallized from benzene-
petroleum ether as short needles, m.p. 198-202°. The
?nal);tical sample melted 200-204°; [a]26 +119° (chloro-
orm).

Anal. Calcd. for CIHZ02 C, 79.96; H, 8.25. Found:
C, 80.15; 11, 8.22.

Reduction of the oxide (XII) with lithium aluminum
hydride gave 1,3,5(10)-estratriene-3,16,S-diol (XVb), m.p.
224-226° identical with a sample prepared by sodium boro-
hydride reduction of 1,3,5(10)-estratriene-16-one (XVI).

When 150 mg. of the 16/3-bromoestrone acetate (Vila)
was reduced under identical conditions with lithium alumi-
num hydride followed by heating with alkali 94 mg. of
estrone was obtained. No 16a,17a-oxide XIVb was isolated.

FISHMAN AND BIGGERSTAFF
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1,3,5(10)-Estratriene-3,16f},17a-triol (IV). (a) A solution
of 300 mg. of the /Boxide X11 in 30 cc. of glacial acetic acid
was refluxed for 4 hr. Removal of the acetic acid under
vacuum left an oily residue, which was refluxed in 6%
ethanolic potassium hydroxide for 1.5 hr. Dilution and
acidification with dilute hydrochloric acid and thorough
extraction with chloroform gave 300 mg. of a white solid
which was chromatographed on 25 g. of alumina. The first
fractions eluted with 900 cc. of chloroform containing 3%
methanol were combined to give 124 mg. of material which
crystallized from benzene-methanol as prisms, m.p. 245-
248°. Further recrystallization raised the melting point to
248-250°; [a]23 +61° (ethanol).

Anal. Calcd. for CitH203: C, 74.97; H, 8.39. Found: C,
74.74; H, 8.30.

The subsequent fractions eluted weighed 64 mg. and
proved to be the other trans isomer, 1,3,5(10)-estratrien-
16a,17/3-triol (1).

The infrared spectrum of the new estriol in potassium
bromide showed differences from the other three estriol
isomers. Paper chromatography in a benzene-methanol:
water-ethyl acetate system separated the new estriol from
its isomers. The compound was somewhat less polar than
1,3,5(10)-estratriene-3,16a, 17 -triol (1), but considerably
more polar than the two cis triols in the solvent system
used.

(b) A solution of 100 mg. of 1,3,5(10),16-estratetraene-3-ol
benzoate (XVII), m.p. 161-166° in ether was treated with
perbenzoic acid. On working up the reaction, 111 mg. of
crude 16a,17a-epoxy-1,3,5(10)-estratriene-3-ol  benzoate
(XVla) was obtained. Without further purification this
material was refluxed for 2 hr. in 3 cc. of glacial acetic acid
under nitrogen. The acetic acid was removed and the residue
refluxed in 8% ethanolic potassium hydroxide for 1.5 hours.
The isolated product was a yellow semisolid weighing 73
mg. The material was decolorized with charcoal and crystal-
lized from acetone-petroleum ether to give 23 mg. of
crystals, m.p. 200-235°. It was then dissolved in benzene
containing 10% ethyl acetate and chromatographed through
a 1 X 10 cm. silica column. The combined material eluted
with 50% ethyl acetate-benzene weighed 12 mg., m.p.
228-240°. One recrystallization raised the melting point to
244-246°. Mixture melting point determination and infra-
red spectra comparison established the identity with the
1,3,5(10)-estratriene-3,16/3,17a-triol (1) prepared from the
F? oxide XII.
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The isomeric 1- and 3-(2,5-xylyl)cyclohexene were prepared from 2,5-xylylmagnesium bromide and cyclohexanone, or
3-bromocyclohexene, respectively. Comparative ultraviolet absorption data on these and the related saturated molecule
suggest a steric inhibition of resonance in the first compound owing to the 2-methyl group. Dehydrogenation of the cyclo-
hexene derivatives led to 2,5-dimethylbiphenyl which was oxidized to 2,5-biphenyldicarboxylic acid. Ring closure gave 9-
oxo-3-fluorenecarboxylio acid which was the starting material for the preparation of a number of 3- and 2,(j-substituted
fluorenc derivatives. The ultraviolet absorption spectra of these compounds are discussed in relation to the resonance inter-
action of a substituent at the 3- and as compared to the 2-position of fluorene.

Direct substitution by electrophilic reagents in
the polynuclear hydrocarbon fluorene usually in-
volves the 2-position.c/-3Further reaction affects the
7-, and also to some extent the 5-position, when the
group inthe 2-position is electron-attracting. On the
other hand, the second substituent enters the 7-,
3-, and 1-positions, in order of decreasing quantita-
tive importance, if the 2-positions contain an elec-
tron-donating substituent. Therefore, only the 2-
monosubstituted and the 2,7-and the 2,3-disubsti-
tuted derivatives of fluorene are readily available
using the hydrocarbon itself as starting material.
Compounds with substituents at the other carbon
atoms are in general prepared by degrading a larger
ring system or by building up the fluorene skeleton.
Fluorenes or fluorenones with a substituent in the
3-position have been synthesized from properly
substituted 2-aminobenzophenones via a Pschorr
reaction,4 from biphenyl derivatives by ring clo-
sure,Bby elimination of a substituent at the 2-
position in 2,3-disubstituted fluorenes,&6 or by
building up the fluorene ring system from indane

(1) National Institutes of Health, Public Health Service,
U. S. Department of Health, Education and Welfare.

(2) Presented in part before the Division of Organic
Chemistry, at the 131st meeting of the American Chemical
Society, Miami, Florida, April, 1957; abstracts of papers,
p. 69-0.

(3) (a) G. Rieveschl, Jr., and F. E. Ray, Chem. Revs., 23,
287 (1938); (b) E. Sawicki, B. Chastain, and H. Bryant,
J. Org. Chem., 21, 754 (1956).

(4) An excellent review on this topic has recently ap-
peared: DelLos F. DeTar, Org. Reactions, 9, 409 (1957);
E. Ritchie, J. Proc. Roy. Soc. Ar. S. Wales, 80, 33 (1946)
has also described the use of this method.

(5) (a) F. E. Ray and J. G. Barrick, J. Am. Chem. Soc.,
70, 1492 (1948); (b) N. Campbell and W. H. Stafford, J.
Chem. Soc., 299 (1952); (c) K. Alder, K. Heimbach, and
K. Neufang, Ann., 586, 138 (1954); (d) E. K. Weisburger,
J. Am. Chem. Soc., 77, 1914 (1955).

(6) (a) A Eckertand E. Langecker, J. prakt. Chem., 118,
263 (1928); (b) F. E. Bardout, Anales asoc. quim. arg., 19,
117 (1931); (c) M. Hayashi and A. Nakayama, J. Soc.
Chem. Ind., Japan, Suppl, binding, 36, 127B (1933); (d)
A. Barker and C. C. Barker, J. Chem. Soc., 870 (1954);
(e) N. Campbell and N. H. Keir, J. Chem. Soc., 1233
(1955); (f) N. Ishikawa and M. Hayashi, Y0ki Gosei Kagaku
Kydkai Shi, 14, 80 (1956), 15, 202~(1957); (g) N. Ishikawa,
M. Okazaki, and M. Hayashi, YOki Gosei Kagaku Kyokai
Shi, 16, 34 (1958).

derivatives.7 The problem of the synthesis of 3-sub-
stituted fluorenes thus hinges on the development
of satisfactory methods for the preparation of the
crucial intermediates. This paper presents a simple
procedure leading to 2,5-biphenyldicarboxylic
acid, which can be converted readily into 9-oxo-3-
fluorenecarboxylic acid. This compound and the
corresponding fluorene derivative have been found
useful for the further preparation of 3-fluorenamine
and of a number of 2,6-disubstituted fluorenes.

The reaction of 2,5-xylylmagnesium bromide with
cyclohexanone furnished the readily dehydrated
I-(2,5-x3dyl)cyclohexanol. Hjdrohrsis of the Gri-
gnard reaction mixture had to be performed by
saturated ammonium chloride rather than by an
acid solution if dehydration of some of the tertiary
alcohol were to be avoided. However, the ease with
which loss of water occurred under the influence of
hydrogen ion facilitated the preparation of the
desired 1-(2,5-xylyl)cyclohcxene in a single step
without isolating the intermediate cyclohexanol.

The isomeric 3-(2,5-xylyl)cyclohexene was pre-
pared by an adaptation of the method used by

(7)  cf. H. Bryant and E. Sawicki, J. Org. Chem., 21, 1322

(1956) for pertinent references.
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Biggerstaff et al..* namely reaction of 2,5-xylyl-
magnesium bromide with 3-bromocyclohexene.
For the purpose of comparative studies of the
spectra in this series of compounds the correspond-
ing saturated (2,5-xylyl)cyclohexane was also syn-
thesized by the alkylation of cyclohexene with p-
xylene. Curiously, both the wave lengths of maxima
of absorption in the ultraviolet and the molar extinc-
tion coefficients at the maxima are very similar for
all three compounds (Fig. 1). This is not the case

WAVELENGTH (m/i)
Fig. 1L Ultraviolet absorption spectra of; --—------ 2-

cyclohexyl-1,4-dimethylbenzene,-------- I-(2 5-xylyl)cyclo-
hexene, and---------- 3-(2,5-xylyl)cycohexene

with the corresponding phenylcyclohexane and
cyclohexenes®which suggests that the methyl group
in the 2-position interferes with the planarity of the
exocyclic (to the aromatic ring) double bond in 1-
(2,5-xylyl)cyclohexene. Molecular models show
that the methyl group at the 2-position prevents a
planar configuration of the double bond in relation
to the aromatic ring. Carlin and Landerl% and
Carlin and Constantinehave also concluded that a

(8) W. R. Biggerstaff, A P. Menditto, and |. Yokoyama,
J. Org. Chen., 19, 934 (1954).

(9) (a) E. L. Eliel, J. W. McCoy, and C. C. Price, 7.
Org. Chem., 22, 1533 (1957); (b) R. B. Carlin and H. P.
Landerl, ./. Am.. Chem. Soc., 75, 3969 (1953); (e) R. B. Car-
lin and D. A Constantine, J. Am. Chem. Soc., 69, 50 (1947).
We are indebted to the reviewers of this paper for drawing
our attention to references 9b and 9c.
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methyl group in the 2-position can interfere with the
planarity of the molecules; this is reflected in their
physical properties. A comparison of the refractive
indices in this series of compounds (cf. Experimental
section and reference 9a) supports this concept.

Dehydrogenation of either the 1- or 3-cyclohexene
derivative to give 2,5-dimethylbiphenyl proceeded
readily with sulfur at 220-240° as an exothermic
reaction. In two cases the reaction was followed by
collecting the evolved hydrogen sulfide, which was
obtained in a quantitative yield. However, the
recovery of 2,5-dimethylbiphenyl was only 50-
60%, and the balance of the material was a non-
distillable, somewhat viscous residue. Further study
of this reaction might be of some interest. Johnson®
noted recently that dehydrogenations performed
with a mixture of sulfur and palladium-on-charcoal
facilitated the reaction and gave somewhat higher
yields than with sulfur alone. Another method, de-
hydrogenation with chloranil, was considerably
more cumbersome and did not lead to improved
yields.

The permanganate oxidation of 2,5-dimethylbi-
phenyl was a slow process owing to the relative
insolubility of the hydrocarbon in the aqueous
oxidation system. Afair proportion of the compound
was recovered unchanged even after a long reaction
period (10 hours). Attempts to obviate the dif-
ficulty by addition of a solvent, pyridine, were only
moderately successful. The oxidation was more
rapid and all of the added hydrocarbon was oxidized.
However, a considerable excess of permanganate
was required, since pyridine itself was attacked
under the conditions of the reaction. In addition,
the resulting 2,5-biphenyldicarboxylic acid was not
as pure as that obtained by oxidation without the
added solvent.

Bing closure of 2,5-biphenyldicarboxylic acid to
yield 9-oxo-3-fluorenecarboxylic acid was performed
with polyphosphoric acid. The Wolff-Kishner re-
duction of the fluorenone derivative proceeded at
an unusually low temperature. Gas evolution started
at 120°, and was substantial at 140°. This might be
the result of a strong electron-attracting group, the
carboxyl ion, in a para position to the ketone func-
tion.

3-Fluorenecai'boxvlic acid was readily converted
to 3-fluorenamine via the diacetyl derivative in a
modified Curtius reaction, which had been suc-
cessfully used with another fluorenecarboxylic acid
under analogous conditions,1land where the normal
Curtius procedure failed owing to the difficulty in
securing hydrolysis of the intermediary urethan.
The more direct Schmidt reaction likewise was
unsuitable, probably owing to concomitant sulfo-
nation. The sequence of reactions described thus
furnishes another approach leading to 3-fluoren-

(10) E. A Johnson, J. Chem. Soc., 4155 (1957).
(11) E. K. Weisburger and J. H. Weisburger, J. Org.
Chem., 18, 864 (1953).
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amine, a compound of some interest in cancer re-
search.l2 In addition, certain 2,3-disubstituted
fluorenes can be derived from this amine, since the
amino group facilitates further substitution in the
same ring.

3-Fluorenecarboxylic acid, on the other hand,
could be made the starting point for some 2,6-di-
substituted fluorenes, since the carboxyl function
hinders substitution in the same ring, and thereby
directs the entering group into the unsubstituted
ring. In concordance with the expected reactivity
of the fluorene molecule, nitration occurred mainly
at the 7-position, yielding 3,7-(or 2,6-)disubstituted
derivatives. Proof that the substitution had
occurred at the 7-position was adduced from the
fact that 2-nitrofluorene was obtained from the
deamination of 7-nitro-3-fluorenamine, itself derived
from 7-nitro-3-fluorenecarboxylic acid. These meth-
ods have permitted the synthesis of a number of
2,6-disubstituted fluorenes (I) bearing a variety of
functional groups. Heretofore, only 2-nitro-6-
bromofluorene@and the corresponding fluorenone, &
and 2,6-diaminofluorenone@had been available.

The ultraviolet spectra of 3-substituted fluorenes
exhibit a characteristic arrangement of triple
peaks, which also persists in 2,6-disubstituted
derivatives (Figs. 2 and 3). This can be tentatively

Fig. 2. Ultraviolet absorption spectra of:
hydroxy-2-fluorenyl)acetamide,-------- 3-fluorenol,-----------
7-amino-3-fluorenol, and — ¢ — 3-fluorenecarboxylic acid

ascribed to the fact that the 3-position of fluorene
is somewhat independent of the main resonance
interactions in this hydrocarbon which involve the
extended biphenyl system, i.e. the 2- and 7-
positions. Therefore, a substituent (carboxyl,
amino, hydroxyl, amido) which can participate in
electron exchanges located in the 3-position might
give rise to a supplementary disturbance of the

(12) E. K. Weisburger and J. H. Weisburger, Advances
in Cancer Research, 5, 331 (1958).
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Fig. 3. Ultraviolet absorption spectra of; 2,6-
fluorenediamine,---------- N,A”-2,6-fluorenylenebisacetam-
ide, and — « — AF3-fluorenyldiacetamide

electron field which would be reflected in the
ultraviolet spectra as an additional maximum.
I
R R' R R'

no. COOH NH,, NHCOCH,,

NOj coc1 NH, NH,

NOi CON-, NHCOCH, NHCOCHa

NO2  N(COCH»2  NO, OH

no?2 nh. nh2 OH

NO» NHCOCHSs NHCOCH:, OH

Where the substituent does not provide a sizable
electron interchange, as is the case with the diacet-
amide (Fig. 3), the spectrum does not show a triple
peak, and indeed, is quite similar to that of fluo-
rene.BBParallel correlations exist in the case of N-2-
fluorenyldiacetamide, which also has a spectrum
not unlike that of fluorene. A general lack of res-
onance interactions of the functional group in di-
acetamides is also evidenced by their relatively low
melting points and high solubilities in organic sol-
vents.

EXPERIMENTAL

The melting points were determined in a capillary tube
and are uncorrected. The ultraviolet spectra were recorded
by Mr. P. H. Grantham on a Cary recording spectrophotom-
eter as 0.05-millimolar solutions in ethanol, and the infrared
spectra on a Perkin-Elmer spectrophotometer, Model 21,
as solids in potassium bromide disks. We are indebted to
Dr. W. C. Alford, and Mr. R. Koegel, and their staffs, for
the microanalyses.

I-{2,5-Xylyl)cyclohexanol. A Grignard reagent was pre-
pared in 15 hr. in a nitrogen atmosphere from 25 g. of mag-
nesium and 185 g. (1 mole) of 2-bromo-I1,4-dimethylbenzene

(13) R. A Friedel and M. Orchin, Ultraviolet Spectra of
Aromatic Compounds, John Wiley and Sons, New York,
1951, spectrum Number 311.
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(Eastman Kodak Organic Chemical No. 4670) in 500 ml.
of distilled anhydrous ether. A few crystals of iodine were
required to initiate the reaction, which was vigorous. A
solution of 98.1 g. of redistilled cyclohexanone in 300 ml. of
ether was added, with stirring, to the Grignard reagent at
the boiling point over a period of 40 min., and refluxing was
continued for 4 hr. longer. After hydrolysis with saturated
ammonium chloride solution, the solvent was distilled off.
The residue was fractionated at 0.5 mm. pressure using a 30-
cm. long Widmer column. The fraction boiling at 85 to
120°, 1.5370, was a light yellow viscous liquid weighing
110 g. Rcdistillation of a sample through a 15-cm. Vigreux
column gave a constant boiling fraction, b.p. 119-120°
(0.5 mm.), na 15410, d% 1.0030. Ultraviolet spectrum:
Am, 2635 (f = 381) inflection point, 269 (¢ = 511), and
277 my 0 = 492); Mnia 243.5 (== 167), and 274 my (e =
381).

Anal. Calcd. for Cj4HZOD: C, 82.30; H, 9.87. Found: C,
82.16; H, 9.91.

WEISBURGER AND WEISBURGER
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wise over a period of 75 min. Stirring was continued for
another 75 min. The sulfuric acid was decanted and the
organic layer washed rapidly with 25 ml. of cold sulfuric
acid, water, 3% sodium hydroxide solution, and water.
Upon distillation p-xylene (194 g.), b.p. 134-135.5° was
recovered. Further distillation at 1 mm. pressure gave 84 g.
of a colorless liquid, b.p. 80-120° and a solid residue in the
still. Redistillation of the liquid gave 25 g. of a forerun, b.p.
77-98° (1 mm.), nZ2 15253, and 55 g. of pure 2-cyclohexyl-
1,4-dimethylbenzene, b.p. 98-100° (1 mm.), nZ 15262, dZ
0.926. Ultraviolet spectrum: max. 262 (e = 385,) 268 (e =
564), 270 (e = 511), and 276 my (e = 632); min. 237 (<=
34), 263.5 (e = 380), 270 (« = 506), and 274 my (e = 367).
Bodroux# reported the following physical constants for
this compound: b.p. 261-263° (759 mm.), »j 1529, dB
0.936.

This compound could not be aromatized with sulfur under
the condition where the cyclohexene derivatives were
smoothly converted to biphenyls.

1- (25-Xylylcyclohexene. A. Concentrated hydrochloric Anal. Caled. for C¥HZA C, 89.29; H, 10.71. Found: C,

acid (0.5 ml.) was added to a boiling solution of 50 g. of the
cyclohexanol derivative in 100 ml. of acetic acid. A slightly
exothermic reaction was accompanied by seme darkening.
The mixture was refluxed 15 min. longer, then subjected
to vacuum distillation through a 30-cm. Vigreux column.
The fraction (40 g.) boiling between 70 and 95° (0.5 mm.)
was I-(2,5-xylyl)cyclohexene, n28 1.5355. Refractionation of
a sample gave a colorless mobile liquid, b.p. 84° (0.5 mm.),
na 15362, dB80.9241. Ultraviolet spectrum: max. 269 (e =
600), and 276 my (e = 600); min. 264 (e = 550), and 273.5
my (e = 514).

Anal. Calcd. for Ci4H18 C, 90.26; H, 9.74. Found: C,
90.15; H, 9.95.

B.  This compound was obtained directly from the Gri-

gnard reaction without isolation of the intermediate cyclo-
hexanol as follows: The Grignard reaction mixture was
hydrolyzed with dilute hydrochloric acid. After removal of
the ether by distillation, the residue was fractionated at 0.5
mm. pressure through a 30-cm. Widmer column. However,
the distillation was stopped when the vapor at the top of
the column reached 45°. The pot contents from a 1-mole
scale reaction were diluted with 150 ml. of acetic acid, the
solution heated to the boiling point, and 1 ml. of concen-
trated hydrochloric acid was added. After the initial vigor-
ous reaction subsided, the mixture was refluxed for 0.5 hr.,
cooled, and then subjected to fractional vacuum distillation
in the same equipment. The fraction (109 g.), with a boiling
point of 80-90° (0.5 mm.), n™ 1.5340, was allowed to stand
overnight over solid potassium hydroxide pellets. Refrac-
tionation through the 30-cm. Widmer column gave 94 g.
(0.5 mole) of a colorless liquid, b.p. 80-86° (0.5 mm.), w3
1.5358, identical to the material obtained above.

S-(2,5-Xylyl)cyclohexene. Over a period of 3 hr., a Gri-
gnard reagent (17 g. of magnesium, 119 g. of 2-bromo-I,4-
dimethylbenzene, 500 ml. of ether) was dropped into a
stirred refluxing solution of 102 g. of 3-bromocyclohexene
in 140 ml. of ether and refluxing was continued for another
4 hr. After hydrolysis by the slow addition of 550 ml. of
1.6V hydrochloric acid, the ether layer was separated and
washed. The solution was fractionated at 0.5 mm. pressure.
A forerun -weighing 42 g., b.p. to 65°, was composed of p-
xylene and unchanged 3-bromocyclohexene. The main
fraction, b.p. 65-120° (0.5 mm.), wt. 60.1 g., was redistilled
to give 49.5 g. or 51% (based on the 85% vyield of Grignard
reagent) of a colorless oily product, b.p. 90-110° (0.5 mm.),
nT 1.5435, dZ 0.930. Ultraviolet spectrum: max. 263 (e =
480), 267.5 (e = 654), and 276.5 my (e = 680); min. 253
(e = 313), 264 (e = 476), and 274 my (e = 465).

Anal. Calcd. for CiHi8 C, 90.26; H, 9.74. Found: C,
90.55; H, 9.16.

2-  Cyclohexyl-l,4-dimethylbenzene. To a stirred and
cooled mixture of 25 ml. of concentrated sulfuric acid and
370 ml. of p-xylene, 102 ml. of cyclohexene was added drop-

89.70; H, 10.98.

The still residue -wes dissolved in 220 ml. of hot acetic
acid. On cooling 20 g. of material, m.p. 145-150°, crystal-
lized. Two recrystallizations from 150 ml. of acetic acid gave
135 g of l,4-dicyclohexyl-2,5-dimethylbenzene, m.p. 157°
(lit.¥m.p. 156-157°).

Anal. Calcd. for CZH3; C, 88.82; H, 11.18. Found: C,
88.62; H, 10.92.

2,5-Dimethylbiphenyl. A. By dehydrogenation of S-(2,5-
xylyl)cyclohexene with sulfur. A mixture of 14.5 g. (78 mM.)
of 3-(2,5-xylyl)cyclohexene and 5.9 g. of sulfur was heated
in a slow stream of nitrogen. The gas was scrubbed in traps
containing an acidified solution of copper sulfate. Evolution
of hydrogen sulfide commenced when the reaction mixture
reached a temperature of 180° and was rapid at 210°. The
temperature rose spontaneously to 245° and was then main-
tained near the boiling point of 270° for 20 min. longer. A
quantitative yield of copper sulfide (14.7 g.) was obtained
in the traps. Upon vacuum distillation of the pot contents,
83 g. (45 mM.) of 2,5-dimethylbiphenyl distilled at 106-
115° (2 mm.) as a colorless liquid, n21 1.5785. Upon refrac-
tionation a sample had a b.p. 107-109° (2 mm.), n22 1.5800,
and dZ0.9814. The ultraviolet spectrum had a maximum at
238 mu (e = 9,180), an inflection point at 275 m/x (c =
1,080), and a minimum at 231 m# (e = 8,400).

Anal. Calcd. for CH14 C, 92.26; H, 7.74. Found: C,
92.03; H, 7.89.

B. By dehydrogenation of I-(2,5-xylyl)cyclohexene with sul-
fur. A mixture of 94 , (0.5 mole) of I-(2,5-xylyl)cyclo-
hexene and 35 g of sulfur was slowly heated and main-
tained at the boiling point for 0.5 hr. The cooled mixture
was distilled in vacuo through a Claisen head giving 72 g.
of a colorless liquid, b.p. 80-110° (0.5 mm.), n28 1.5795.
Redistillation through a 30-cm. Vigreux column yielded
50 g. (0.27 mole) of 2,5-dimethylbiphenyl, b.p. 88° (0.5
mm.), nB 1.5758.

C. By dehydrogenation of I-(2,5-xylyl)cyclohexene with
chloranil. A solution of 63 g. of chloranil and 19.2 g. (103
mM.) of I-(2,5-xylyl)cyclohexene in 200 ml. of xylene was
refluxed for 5.5 hr. The precipitate obtained on cooling to
4° was filtered off and washed twice with xylene. The
combined filtrate and washings were diluted with 250 ml.
of ether and extracted repeatedly with 5% potassium
hydroxide solution and water. The dried ether solution was
distilled and the residue was fractionated to give 10.2 g. of
a slightly yellowish liquid, b.p. 88-90° (0.5 mm.), n“
1.5718. This material, diluted with 50 ml. of petroleum
ether, was percolated through a 2 X 15 cm. column of alu-
mina. The column was washed with petroleum ether and 250
ml. of eluate was collected. Upon distillation 8.2 g. (45%)

ice-

(14) D. Bodroux, Ann. chim. (Paris),
(1929).

[10], 11, 511
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of colorless 2,5-dimethylbiphenyl, b.p. 78-80° (0.4 mm.),
nS 1.5725 was obtained.

2,5-Biphenyldicarboxylic add. A. Without solvent. The
procedure was patterned after that described for o-chloro-
benzoic acid. 55 A well stirred suspension of 45.1 g. of 2,5-
dimethylbiphenyl in a solution of 158 g. of potassium
permanganate in 4 1 of water was kept under gentle reflux
for 10 hr. at which time the permanganate was exhausted.
The mixture was allowed to cool to 70°, then was extracted
3 times with 100 ml. of benzene which removed 16 g. of un-
oxidized material (35%). Steam distillation was impractical
owing to the slow rate of distillation of 2,5-dimethylbipheny!.
The aqueous phase was filtered by suction, and the precipi-
tate of manganese dioxide was washed 3 times with a total
of 11 of hot water. Acidification of the filtrate and cooling
to 4° gave 29 g. of white 2,5-biphenyldicarboxylic acid
(74% vyield based on the amount of material oxidized),
m.p. 278°. Recrystallization of 134 mg. by solution in 3.5
ml. of ethanol and addition of 15 ml. of hot water gave 96
mg. of -white crystals, m.p. 280°. Ultraviolet spectrum:
max. 230 (e = 24,000), and 295 my (e = 2,400); min. 217
(t = 19,500), and 280 mu (e = 2,100).

Anal. Calcd. for CuHmCL: C, 69.42; H, 4.16. Found:
C, 69.78; H, 4.30.

B. With solvent. To a stirred and boiling solution of 56 g.
of 2,5-dimethylbiphenyl in 610 ml. of pyridine a hot solution
of 325 g. of potassium permanganate in 3.2 1 of water
was added over a period of 105 min. The permanganate
solution was kept hot in order to prevent crystallization of
the material. After 75 min. of gentle refluxing 1 I. of hot
water was added and the mixture was filtered by suction.
The precipitate was reextracted twice with a total of 2 1 of
boiling 0.3% potassium hydroxide solution. The combined
colorless filtrates were reduced in volume to about 2 1
Acidification and cooling afforded 57 g. (75%) of powdery
white material, m.p. 267-269°.

3-Fluorenecarboxylic acid. A mechanically stirred suspen-
sion of 20.4 g. of 2,5-biphenyldicarboxylic acid in 630 g. of
polyphosphoric acid was heated to 200° over a period of 0.5
hr. Upon cooling to 100° ice was added to a volume of 2 1
The filtered yellow precipitate was dissolved in a warm solu-
tion of 7 g. of sodium hydroxide in 1.81. of water and treated
with 1 g. of Norit for 1 hr. Acidification of the filtered solu-
tion gave 17.3 g. (97%) of 9-oxo-3-fluorenecarboxylic acid,
m.p. 299° (lit.60 304°).

A solution of 14 g. of this compound, 5 g. of sodium
hydroxide, and 19 ml. of 85% hydrazine hydrate in 120 ml.
of diethylene glycol was refluxed for 1.5 hr. A considerable
evolution of gas occurred between 120 and 140° (the liquid
temperature at the boiling point was 150°). The reaction
mixture was diluted with 1 1 of water and neutralized with
75 ml. of 6N hydrochloric acid. The precipitate and 1.2 g.
of Norit in 800 ml. of 1.4% sodium bicarbonate solution was
refluxed 0.5 hr. The filtered solution was neutralized with 100
ml. of 3.V hydrochloric acid to give a white powder (11.5
g., 88%), m.p. 224°. Recrystallization of 450 mg. from 4.5
ml. of acetic acid yielded 340 mg. of 3-fluorenecarboxylic acid
m.p. 227-228° (lit.6 230°).

3-Fluorenamine. The acid chloride, m.p. 121-122°, was
prepared from 2 g. of 3-fluorenecarboxylic acid by refluxing
with thionyl chloride. A solution of 0.75 g. of sodium azide
in 5 ml. of water was added to an ice-cold solution of the
acid chloride in 75 ml. of acetone and stirred for 3 hr. Dilu-
tion with water gave 2.16 g. of 3-fluorenecarbonyl azide,
m.p. 94° (dec.). The azide was refluxed in 25 ml. of acetic
anhydride, yielding 2.3 g. of N-3-fluorenyldiacetamide, m.p.
143-144°, after crystallization from benzene-petroleum
ether. Ultraviolet spectrum: max. 262 (¢ = 19,800), 292
(c = 6,400), and 303 mM(e = 8,800); min. 236 (c = 7,800),
287 (e = 4,800), and 297 mM(< = 5,400).

(15) H. T. Clarke and E. R. Taylor ora. Syntheses Coll.
Vol. 11, 135 (1943).
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Anal. Calcd. for CnHENO2 C, 76.95; H, 5.70. Found:
C, 76.79; H, 5.69.

Hydrolysis of the diacetamide in 1:1 ethanol-6iV hydro-
chloric acid afforded 3-fluorenamine, m.p. 149-151° (lit.&d
152-153°). The over-all yield of amine from the acid was
90%. Acetylation of the amine in benzene yielded N-3-
fluorenylacetamide, m.p. 189-190° (lit.bd 189-190°). Con-
version of the amine to 3-fluorenol by standard procedures
gave a product, m.p. 138° (lit.687m.p. 137-138°).

2-Nitro-3-fluorenamine. A-3-Fluorenylacetamide (1 g.) in
20 ml. of acetic acid was nitrated by the addition of 2.2 ml.
of concentrated nitric acid (d = 1.42) and heating to 65°.
On cooling 1 ,. of bright lemon yellow needles, m.p. 210°,
crystallized. Recrystallization from ethanol gave N-(2-
nitro-3-fluorenyl)acetamide, m.p. 210-210.5°. Ultraviolet
spectrum: max. 218 (e = 21,200), 238 (t = 15,300), 266
(e = 11,800), and 338 m” (e = 12,000); min. 232 (e =
14,800), 255 (e = 10,600), and 284 mp (e = 5,300).

Anal. Calcd. for CEHINZ3: C, 67.15; H, 4.51. Found:
C, 67.41; H, 4.65.

Hydrolysis in ethanol-hydrochloric acid yielded 2-nitro-
3-fluorenamine, light orange needles, m.p. 195°. Ultraviolet
spectrum: max. 227 (e = 16,600), 243 (« = 14,500) (inflec-
tion point), 330 (« = 14,600), and 425 mu (e = 7,400);
min. 223 (i = 16,500), 285 (e = 4,100), and 378 mM(e =
4.200) .

Anal. Calcd. for CIHIN202 C, 69.01; H, 4.46. Found:
C, 68.91; H, 4.43.

Low pressure catalytic reduction of 2-nitro-3-fluoren-
amine in ethanol over platinum oxide gave 2,3-fluorene-
diamine, m.p. 192°, identical in melting point and infrared
spectrum with an authentic sample prepared by the reduc-
tion of 3-nitro-2-fluorenamine.@

7-Nitro-3-fluorenecarboxylic acid. A solution of 75 ml. of
yellow fuming nitric acid (d = 1.50) and 18 g. of 3-fluorene-
carboxylic acid in 360 ml. of acetic acid was warmed to 85°
whereupon the reaction occurred. Upon cooling 15.5 g. of
yellow fluffy needles, m.p. 285°, crystallized. Recrystal-
lization from acetic acid (60 ml./g.) and from ethanol gave
pale yellow needles, m.p. 305°. Ultraviolet spectrum: max.
245 (c = 11,400), and 324 my (e = 14,500); min. 268 m\i
(e = 3,100).

Anal. Calcd. for CHHINO4 C, 65.88; H, 3.55; N, 5.49.
Found: C, 65.57; H, 3.99; N, 5.38.

7-Nitro-S-fluorenamine. Fourteen grams of 7-nitro-3-
fluorenecarboxylic acid was converted to the acid chloride,
m.p. 163-167°, with thionyl chloride. Reaction of the acid
chloride in 950 ml. of acetone with 5 g. of sodium azide in
25 ml. of water yielded 15 g. of the azide, m.p. 143-145°. The
azide was refluxed for 3 hr. in 250 ml. of acetic anhydride
to give 15 g. of N-(7-nitro-8-fluorenyl)diacetamide, m.p. 198-
198.5° after crystallization from benzene-ethanol. Ultra-
violet spectrum: max. 324 my (e = 21,200); min. 263 m*
(e = 3,400).

Anal. Calcd. for C,,HhN24: C, 65.79; H, 4.55; N, 9.03.
Found: C, 65.66; H, 4.86; N, 9.06:

Hydrolysis of 14 g. of the diacetamide by refluxing for 4
hours in 1:1 ethanol and 6N hydrochloric acid gave 11 g. of
reddish-orange 7-nitro-3-fluorenamine, 6 m.p. 192-195°.
Repeated recrystallizations from benzene, or percolation of
a benzene solution through a column of alumina followed by
crystallization, raised the melting point to 210°. Ultra-
violet spectrum: max. 327 (e = 10,200), and 290 my (e =
6.200) (inflection point); min. 260 my (t = 4,600). After
reaching the peak at 327 my the spectrum exhibits a long
shallow curve (minor inflection point about 358 ium) and
shows appreciable absorption even beyond 400 my.

Anal. Calcd. for CIHIN202: C. 69.01; H, 4.46; N, 12.39.
Found: C, 69.07; H, 4.77; N, 11.98.

(16) Removal of the amino group (diazotization followed
by hypophosphorous acid) yielded 2-nitrofluorene, m.p. 150°,
with an infrared spectrum identical to that of authentic
2-nitrofluorene.
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The acetyl derivative, N-{7-nitro-3-fliwrenyl)acetamide, pre-
pared by the action of acetic anhydride in benzene, melted
at 260-260.5° after recrystallization from 60% aqueous
acetic acid. Ultraviolet spectrum: max. 230 (e = 22,000),
260-265 (e = 11,200) (inflection point), and 340 (f =
13,600); min. 219 (<= 18,000), and 281 mH(> = 4,600).

Anal. Calcd. for CIHIND 3 C, 67.15; H, 4.51. Found:
C, 66.74; H, 4.69.

N-{7-Amino-3-fluorenyl)acetamide. Low pressure (40-50
p.s.i.) hydrogenation in ethanol over platinum oxide of 0.2
g. of the nitro derivative gave 0.12 g. of white crystals, m.p.
212.5-213.5°, after crystallization from 50% ethanol and
from benzene. Ultraviolet spectrum: max. 219 (e = 27,800),
251 (e = 24,200), 290 (e = 19,900), and 323 my(e = 10,900)
(inflection point); min. 236 (e = 16,300), and 269 mu (e =
12,500).

Anal. Calcd. for CAHnNiO: C, 75.60; H, 5.92. Found:
C, 75.42; H, 6.02.

2,6-Fluorenediamine. Catalytic reduction (ethanol, plati-
num oxide) of 0.35 g. of 7-nitro-3-fluorenamine afforded
0.17 g. of an almost white product, m.p. 153-154.5°, after
2 crystallizations from 50% ethanol and one from benzene.
Ultraviolet spectrum: max. 214 (e = 25,800), 247 (e =
11,800), 284 (e = 13,500), and 300 mM(e = 9,400); min. 237
(e = 9,800), 264 (e = 7,800), and 316 mu (e = 7,200).

Anal. Calcd. for CIHIN2 C, 79.56; H, 6.17. Found:
C, 79.36; H, 6.40.

The diacetyl derivative, N,N'-2 fi-fluorenylerebisacetamide,
prepared with acetic anhydride in benzene, melted at 277-
278°, after crystallization from ethanol. Ultraviolet spec-
trum: max. 217 (e = 29,600), 253 (« = 25,600), 280 (« =
23,000), 289 (e = 23,400), 309.5 (e = 15,500), and 322 mM
(<= 18,400); min. 234 (« = 14,400), 267 (e = 17,600), 283
(e = 22,800), 304.5 (e = 13,600), and 313 my (e = 14,600).

Anal. Calcd. for C,HIBND 22 N, 10.00. Found: N, 9.62.

7-Nitro-3-flu.orenol. The outcome of the reaction described
below is materially affected by the experimental conditions.
The best procedure was found to be as follows: 7-Nitro-3-
fluorenamine (1 g.) was dissolved by warming in a mixture
of 25 ml. of acetic acid and 10 ml. of water. A thick mush
formed upon cooling in an ice bath and adding 25 ml. of
concentrated sulfuric acid. A solution of 0.4 g. of sodium
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nitrite in 10 ml. of water was stirred in, causing most of the
precipitate to dissolve. After another 1.25 hr., the diazonium
solution was dropped over a period of 15 min. into a reflux-
ing solution of 100 ml. of water, 10 ml. of sulfuric acid, and
20 ml. of acetic acid. The mixture was poured on ice after
an additional 15 min. The crude yellow material, 0.95 g.,
m.p. 247°, was twice recrystallized from 65% ethanol
(Norit) to give 0.59 g. of fine yellow7 needles, m.p. 257°.
Ultraviolet spectrum: max. 271 (e = 8,500), and 349 my
(e = 18,600); min. 251 (e = 6,500), and 281 my (« =
5,600).

Anal. Calcd. for CHNO3I3 C, 68.72; H, 3.99; N, 6.17.
Found: C, 68.45; H, 4.12; N, 6.39.

7-Amino-3-fluorenol. Catalytic reduction (platinum oxide)
of 0.48 g. of 7-nitro-3-fluorenol in ethanol gave 0.41 g. of
amine, m.p. 248° (dec.). Recrystallization of 65 mg. of
product from 30 ml. of 50% aqueous ethanol yielded 60 mg.
of small white needles, m.p. 255° (dec.). Ultraviolet spec-
trum: max. 212 (e = 32,700), 243 (e = 7,100) (inflection
point), 281 (¢ = 15,700), 302 (e = 13,200), and 324 mu
(c = 11,800); min. 253 (e = 3,600), 295 (e = 12,200), and
316 my (e = 11,000).

Anal. Calcd. for CiHNNO: C, 79.16; H, 5.62. Found:
C, 78.69; H, 5.60.

N-(6-Hydroxy-2-fluorenyl)acetamide. A hot solution of 0.4
g. of 7-amino-3-fluorenol in 50 ml. of 0.1A hydrochloric
acid was filtered and cooled. After the addition of 3 g. of
sodium acetate and 4 ml. of acetic anhydride the mixture
was stirred in an ice bath for 5 hr. The white precipitate,
0.46 g., m.p. 238° was recrystallized twice from 30%
aqueous ethanol giving 0.34 g. of fine needles, m.p. 241°.
Further crystallization from aqueous ethanol and xylene
raised the melting point to 246°. Ultraviolet spectrum:
max. 240 (e = 10,500) (inflection point), 277 (e = 23,100),
284 (f = 23,400), 310 (e = 18,000) (inflection point); and
322 mM(e = 22,200); min. 252 (e = 5,600), 279 (e = 22,900),
and 295 mlu (« = 14,800).

Anal. Calcd. for CEHINO2 C, 75.29; H, 5.48. Found:
C, 75.31; H, 5.55.

Bethesda 14, Md.

[Contribution from the Forest Products Laboratory, University of California]

Extractive Components from Incense Cedar Heartwood (Libocedrus decurrens
Torrey). VI. On the Occurrence of 3-Libocedroxythymoquinone

EUGENE ZAVARIN

Received April 7, 1958

A new quinoid pigment has been isolated from the heartwood of incense cedar and its structure deduced on the basis of
the presented spectroscopic, degradative, and synthetic experimental evidence. It has been demonstrated that the isolated
quinone occurs in situ as well as forming through air oxidation of the other incense cedar extractives.

During our investigation of the extractive com-
ponents of incense cedar heartwood, Libocedrus
decurrens Torrey,1 the petroleum ether extract of
the sawdust was found to have a reddish color.
This could not be caused by the formation of the
quinquidrone type compounds between the various
phenols present and thymoquinone&since it per-
sisted upon removal of the latter either by distilla-

(1) E. Zavarin and A B. Anderson, J. Org. Chem., 20,
788 (1955).

tion or by conversion to its semicarbazone followed
by extraction with alkali. This indicated the pres-
ence of an unknown coloring matter which prompted
us to investigate this component.

On extracting incense cedar heartwood sawdust
with petroleum ether, a 1.5% yield (dry wood basis)
of a mixture of various components was obtained.
Chromatography on alumina yielded a red fraction

(2) E. Zavarin and A. B. Anderson, J. Org. Chem., 20,
82 (1955).
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which, upon treatment with methanol and cooling,
crystallized to yield 1.6% (0.024% dry wood basis)
of a dark red coloring matter. The resulting material
analyzed for C2H4006 and contained two methoxy
groups. The molecular weight determined by Rast
method agreed with the above formula. The C-
methyl determination pointed to the presence of at
least 6 methyls bonded to carbon.

The ultraviolet and infrared spectra of the com-
pound (Figs. 1 and 2) were similar to those of

m

Fig. 1 Ultraviolet absorption spectra, 3-libo-
cedroxythymoquinone,-------- hydro-3-libocedroxythymo-
quinone,--------- epoxy-3-libocedroxythymoquinone

Fig. 2. Infrared spectrum of 3-libocedroxythymoquinone
libocedroquinone.1 The former showed three in-
flection points at 225, 285, and 450-510 m/z arising
from the benzenoid K-band, benzenoid B-band,s
and the quinoid C-band and two maxima at 267
and 389 mu arising from the quinoid A and B
bands.8 The increase in intensity of the benzenoid
K and B bands seem to indicate the increased pro-
portion of the benzenoid chromophores in the
molecule as compared with libocedroquinone. In
the infrared, in addition to a weaker band at 1645
cm.-1, the compound exhibited a strong carbonyl
band at 1660 cm.-1, and a strong double bond band
at 1620 cm.-1 No band corresponding to hydroxyl
stretching could be detected.

(3) A E. Gillam, E. C. Stern, and E. R. H. Jones, Elec-
tronic Absorption Spectroscopy, Edward Arnold Publishers,
Ltd., London 1954, p. 116.

(4) E. A Braude, J. Chem. Soc., 490 (1945).

EXTRACTIVES FROM INCENSE CEDAR HEARTWOOD. VI
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The compound is readily reduced to the colorless,
amorphous hydroquinone by stannous chloride,
sodium hydrosulfite, or catalytically with hydro-
gen over platinum, or palladium-on-charcoal.
The resulting hydroquinone is again easily oxidized
with ferric chloride to the original compound. The
volume of hydrogen absorbed during hydrogenation
corroborates the figure obtained for the molecular
weight. The ultraviolet absorption spectrum of the
hydroquinone shows a single benzenoid maximum
at 286 m/z (Fig. 1). In infrared, a strong hydroxyl
band is present but no carbonyl band.

This seems to substantiate the quinoid structure
of the red compound and to indicate that the re-
maining two oxygens must be of an ether nature.

Further insight into the structure of the isolated
quinone was obtained by the study of the reaction
of libocedrol (1) with alkaline ferricyanide. The
reaction gave a greenish-yellow solution which,
upon evaporation, yielded a yellow amorphous
solid. After shaking its ethyl ether solution with
10% hydrochloric acid, the organic phase assumed
an intense red coloration and gave, in addition to a
19% vyield of the starting material, 11% of p-
methoxythymol, 4% of libocedroquinone, and 46%
yield of a red quinone which was found to be
identical with the quinone from the heartwood of
incense cedar by mixed melting point and infrared
techniques.

This synthesis, together with information ob-
tained previously, seems to demonstrate that the
red compound is composed of three units each de-
rived from p-methoxythymol. One unit is present
in the form of quinone, the other two units are
benzenoid. The attachment seems to take place
through ether linkages, since the carbon to carbon
bonds would necessitate the presence of the free
hydroxyls which is excluded on the basis of in-
frared evidence. This attachment must also in-
volve the aromatic nuclei or, less likely, the tertiary
positions on the isopropyl groups6; the isopropyl
methyls are too far away and the attachment to the
aromatic methyls is excluded on the basis of the C-
methyl determination. The quinoid nucleus must
carry at least one oxygen in addition to the car-
bonyl oxygens, since according to Braude’s rules4
for the positions of the absorption maxima in
ultraviolet, the bathochromic shift of the quinoid
B band is far too great to be caused by the alkyl
substituents alone. All this leaves nine theoretically
possible formulations for the red quinone.

(5) C. D. Cook, N. G. Nash, and H. R. Flanagan, J. Am.
Chem. Soc., 77, 1783 (1955).
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The application of the nuclear magnetic reso- qunon
nance methods6 narrowed the number of possible A @ I 1 P
structures still further. Several preliminary runs -
on model compounds including p-methoxythymol, RS S
libocedrol, benzoquinone, thymoquinone, 3-bromo-
thymoquinone, and libocedroquinone indicated
that absorption arising from the quinoid hydro- UL L 1 , -
gens falls in approximately the region of the absorp- reowanc M\ SERE™
. . METH
tion of benzenoid hydrogens. Contrary to the  reeweoo soas: ‘
. R s \ QUINOID | vis
benzenoid state, the quinoid state promotes strong HYDROGENY  /
band splitting resulting from the spin-spin coupling \ al/ . | morocen e
of the quinoid hydrogens with the hydrogens in the _ "™""’ Al K
«-position of the chain. Thus, in the case of thymo- H INCREASING o - P
quinone, there resulted a split of quinoid maxima Fig. 3. Nuclear magnetic resonance spectra of various

into 1:1 doublet (hydrogen in the 6 position), and
into 1:3:3:1 quadruplet (hydrogen in the 3 position).
Other quinones fell into the same line. This per-
mits the differentiation between benzenoid and
quinoid hydrogens and, in favorable cases, be-
tween the quinoid hydrogens.

The nuclear magnetic resonance spectrum of the
unknown quinone together with the spectra of some
of the model compounds are reproduced in Fig. 3.
The spectrum bears a great similarity to the spec-
trum of libocedroguinone and shows two isopropyl
doublets, one seems to result from the methyls of
the two isopropyl groups on the benzenoid nuclei
and the other from the methyls of the isopropyl
group on the quinoid nucleus. This is followed by
two peaks resulting from three aromatic methyls,
a multiplet corresponding to the tertiary hydrogens
of the isopropyl groups split by the corresponding
hydrogens from methyl groups, and two peaks
resulting from the hydrogens on two methoxy
methyls. In the aromatic region, we find three
maxima resulting from the hydrogens on the
benzenoid nuclei and one quinoid doublet. The
identification of the quinoid maximum eliminates
formulation Ha which involves a completely sub-
stituted quinoid nucleus. The appearance of this
maximum as a doublet instead as a 1:3:3:1 quad-
ruplet seems to favor the quinone’s being substi-
tuted in the 3 rather than in the 6 position; the
latter needs further substantiation however, in-

(6) W. A Anderson, Phys. Rev., 102, 151 (1956); J. T.

Arnold, Phys. Rev., 102, 136 (1956); L. H. Meyer, A. Saika,
and H. S. Gutowsky, J. Am. Chem. Soc., 75, 4567 (1953).

model compounds and 3-libocedroxythymoquinone. In the
latter case the quinoid peak was resolved into doublet (upper
curve) by using the heated sample in the experiment.

asmuch as the resolution is not entirely satis-
factory. The presence of the three benzenoid hy-
drogen peaks with 1:1:1 intensities seems to exclude
the structures lib, lie, He, and IIf which possess
four benzenoid hydrogens.

When the quinone was reduced to hydroquinone
and heated under reflux with hydrogen bromide in
acetic acid, a 22% vyield of 3-hydroxythymoquinone
was obtained upon oxidizing the resulting mixture
with ferric chloride at room temperature. This ex-
cludes structures Ha, lib, He, IIf, and Ilg which
should not yield this compound.

Of the remaining three structures, structure Ilh
appears to be rather improbable in view of the
nuclear magnetic resonance indications of a free
quinoid hydrogen in 6 position and also because
in the hydrogen bromide cleavage, it would be ex-
pected to yield either 6-hydroxythymoquinone or
a mixture of 6- and 3-hydroxythymoquinone,
whereas pure 3-hydroxythymoquinone was ob-
tained. As far as structure lid is concerned, the
point of attachment of the third p-methoxythymol
derived unit seems to indicate that the rather im-
probable meta coupling had taken place; with struc-
ture 11, the corresponding attachment involves the
same ortho linkage found in libocedrol. Thus, it
would seem that the structure of the isolated pig-
ment should correspond to formulation II.
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The nature of the synthetic sequence leading from
libocedrol to 3-libocedroxythymoquinone can be
rationalized in connection with the work on oxida-
tion of the hindered phenols with alkaline ferricya-
nide done by Mueller, Cook, Waters, and others.
The evidence obtained indicates that an equilibrium
sets in between the ferricyanide and phenoxide ions
on one side and ferrocyanide ion and phenoxy
radical (I11) on the other7 with the latter again
existing in equilibrium with its cyclohexadienone
dimers8(1V, V) (depicted for libocedrol).

Lib' = Libocedroxy radical UK)
R' = Any of the radicals present

The vyellowish, crude, amorphous oxidation
product of libocedrol exhibited in infrared a strong
carbonyl band at 1665 cm.“ 1while the intensity of
the hydroxyl band decreased nearly fivefold;
in ultraviolet in additon to the expected strong
benzenoid B-band at 289 mp, it exhibited two char-
acteristic inflection points at 231 and 328 mp.
This is quite in agreement with the data given by
Mueller for the oxidation dimers of some related
compounds.81In the visible portion of the spectrum
the material exhibited three peaks at 377, 397, and
650 mp with the extinction coefficients increasing
with dilution, temperature, or polarity of the sol-
vent. This suggests the reversible dissociation of the
material into colored components.

The electron paramagnetic resonance studies
indicated the presence of unpaired electrons in the
solid; the intensity of the signal markedly increased
upon dissolving the material in chloroform. This
seems to suggest the free radical nature of the dis-

(7) C. G. Haynes, A. N. Turner, and W. A. Waters,
J. Chem. Sue., 2829 (1956).

(8) E. Mueller, K. Ley, and G. Schlechte, Ber., 90, 2660
(1957); K. Ley, E. Mueller, and G. Schlechte, Ber., 90,
1530 (1957) and preceding papers.
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sociating compounds and substantiates further the
depicted scheme.

Among the several possible cyclohexadienones
existing in equilibrium with the libocedroxy
radicals, structure V may dissociate into p-meth-
oxythymoxy (VII) and 6-libocedroxy-p-methoxy-
thymoxy radicals (VI) also. Once formed, the p-
methoxythymoxy radicals will irreversibly dimerize
to give libocedrol.9 The 6-libocedroxy-p-methoxy-
thymoxy radicals, on the other hand, should as-
sociate with the other radicals largely to give the
corresponding  2,5-cyclohexadienones  (V111),D0
which, being ketals, should easily hydrolyze upon
acidification to 3-libocedroxythymoquinone.ll The
preferential formation of libocedroquinone in ferric
sulfate oxidation of libocedrollcan be explained by
the acidic conditions forcing the formed, 2,5-cyclo-
hexadienone to hydrolyze before p-methoxythy-
moxy substituent had time to exchange.

Oxidation of the isolated quinone with alkaline
hydrogen peroxide resulted in formation of the
corresponding quinone mono-epoxide which was
stable to treatment with strong acids. It represents
a convenient derivative for characterization of the
compound.

Treatment of the quinone with semicarbazide
hydrochloride did not result in formation of the
semicarbazone. Libocedroquinone gave a very good
yield of the adduct under these conditions. Origi-
nally this was held to support structure Ha.
Examination of the molecular models revealed, how-
ever, that in the case of structure Il, ring C with
its side chains can also interfere sterically with the
carbonyl of ring A.

Attempts to prepare the p-nitrobenzoate ester of
hydro-3-libocedroxythymoquinone resulted in iso-
lation of yellow materials that could not be induced
to crystallize. Extension of the heating time con-
verted the material into mixtures consisting largely
of the original quinone.

In connection with isolation of 3-libocedroxythy-
moquinone from incense cedar heartwood, the
question might be posed as to whether the com-
pound is present in the wood, in situ, or whether it
was formed during the process of isolation. To
resolve this point, fresh green incense cedar heart-
wood was cut cross grain into three slabs. These
slabs were immediately extracted with petroleum
ether in nitrogen atmosphere and protected from
direct light. The extract was stored under nitrogen
at —b°. Chromatography of the extract gave a

(9) E. Zavarin and A. B. Anderson, J. Org. Chem., 22,
1122 (1957).

(10) The 2,5-cyclohexadienones should exist preferenti-
ally over 2,4-cyclohexadienones in the equilibrium mixture
because of the known enhanced stability of the p-quinoid
system and in this case, also, on sterical grounds.

(11) p-Methoxythymoxy radical could also participate in
formation of various cyclohexadienones. The 2,5-cyclo-
hexadienones would be expected to be particularly stable
to redissociation. This would be one way of explaining the
occurrence of p-methoxythymol in the reaction products.
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fraction in which the above quinone could be
identified. The amount of the quinone present was,
however, considerably below that occurring in air-
seasoned incense cedar heartwood used originally,
indicating the possibility that the quinone might
still form, in part, through air oxidation of the
extractives during storage. Impregnation of the
acetone-extracted Port Orford cedar sawdust with
a mixture of libocedrol, p-methoxythymol, and
thymoquinone, exposure of the sawdust for about
three months to the action of air, extraction, and
analysis of the extract resulted in identification of
3-libocedroxythymoquinone in the material ob-
tained.

The importance in the determination of the
structure of the 3-libocedroxythymocuinone is in
its relationship to the other closely related materials
isolated from incense cedar heartwood. 1212 It
extends the chain of compounds connected through
the oxidative coupling mechanism. It is possible
that, biosynthetically, the quinone is formed also
by addition of libocedroxy radical to thymoquinone
since quinones in general are known to undergo
similar reactions. 13 s

EXPERIMENTALI6

Isolation of 3-libocedroxythymoquinone. Sound air-dried
heartwood from the butt log of incense cedar was ground in
a Wiley mill to pass a 2-mm. screen. A total of 2900 g. of
sawdust was extracted in Soxhlet extractors with petroleum
ether to the point where no more coloring matter appeared.
The petroleum ether extracts were combined and the sol-
vent removed by evaporation on a steam bath to give 43 g.
of a red viscous extract (1.65% yield, dry wood basis).

A 14.85-g. portion of the extract was dissolved in 50 ml. of
n-hexane and chromatographed using 350 g. of alumina
(Merck’s acid-washed alumina, “suitable for chromato-
graphic analysis”). The column was successively washed
with 500 ml. of n-hexane, and 500 ml. of benzene. A portion
of the benzene used produced a red-brown fraction that,
upon removal of the solvent, weighed 7.7 g. This material
was rechromatographed using 177 g. of the Woelm alumina.
The column was successively washed with 250 ml. of n-
hexane, 100 ml. of 10% benzene in hexane, 300 ml. of ben-
zene, and four 100-ml: portions of 2, 5, 10, and 50% ether
in benzene. The last 100 ml. of benzene and all of the subse-
quent fractions were reddish in color. They were combined
and evaporated to dryness to give 2.6 g. of red viscous
matter. The latter was dissolved in 20 ml. of methanol, and
cooled to —b° for 10 days; the precipitate which formed
was filtered, and washed with methanol to give 242 mg. of
dark red crystalline material, m.p. 141-145° (1.63% yield
from extract, 0.027% from wood). Further cooling produced
no additional precipitate.

Purification of the material was achieved by repeated

(12) E. Zavarin and A. B. Anderson, J. Org. Chem., 20,
443 (1955).

(13) F. J. L. Aparicio and W. A. Waters, J. Chem. Soc.,
4666 (1952).

(14) L. F. Fieser and A. E. Oxford, J. Am. Chem. Soc.,
64, 2060 (1942).

(15) All melting points are corrected; microanalysis by
Microchemical Laboratory, University of California, Berke-
ley. Ultraviolet and infrared spectra were run on Beckman
D K1 and Perkin EImer Model 21 recording spectrophotom-
eters, respectively, and NMR and EPR spectra on Varian
Associates spectrometers.
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sublimation at 0.5-0.1 mm. pressure at 140-180° and crystal-
lization from methanol, to give dark red crystals m.p.
154.5-155°.

Anal. Calcd. for C3H406: C, 73.82; H, 7.74; OCH3
11.92; C—CH,, 17.3; mol. wt., 521. Found: C, 73.84; H,
7.75; OCH3 12.05; C—CH3 14.0 (81%); mol. wt., 550
(camphor).

Libocedroquinone gave 82% and norlibocedroquinone
78% vyield in the C—CH3analysis.1

The ultraviolet absorption spectrum of 3-libocedroxy-
thymoquinone showed two maxima at 267 my (log e 4.22)
and 389 mu (log e 3.17) identified with Braude’s A and B
quinoid bands and three inflection points at 225 mg (log e
4.42), 285 my (log e 3.88), and 450-510 my (log e 2.8-2.3)
identified with benzenoid K and B bands and quinoid C
band4 (Fig. 1).

In the infrared, using the potassium bromide pellet tech-
nique, the compound exhibited a strong carbonyl maximum
at 1660 cm.-1, a strong conjugated double bond maximum
at 1620 cm.-1, and a weaker band at 1645 cm.-1 In carbon
tetrachloride solution no hydroxyl band could be detected
(Fig. 2).

The nuclear magnetic resonance spectra (Fig. 3) were
obtained at 40 me. frequency, using carbon disulfide as the
solvent in case of p-methoxythymol, libocedrol, .thymo-
quinone, 3-bromothymoquinone, and libocedrogquinone and
deuterated chloroform in case of 3-libocedroxythymoqui-
none. Due to unfavorable solubility characteristics, this
compound produced a satisfactory spectrum only when the
sample was heated during the experiment.

Hydrogenation of 3-libocedroxythymoquinone. The experi-
ment was conducted in a micro apparatus at room tempera-
ture and atmospheric pressure using acetic acid as a solvent
and platinum as a catalyst. The reaction was essentially
over in 15 min., when the mixture became colorless and the
absorption figure was equal to 523 mg. sample per mmole
of hydrogen (calcd. 521 mg. sample per mmole of hydro-
gen). This fast uptake was followed by somewhat slower
absorption which after 85 min. from the beginning of the
reaction, lessened the above figure to 480 mg. of sample per
mmole of hydrogen and was probably due to some side
reactions.

Reduction of 3-libocedroxythymoquinone with stannous
chloride. A 164-mg. sample of 3-libocedroxythymoquinone
(m.p. 153-154°) was dissolved in 5 ml. of ethanol. To the
resulting solution 0.5 g. of stannous chloride dihydrate was
added and the mixture was heated on a steam bath until
colorless. This required 15 to 20 min. To this material 25
ml. of petroleum ether was added followed by 10 ml. of 10%
hydrochloric acid. The organic phase was separated and the
aqueous phase washed with 10 ml. of petroleum ether. The
organic extracts were combined, dried over anhydrous
sodium sulfate, filtered, evaporated to dryness, and the
residue kept in a desiccator evacuated to 0.1 mm. pressure
for several days to remove the rest of the solvent. The mate-
rial represented a fluffy, amorphous solid which weighed
150 mg. (91% vyield). It did not possess a sharp melting-
point but slowly sintered to a thick liquid between 40 and
50°. It slowlv oxidized in air assuming a red color.

Anal. Calcd. for C3H4D6: C, 73.53; H, 8.10. Found: C,
73.05; H, 8.00.

In ultraviolet it exhibited a maximum at 286 my, identi-
fied with the benzenoid B band and an inflection point at
220 m/x identified with benzenoid K band. In infrared,
using potassium bromide technique, it did not show the
carbonyl stretching band; in carbon tetrachloride solution,
it exhibited a strong band corresponding to the OH vibra-
tion at 3520 cm.-1, and a somewhat weaker one at 3600
cm.-1

Oxidation of the hydro-8-libocedroxythymoquinone with ferric
chloride. A 37-mg. portion of 3-libocedroxythymoquinone
(m.p. 154-155°) was dissolved in 2 ml. of acetic acid to
which 100 mg. of stannous chloride dihydrate Was added,
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and the resulting mixture was heated on a steam bath until
the red color disappeared. To this solution 1.0 g. of ferric
chloride was added and the material heated over steam for 1
min. The resulting liquid was diluted with 30 ml. of water
and extracted with 20 ml. of chloroform. The organic
extract was dried over anhydrous sodium sulfate, filtered,
evaporated to dryness, and the residue crystallized from 2
ml. of methanol to give 28 mg. (76%) of red crystals, m.p.
154-155° that did not depress the melting point of the origi-
nal 3-libocedroxythymoquinone.

p-Nitrobenzoylation of 3-libocedroxythymoquinone. Hydro-
3-libocedroxythymoquinone (101 mg.) was dissolved in 3
ml. of pyridine and 0.3 g. of p-nitrobenzoylchloride was
added. This mixture was heated on a steam bath for 5 min.
whereupon it acquired a yellow coloration, and was allowed
to stand overnight at room temperature. To the resulting
material 25 ml. of 10% sodium carbonate solution and 25
ml. of ethyl ether was added; the aqueous phase was sepa-
rated and the ether washed with 10 ml. of 10% sodium
carbonate followed by 50 ml. of 10% hydrochloric acid in
two portions. The ether extract was dried over sodium
sulfate, filtered, and evaporated to dryness. The residue was
dissolved in 10 ml. of iso-octane, filtered from 5 mg. of some
insoluble impurities, and cooled. At this point the ester
separated in the form of very fine droplets with unsharp
melting point. Attempts to induce crystallization failed.
Removal of iso-octane by evaporation on a steam bath and
later under vacuum gave an amorphous yellow residue
weighing 139 mg.

Repeating the reaction using 52 mg. of trydro-3-liboce-
droxythymoquinone but with the heating period increased to
90 min., crystallization of the reaction product from meth-
anol-water resulted in the separation of 13 mg. of impure
3-libocedroxythymoquinone, m.p. 145-150° (25% yield).

Attempted preparation of 3-libocedroxythymoquinone semi-
carbazone. A 103-mg. portion of 3-libocedroxythymoquinone,
m.p. 153.5-154.5°, was refluxed on a steam bath in 10 ml.
of methyl alcohol with 0.5 g. of semicarbazide hydrochloride
and 2 drops of concentrated hydrochloric acid for 5 min.
The resulting mixture was then cooled and filtered, and the
solid was washed with 10 ml. of hot methanol. To the fil-
trate was added 20 ml. of water and the separated precipi-
tate filtered and recrystallized from 10 ml. of methanol to
give 60 mg. (58%) of 3-libocedroxythymoquinone, m.p.
152.5-153.5° undepressed on admixture with authentic
material.

Reaction of 3-libocedroxythymoquinone with alkaline hydro-
gen peroxide. A 50.6-mg. portion of 3-libocedroxythymo-
quinone, m.p. 154-155° was dissolved in 5 ml. of acetone
to which 0.5 g. of potassium carbonate was added. To this
mixture 1 ml. of 30% superoxol was added and then refluxed
for 30 min. on a steam bath during which time the color of
the solution changed from reddish to yellow. Most of the
acetone was removed from the solution by evaporation and
the residue diluted to 10 ml. with water. The resulting mate-
rial was extracted once with 15 ml. of petroleum ether and
once with 15 ml. of ethyl ether, and the combined organic
extracts dried over anhydrous sodium sulfate, filtered,
and evaporated to dryness. The residue was dissolved in 7
ml. of methanol, filtered from a small amount of white
impurity and the epoxide crystallized by addition of water
and cooling to —5°. The reaction product represented a
yellow powder, m.p. 124-126°, and weighed 33 mg. (67%).

Further purification was achieved by repeated crystal-
lizations from iso-octane and methanol-water whereupon the
melting point was raised to 127-128°.

Anal. Calcd. for C3H407: C, 71.62; H, 7.51. Found: C,
71.82; H, 7.71.

In the ultraviolet the compound exhibited an absorption
maximum at 285-286 my, log e 4.04 and an inflection point
at 370-400 my, log e 3.03-289. In the infrared, in carbon
tetrachloride solution, and in the 4000-3000 cm.-1 region
it did not show an OH stretching band. Pressed into a KBr
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pellet it exhibited a conjugated double bond band at 1615
cm.-1, and two carbonyl maxima at 1675 and 1700 cm.-1

Reaction of the 3-libocedroxythymoquinone with hydro-
bromic acid. A 91.5-mg. portion of 3-libocedroxythymo-
quinone, m.p. 153-154°, was dissolved in 7 ml. of glacial
acetic acid. This solution was heated on a steam bath while
stannous chloride dihydrate was added in very small por-
tions to the point of discoloration. To this mixture, 4 ml. of
40-42% hydrobromic acid containing a few small crystals
of stannous chloride was added, and the solution was
refluxed for 2 hr. Upon cooling, ferric chloride was added to
the solution to the point at which the mixture assumed a
yellow color. The resulting liquid was diluted with 25 ml. of
water and extracted with 25 ml. of ethyl ether in two por-
tions. The organic extract was shaken with 50 ml. of 10%
ammonia in three portions, whereupon the aqueous solution
assumed an intense violet color. Upon acidification wuth
hydrochloric acid, the aqueous phase was extracted with 10
ml. of ethyl ether in two portions, the extract dried over
anhydrous sodium sulfate, filtered, and evaporated to dry-
ness. The yellow residue was purified by sublimation at
3 mm. and 100° to give 15 mg. of yellow crystals, m.p.
167.5-168° (sealed capillary), undepressed on admixture
with an authentic sample of 3-hydroxythymoquinone. This
represents a 24% vyield assuming complete cleavage of all
ether linkages in the molecule. The infrared absorption
spectrum of the yellow material, obtained by using the
potassium bromide technique, was found to be identical
with that of 3-hydroxythymoquinone. Aside from the
strong chelated OH absorption at 3240 cm.-1, the com-
pound exhibited a conjugated double bond maximum at 1612
c¢m.-1, and two bands at 1640 and 1665 cm.-1 corresponding
to the chelated and nonchelated quinoid carbonyl stretching.
The split of the quinoid carbonyl absorption band into two
bands due to the neighboring hydroxyl has also been noted
in the case of various hydroxylated anthraquinones.®

Reaction of libocedrol with alkaline ferricyanide. A 3.0-g.
portion of libocedrol, m.p. 86.5-88°, was dissolved in 30 ml.
of ethyl ether and stirred for 1 hr. with a solution of 6 g. of
potassium ferricyanide and 1.6 g. of sodium hydroxide in 60
ml. of water, whereupon the ether phase became green in
color. The organic phase was washed with 200 ml. of water
in four portions and shaken with 50 ml. of 10% hydro-
chloric acid, the liquid becoming dark red. The ether solu-
tion was separated, dried over anhj'drous magnesium sulfate,
filtered, and evaporated to dryness. The residue was dis-
solved in 25 ml. of methanol and allowed to crystallize
overnight at —5°. The combined aqueous extracts and wash-
ings were acidified with hydrochloric acid and extracted with
ether. Upon drying, filtering, and evaporation of the solvent,
the extract left only a negligible residue.

The precipitated material was filtered, washed with
methanol, and dried to give 994 mg. of dark red crystals,
m.p. 142-147° (45.5% vyield). Recrystallization of the red
crystals from methanol raised the melting point to 153-
154°. The material was found to be identical with the
naturally occurring 3-libocedroxythymoquinone by mixed
melting point technique, and by comparison of the infrared
spectra using the compounds themselves and their epoxy
derivatives.

The mother liquors from the crystallization of 3-liboce-
droxvthymoquinone were combined and evaporated to dry-
ness. The residue was dissolved in 20 ml. of pyridine and
2.0 g. of p-nitrobenzoyl chloride was added. The resulting
liquid was heated on a steam bath for 20 min., diluted with
40 ml. of 5% sodium carbonate solution, and extracted with
60 ml. of ethyl ether. The organic phase was washed with
60 ml. of water, followed by 80 ml. of 10% hydrochloric acid,
dried over anhydrous magnesium sulfate, filtered, and
evaporated to dryness. The residue was crystallized from
20 ml. of methanol, the precipitate was filtered and recrystal-
lized from methanol-acetone to give the first crop of 806

(16) M. St. C. Flett, J. Chem. Soc., 1441 (1948).
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mg., m.p. 171-171.5°. The filtrate was evaporated to dry-
ness and crystallized from ethanol to give 297 mg. of a mate-
rial melting at 116-120°. Recrystallization of the first crop
from ethanol-acetone raised the melting point of the mate-
rial to 173-174°, undepressed on admixture with the original
libocedrol p-nitrobenzoate. The amount isolated accounts
for 19% of the libocedrol used.

The second crop was recrystallized from ?*-hexane to give
a material melting at 126-127.5°. The melting point was
undepressed on admixture with an authentic p-methoxy-
thymol p-nitrobenzoate. The amount of the material isolated
accounts for 11% of the libocedrol used.

One half of the residue of the p-nitrobenzoate crystal-
lization was distilled at 1 mm. pressure and 200°. The dis-
tillate was collected and crystallized from methanol to give
a mixture of dark red crystals and some reddish material.
The crystals were separated by virtue of their solubility
in 10 ml. of iso-octane. Evaporation of the iso-octane left a
residue that was recrystallized several times from methanol
to give 58 mg. of a material melting at 93-94.5°. Admixture
with the authentic libocedroquinone did not depress the
melting point. The amount isolated accounts for 4% of the
original libocedrol.

In another similar experiment using 0.704 g. of libocedrol
in 50 ml. of n-hexane, 20 ml. of 2.5% sodium hydroxide
solution, and 20 ml. of 2% potassium ferricyanide solution,
the reaction was conducted in nitrogen atmosphere using
deaerated water. After 30 min. of stirring, the organic
phase became yellowish green and about as intensive in color
as when the reaction was conducted in presence of air.
Allowing air into the system did not produce any color
change. The yield of the 3-libocedroxythymoquinone was
47%.

In another similar experiment, 550 mg. of libocedrol, m.p.
86.5-88°, was dissolved in 50 ml. of ethyl ether and stirred for
1 hr. with a solution of 2.5 g. of potassium ferricyanide in 50
ml. of 5% sodium hydroxide solution. The organic phase was
washed thoroughly with water, dried over sodium carbonate,
filtered, and evaporated to dryness on a steam bath. The
last traces of solvent were removed in 0.1 vacuum at room
temperature. The resulting material was slightly yellow,
amorphous, fluffy solid. It weighed 539 mg. (98%) and
melted, not very sharply, at 45-50°.

The substance was soluble in most of the organic solvents.
It dissolved in petroleum ether, and similar hydrocarbon
solvents with a yellow-green color, and in more polar sol-
vents such as chloroform or acetone, with a green color.
Heating intensified the green color and cooling decreased its
intensity.

The infrared absorption spectrum obtained by potassium
bromide technique was found to be similar to that of 3-libo-
cedroxythymogquinone, with a carbonyl band at 1665 cm.-1,
a band at 1640 cm.-1, and a conjugated double bond band
at 1615 cm.-1; the intensity of all three bands was, however,
appreciably less than with the quinone. In carbon tetra-
chloride solution a hydroxyl stretching band was present
at the same position as with libocedrol (3550 cm.-1) but with
intensity reduced nearly five times. In the ultraviolet region
between 220 and about 330 m in methylcyclohexane solu-
tion, the material seemed to obey Beer’s law. It showed a
benzenoid B-band with Xva 289, log e = 4.07 and X*
265 mii, log e = 3.82 and two inflection points at 231 and
328 m/j with log e 4.57 and 3.15, respectively, assuming the
molecular weight of the dimer of the libocedroxy radical for
the calculation. Above about 330 mp Beer’s law was not
obeyed. The nature of the spectrum was found to be de-
pendent on the concentration and the solvent used. In
methylcyclohexane solution, the material had the absorp-
tion maxima at 377, 397, and 650 mu and in chloroform solu-
tion at 387, 402, and 650 mu. The absorbance decreased
less than proportional to the dilution and with about the
same concentration of the solute was several times larger in
chloroform. Thus, with methylcyclohexane was 4.8
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and 4.2 at a concentration of 051 g./I. and 3.6 and 3.1 at
a concentration of 2.2 g./l. for the first two bands men-
tioned. With chloroform the respective values were 10.5 and
12.2 at a concentration of 0.50 g./l. and 7.8 and 8.7 at a
concentration of 2.1 g./I. The third, 650 m/t band (E"m
0.66, cond. 2.1 g./l., chloroform as the solvent) behaved
similarly in all respects. The absorbance tended to decrease
with time particularly when chloroform was used as the
solvent; with the more concentrated solution in the above
experiment, the E-values decreased to 8.4 and 9.3 in 10 min.

In the electron paramagnetic resonance measurements a
strong signal was obtained using 8.4 mg. of the solid mate-
rial; dilution with a few drops of chloroform intensified the
signal roughly 10 times (g about 2.0, line width around 8
gauss).

Determination of the presence of S-libocedroxythymoquinone
in fresh incense cedar heartwood. From fresh moist incense
cedar heartwood, three cross grain slats with combined
weight of 307 g. (dry weight) were prepared (25 X 6 X
1.8 cm.). All surfaces were freshly cut and cleaned by rub-
bing with a cloth moistened in acetone. The slats were ex-
tracted under nitrogen atmosphere with petroleum ether,
b.p. 30-60° for 15 hr. From the extract most of the solvent
was removed by evaporation on a steam bath and the re-
mainder under vacuum at room temperature. The residue
weighed 10.6 g. (2.9%) and was stored under nitrogen
atmosphere at —5°.

A 9.2-g. portion of the above residue was treated with 50
ml. of cold n-hexane and filtered from the separated libo-
cedrol/p-methoxythymol complex (2.4 g.), m.p. 91-92°.
The filtrate was chromatographed using 50 g. of Woelm
alumina. The red fraction which came with n-hexane was
evaporated to dryness, dissolved in 20 ml. of n-hexane, and
allowed to stand for 3 days at —5°, then was filtered from
I. 65 g. of separated hbocedrol/p-methoxythymol complex,
m. p. 88-91°, and rechromatographed three times using 50-g.
portions of Woelm alumina. In the latter case, a 200-ml.
portion of 40% ethyl ether in n-hexane brought a red frac-
tion that was evaporated to dryness. Spectroscopic examina-
tion of the residue revealed the presence of about 10 mg. of
3-libocedroxythymoquinone (0.004% of the dry wood
weight). Crystallization from methanol yielded 1.0 mg. of
the above compound, m.p. 152-153° undepressed on ad-
mixture with authentic sample.

Formation of S-libocedroxythymoquinone by air oxidation.
One hundred grams of acetone-extracted Port Orford cedar
sawdust was mixed with a solution of 2.0 g. of libocedrol/p-
methoxythymol addition complex and 0.1 g. of thymo-
quinone in 100 ml. of acetone and the solvent removed by
evaporation. The prepared sawdust was spread on the paper
and allowed to stand for 80 days with an air current gently
blowing over it. Extraction of the sawdust with acetone for
8 hr., evaporation of the solvent, chromatography of the
residue, and crystallization of the appropriate fraction from
methanol gave 11 mg. of 3-libocedroxythymoquinone m.p.
145-148°. Further crystallization from the same solvent
raised the melting point to 151-152° which remained unde-
pressed upon admixture with an authentic sample of the
quinone.
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A Study of the Preparation of A3Octalin

William G Dauben, Earl C Martin and Gerhard J

Fonken
Received August IS, 1957

In the course of an investigation of the stereo-
chemistry of 9-substituted decalins,: the need arose
for considerable quantities of pure As-octalin. Of
the numerous preparations of this compound.. the
one of choice is that described by Campbell and
Harriss and which is a modification of the pro-
cedure of Linstead, Wang, Williams, and Erring-
ton.s This method involves the dehydration of 2-
decalol, obtained by hydrogenation of 2 -naphthol,
with phosphoric acid and phosphorus pentoxide to
yield a mixture of isomeric octalins which, in turn,
are treated with phosphorus pentoxide to bring
about conversion of the mixture to a practically
pure As-octalin. Recently, Cope, Cotter, and Pikess
have described a simplification which utilizes boric
acids for the initial dehydration step. Following this
modification, in combination with the final phos-
phorus pentoxide treatment, the octalins obtained
varied in refractive indices from run to run and the
infrared spectrum of each preparation possessed a
band at 3020 cm.-1, an absorption characteristic
of olefinic hydrogens. The nuclear magnetic reso-
nance spectra of such preparations also displayed
bands due to vinyl proton absorption. From these
latter spectra, it could be estimated that the A9
octalin obtained by this method possessed 15-30%
of other isomeric octalins, depending on whether
the impurity was considered as a di- or a trisubsti-
tuted olefinic linkage.

It has been found, however, that purification of
the mixed octalins via the blue nitrose chloride de-
rivative, a derivative which can be prepared in
60% vyield, does yield a pure As-octalin. The nu-

(1) W. G. Dauben, R. C. Tweit, and R. L. MacLean,
J. Am. Chem. Soc., 77, 48 (1955).

(2) For a complete bibliography see Elsevier, Encyclopedia
of Organic Chemistry, Elsevier Publishing Co., Houston,
Tex., 1948, Vol. 12, p. 76.

(3) W. P. Campbell and G. C. Harris, J. Am. Chem. Soc.,
63, 2721 (1941).

(4) R. P. Linstead, A. B. Wang, J. H. Williams, and
K. D. Errington, J. Chem. Soc., 1136 (1937).

(5) A. C. Cope, R. J. Cotter, and R. A. Pike, private com-
munication.

(6) W. Brandenberg and A. Galat, J. Am. Chan. Soc.,
72,3275 (1950).

(7) These spectra were kindly determined by Dr. James
N. Schoolery, Varian Associates, Palo Alto, Calif.

clear magnetic resonance spectrum of such a
material showed the complete absence of any vinyl
hydrogens. When this pure isomer was allowed to
react with phosphorus pentoxide it was transformed
into a mixture of octalins containing 10-20% of
isomers with vinyl hydrogen atoms. Such a result
clearly indicates, as might be expected, that phos-
phorus pentoxide treatment simply equilibrates the
octalins and from such a procedure pure ASoctalin
cannot be obtained.

Recently, it has been reported that reduction of
tetralin with lithium in either ethylaminess or
ethylenediamines yields practically pure As-octalin.
When a procedure involving the dissolution of
lithium in ethylenediamine prior to the addition of
the tetralin was used, the reaction was erratic and
the formation of the lithium derivative of the amine
often resulted. It was found that by adding the
lithium to a solution of tetralin in ethylenediamine,
the reaction was reproducible and octalin was iso-
lated in 70% yield. The nuclear magnetic resonance
spectrum of the product, however, showed it to be
a mixture of isomers containing 10-20% of material
with di- or trisubstituted double bonds. It would
thus appear that this method of preparation, as
well as the phosphorus pentoxide method, yields an
equilibrium mixture of octalins.

During the course of this work, the preparation
of A:()-10-amino-octalin was attempted following
the published procedure which allows the blue
nitroso chloride to react with zinc and hydro-
chloric acid in ether..o In our hands, only a small
yield of the amine was obtained, the principal
product being As-octalin. This method of regenera-
tion of pure octalin gives yields comparable to the
normal sodium methoxide procedure.

EXPERIMENTAL

Preparation of octalins. (A) From S-decalol. A mixture of
154 g. of isomeric decalols, prepared by hydrogenation of
2-uaphthol, and 62 g. of boric acid was placed in a 500 ml.
round-bottomed flask which was attached to a 5"-column
packed with glass helices and the system arranged for dis-
tillation. The mixture was immersed in a bath at 170° and
the bath temperature was allowed to gradually rise to 350°
and the distillation of octalin and water had practically
ceased. After cooling the distillation residue slightly, the
system was evacuated to water aspirator vacuum and the
distillation continued until no further product was obtained

(8) R. A. Benkeser, R. E. Robinson, D. M. Sauve, and
O. H. Thomas, J. Am. Chem. Soc., 77, 3230 (1955).

(9) L. Reggel, R. A. Friedcl, and I. Wender, J. Org.
Chem., 22, 891 (1957).

(10) W. Hiickel and M. Blohm, Ann., 502, 114 (1933).
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The total distillate was dissolved in ether, the water sepa-
rated, the ethereal layer dried, and the solvent evaporated.
The crude octalin was distilled atatmospheric pressure, b.p.
189-193°, n25 1.4890-1.4950, yield 110-130 g. (80-95%).

A mixture of three parts of octalin and one part of phos-
phorus pentoxide was heated at 140° for 3 hr. and processed
in the usual manner.3*The product was distilled at atmos-
pheric pressure through an 18" column packed with Pod-
bielniak tantalum Heli-pak: fraction 1, b.p. 191-193° n'S
1.4920-1.4940; fraction 2, b.p. 192-194°, n25 1.4940-1.4970.
Fraction 1 usually amounted to a 25% yield and fraction 2
to a 60% vyield.

(B) From tetralin. In a three-necked, round-bottomed
flask fitted with a glass stopper, a sealed all-glass stirrer
and a reflux condenser closed with a calcium chloride tube
were placed 500 ml. of ethylenediamine (distilled from
sodium hydroxide pellets before use) and 66.1 g. (0.5 mole)
of tetralin. Clean lithium wire (21 g., 3 moles) was cut into
short pieces and a 5 g. portion was added to the reaction
flask. Stirring was commenced and in about 20 min. the
lithium began to dissolve and heat was evolved. When the
bulk of the initial lithium had dissolved, the remainder of
the lithium was added in portions of about 3 g. over a period
of about 15 min. Near the end of the addition of lithium,
the solution developed a blue color. Stirring was continued
for an additional 30 min. during which time the blue colora-
tion faded to a slate-gray color.

The reaction mixture was decomposed by the addition of
200 ml. of ethanol over a period of 20 min. and the solution
then poured into 2 1 of ice water. The mixture was extracted
with several portions of benzene, the benzene solutions
washed with 5% sulfuric acid and water. The solvent was
removed and the product distilled at atmospheric pressure
through a 20" column, b.p. 194-196°, ra’5 1.4950-1.4970,
yield 48 g. (71%).

9-Nitroso-10-chlorodecalin. A solution of 45 g. (0.33 mole)
of mixed octalins, prepared above, and 75 g. (1 mole) of
ethyl nitrite in 100 ml. of glacial acetic acid was allowed to
react with 75 ml. of concentrated hydrochloric acid at —15°
in the usual manner and after 2 hr. the blue crystalline
solid was removed by filtration. The solid was recrystallized
from acetone twice to yield 35-40 g. (50-60%), m.p. 91-
92° (lit.292°).

The vyield of this derivative when pure ASoctalin was
employed was 77%.

A’-Octalin. In an all-glass apparatus were placed 30 g.
(0.46 mole) of zinc dust and a solution of 35 g. (0.17 mole)
of 9-nitroso-10-chlorodec,alin in 300 ml. of dry ether and to
the stirred mixture was added 6 ml. of concentrated hydro-
chloric acid over the period of 10 min. The stirring was con-
tinued for 12 hr., then an additional 30 g. portion of zinc
dust and 6 ml. of hydrochloric acid was added. The mixture
was allowed to stir for an additional 24 hr., the zinc dust
removed by filtration and washed with ether. The combined
filtrate and washing were washed with sodium bicarbonate
and water and then dried. After removal of the solvent,
the ASoctalin was distilled at atmospheric pressure, b.p.
194-196°, n2 1.4971, yield 13.8 g. (59%).

When 9.8 g. of the purified material was heated with 5 g.
of phosphorus pentoxide under the usual conditions and the
product distilled, the following fractions were obtained:
(1) b.p. 193-194°, n25 1.4910, yield 1.7 g.; (2) b.p. 194-
195°, n2° 1.4930, yield 0.6 g.; (3) b.p. 195.0-195.5°, nM
14960, yield 7.8 g.; (4) b.p. 195.5-196.0°, n25 1.4965, yield
23 g

Department of Chemistry and

Chemical Engineering
University of California
Berkeley 4, Calif.
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Crystallizable Polystyrene. Il11. A Comparison
of Crystallinities of Polystyrenes Prepared

Using Various Catalysts

J. L R Williams, J VanDenBerghe, K R Dunham,
T. M. Laakso, W.J. b ulmage, and L. Contois

Received October 18, 1957

In preceding publications,:-s crystallizable poly-
styrene was prepared by the use of Alfin catalysts
and alkali-metal derivatives of arylmethanes. It is
the purpose of this paper to demonstrate the dif-
ference in crystallizability between polystyrenes
made using Alfin-type catalysts and arylmethane-
alkali-metal catalysts, and those prepared using a
Ziegler-type polymerization system.

The isotactic polystyrenes, prepared using var-
ious catalysts, are listed in Table | in the order
of increasing crystallizability. X-ray diffraction
photographs of these polymers are presented in
Fig. L

TABLE |
Crystallinity of Isotactic Polystyrenes
Yield, Figure
Catalyst M % Number
Alfin catalyst 2.98 77.0 1
Triphenylmethyl 1.58 111 2
potassium
Modified Ziegler, 1.14 0.13
Run 1 system
Modified Ziegler, 4.42 72.0 3

Run 2 system

The most striking difference between polysty-
renes obtained from organo-alkali-metal catalysts
and those obtained from a Ziegler-type catalyst,
is the higher degree of crystallinity obtained in the
latter case. The order of increasing crystallizability
was found to be the following: Alfin, triphenyl-
methylpotassium, and Ziegler-catalyzed poly-
styrene. Although only very low yields were ob-
tained at first, using the Ziegler system, it was dis-
covered that, by modification of the Ziegler system,
high yields of isotactic polystyrene were obtained.
In attempts to repeat the method described in the
Ziegler Australian Patent No. 14116, it was expe-
dient to substitute trimethylaluminum for triethyl-
aluminum. It was also necessary to run the reactions
under atmospheric pressure. By employing these
two changes, the catalyst prepared according to the
reaction sequences described by Ziegler gave

(1) J. L. R. Williams, J. VanDenBerghe, W. J. Dulmage,
and K. R. Dunham, J. Am. Chem. Soc., 78, 1260 (1956).

(2) J. L. R. Williams, J. VanDenBerghe, K. R. Dunham,
and W. J. Dulmage, J. Am. Chem. Soc., 79, 1716 (1957).

(3 J. L. R. Williams, T. M. Laakso, and W. J. Dulmage,
Part 11, J. Org. Chem., 23, 638 (1958).
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Fig. 1L X-ray diffraction photographs of polystyrenes
(CuKa radiation). A. Alfin polystyrene crystallized by heat-
ing 14 hours in heptane at 90°. B. Triphenylmethylpotas-
sium-catalyzed polystyrene crystallized by heating 14 hours
in heptane at 90°. C. Modified-Ziegler-catalyzed polystyrene
extracted and crystallized in boiling acetone

highly crystallizable polystyrene invery low yields.
By use of a pressure bottle to contain the reaction
system, good yields of highly crystallizable poly-
styrene were obtained, employing triisobutyl-
aluminum-titanium tetrachloride as catalyst.

It appears that the organo-alkali-metal-cata-
lyzed polystyrenes are block polymers consisting
of interlinked atactic and isotactic regions. By ex-
traction with methyl ethyl ketone, it is not possible
to raise the crystallinity as high as is obtainable
from the Ziegler-type polymer. This statement also
applies w organo-alkali-metal-catalyzed polymer
which has been degraded to inherent viscosities as
low as 0.75. Such degradations release low-viscos-
ity, amorphous polymer, which, after extraction,
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precipitation, and crystallization, has very low
crystallinity.

In contrast, the Ziegler-type polystyrene lends
itself readily to the fractionation of isotactic from
the atactic materials, partly because the atactic
polymers are mainly of low molecular weight and
hence are easily extracted. When Ziegler-type
polystyrene ([?2]=1:.) and high-molecular-weight
atactic polymer ([r7]=1.s) were precipitated to-
gether from a dilute solution in benzene, extraction
of the crystallized intimate mixture gave a high
yield of isotactic polymer. This extracted residue
was as highly crystalline as the polymer before
dilution with atactic polystyrene and more highly
crystalline than any extracted residue obtained
from polystyrene which was polymerized with an
organo-alkali-metal catalyst.

EXPERIMENTAL

Polymerizations.1Polystyrenes were prepared using Alfin-
type catalyst and triphenylmethylpotassium, as previously
described.23 Modified Ziegler8type polymerizations were
carried out as follows:

Run 1 The apparatus consisted of a three-necked, one-
liter flask equipped with a sintered glass disk in the bottom,
high-speed, stainless-steel stirrer, reflux condenser, ther-
mometer, dropping funnel, and nitrogen inlet tube. The
reaction flask was heated in an oil bath.

A solution of 7.045 g. of trimethylaluminum in 70 ml. of
heptane was placed in the flask and heated to 70° under an
atmosphere of dry nitrogen. A solution of 7.6 g. of titanium
tetrachloride in 20 ml. of heptane was added over a period
of 10 min., with efficient stirring, during which time gas
was evolved and a black precipitate formed. Heating was
continued for 30 min. after the addition was complete and,
using the porous glass disk, the precipitate was then filtered
by means of nitrogen pressure upon the surface of the liquid.
The precipitate was washed three times with a 2% solution
of trimethylaluminum in heptane. The coarse precipitate
was then suspended in 250 ml. of heptane containing 7.05
g. of trimethylaluminum. After the suspension was trans-
ferred (under nitrogen) to a one-liter, three-necked flask,
the catalyst mixture was heated to 65°, and 150 g. (166 ml.)
of freshly distilled styrene was added dropwise, with efficient
stirring, over a :5-min. period. The polymerization mixture
was then heated at 70-75° for 4 hr. The reaction mixture
was cooled, poured into methanol, and the inorganic prod-
ucts were dissolved by the addition of hydrochloric acid.
Two layers were formed; the flocculent product was present
in the upper layer. After the precipitate was collected, it
was purified by boiling in acetone containing hydrochloric
acid. The polymer was filtered, and then washed several
times with fresh acetone. The highly crystalline polymer had
a melting point of 228° and an inherent viscosity of 1.14.
The yield was 0.2 g. (0.13%). The crystallinity was ex-
tremely high.

Run 2. A 375-ml. pressure bottle was flushed with dry
nitrogen and capped using a Neoprene-line, self-sealing cap.
A solution of 5.7 g. of triiisobutylaluminum, diluted with
dry heptane to a total volume of 42.3 ml., was injected into
the bottle by means of a hypodermic syringe. The bottle

(4) Trimethylaluminum and triisobutylaluminum were
used in these experiments, whereas triethylaluminum was
employed by Ziegler.5 All-glass equipment was used rather
than steel autoclaves.

(5) K. Ziegler, Australian Patent 14116, example 44
(1955).
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was immersed in a 70° water bath for 10 min. and a solution
of 3.8 g. of titanium tetrachloride, diluted with dry heptane
to a volume of 12.2 ml., was added in small amount over a
5-min. period, using a hypodermic syringe. The bottle was
vented from time to time in order to relieve the pressure.
The reaction bottle was then tumbled for 30 min. at 70°,
after which time 42.3 ml. of triisobutylaluminum-heptane
solution and 75 ml. of freshly distilled styrene were added.
The bottle was then tumbled in a 70° water bath for 24 hr.
After the bottle was cooled to room temperature, the con-
tents were poured into methanol. Hydrochloric acid was
added to dissolve the inorganic materials, and the mixture
allowed to stand for 16 hr. The polymer was collected and
then suspended in acetone containing hydrochloric acid.
The polymer was washed by decantation several times with
a fresh acetone and subsequently boiled in acetone for 18
hr., to give a 72% yield of polystyrene haring an inherent
viscosity of 4.42, a melting point of 230°, and extremely high
crystallinity.

Kodak Research Laboratories
Communication No. 1922

Rochester, N

An Improved Synthesis of 3-Methylpyrrolel

R oscoe 15. Lancaster, JI’., and
Catvin Al VanderWerrs

Received December 16, 1057

The simple compound 3-melliylpyrrole is only
very poorly characterized in the chemical literature.
Earlier methods of synthesis2-7 gave either low
yields, small amounts of impure material, or an
inseparable mixture of isomers.

The present paper reports the synthesis of pure
3-methylpyrrole in 37.8% yield starting with potas-
sium phthalimide by condensation of aminoacetone
with diethyl oxalacetate and subsequent hydrolysis
and decarboxylation of the product. 2-carboxy-3-
carbethoxy-4-methylpyrrole, essentially by the
method of Piloty and Hirsch.2 Our contribution
consists in the development of a new method for the
in situ synthesis of aminoacetone (hydrolysis of
jV-acetonylphthalimide) and in the improvement of
the subsequent steps, as well as in a more complete
characterization of 3-methylpyrrole.

(1) This investigation was performed as a part of Ameri-
can Petroleum Institute Research Project 52 on Nitrogen
Constituents of Petroleum, which is conducted at the Univer-
sity of Kansas in Lawrence, Kan., and the Bureau of Mines
E))Ii eriment Stations in Laramie, Wyo., and Bartlesville,

a.

(2) A Pictet, Ber., 37, 2792 (1904).

(3) von O. Piloty and P. Hirsch, Ann., 395, 63 (1913).
(15411)3)8. Oddo and R. Mameli, Gazz. Chimi, ital., 43(2), 504

(5) L. H. Andrews and S. M. McElvain, J. Am. Chem.
Soc., 51, 887 (1929).

(6) H. Fischer and W. Rose, Ann., 519, 22 (1935).

(7) J. W. Cornforth and M. E. Firth, J. Chem. Soc., 1091
(1958).
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EXPERIMENTAL

N-AcetonyVphthalimide. An intimate mixture of 250 g. of
potassium phthalimide with 200 g. of 1-chloropropanone was
added to a 2-1, three necked round bottomed flask fitted
mith a mechanical stirrer and a reflux condenser. The mixture
was heated gently by means of a heating mantle until reac-
tion began; the heat was then withdrawn and the reaction
allowed to proceed to completion at room temperature. The
solid product was recrystallized from water to yield 269 g.
(98.2%) of colorless needles of JV-acetonylphthalimide, m.p.
116.0-116.8°, 122.9-123.5° after recrystallization from
water (reported8 124°).

%-Carboxy-3-carbethoxy-4--methylpyrrole. A solution made
from 150 ml. of concentrated hydrochloric acid and 75 ml. of
water was added to 50.0 g. of crude JV-acetonylphthalimide in
a 500-mL, one necked round bottomed flask fitted with a re-
flux condenser. The solution was heated at reflux for 4 hr.,
cooled and brought to pH 1.5 by addition of 30% aqueous
sodium hydroxide solution and filtered to remove the phthalic
acid that precipitated. The filtrate was then added slowly
to a solution of 45 g. of diethyl oxalacetate sodium salt in 400
ml. of water while the temperature was maintained at 75°
and the pH at 5 by periodic addition of small amounts of
sodium hydroxide solution.

The mixture was then cooled and the precipitate removed
by filtration. The pH of the filtrate was brought to 8 by the
addition of further sodium hydroxide solution and the re-
sulting solution heated at 75° for 30 min., reacidified with
dilute hydrochloric acid, and cooled. Filtration afforded a
second crop of 2-carboxy-3-carbethoxy-4-methylpyrrole to
bring the total yield of product, m.p. 195.7-196.8° (re-
ported3496°), to 25.5 g. (52.8%).

3-Carboxy-4-methylpyrrole. A solution of 440 g. of potas-
sium hydroxide in 1250 ml. of water was added to 67 g. of 2-
earboxy-3-carbethoxy-4-methylpyrrole and the mixture re-
fluxed for 24 hr. The solution was brought to pH 9 with
concentrated sulfuric acid, cooled, and filtered. The filtrate
was then acidified, cooled, and filtered to afford a quantita-
tive yield (425 g.) of 3-carboxy-4-methylpyrrole, m.p.
152.6-153.7° (reported3 149°).

3-Melhylpyrrole. A total of 22.0 g. of finely powdered 3-
earboxy-4-methylpyrrole was placed in a 200-ml. round
bottomed flask fitted for distillation. The flask was heated
gently with a free flame until no more liquid distilled. The
distillate was taken up in ether, the solution dried over an-
hydrous magnesium sulfate and redistilled to yield 10.6 g.
(73.1%) of pure 3-methylpyrrole, b.p. 142-143° (740 mm.)
2D 1.4970, w2h81.4949.

Anal. Calcd. for CH,N: C, 74.0; H, 8.7; N, 17.3. Found:
C, 74.0; H, 8.8;N, 17.3.

The absorption bands in the infrared spectra of 3-methyl-
pyrrole and 2-methylpyrrole9 are compared in Table |
and the respective infrared spectra of 12.25% solutions in
chloroform taken with a Perkin Elmer Model 21 double
beam spectrophotometer in 0.05 mm. sodium chloride cells
are shown in Figs. 1and 2.

4000 3600 3200 2800 2400 2000
FREQUENCY, cm.-i

Infrared spectrum of 3-methylpyrrole

1600 1200 800

Fig. 1.
(8) S. Gabriel and G. Pinkus, Ber., 26, 2197 (1893).

(9) P. A Cantor, R. Lancaster, and C. A. VanderWerf,
J. Onj. Chem., 21, 918 (1956).
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4000 3600 3200 2800 2400 2000 1600 1200 800
FREQUENCY, cm.
Fig. 2. Infrared spectrum of 2-methylpyrrole

TABLE |

Absorption Bands iNInfrared Spectra of
3-M ethyliyrrole and 2-Methylpyruoj,e”

3-Methyl-  2-Methyl- 3-Methyl-  2-Methyl-
pyrrole pyrrole pyrrole pyrrole
3462 vs 3441 vs 1390 vw 1386 vw
3390 vs 3362 vs 1375 vw 1375
3080 sh 3072 w 1259 m 1259
2981 vs 2971 vs 1218sm 1230s s
2915 s 2904 m 1139 m 1130 s
2862 m 2850 w (sh) i097s 1097s vs
2730 vw 2730 1061 vs 1061
2550 vw 2550 1030s 1030s vs
1700 1700 vw 980 w 980 w
1672 vw 1672 956 m 951 m
1635 1635 vw 889 m 839 m
1570* w 15775 s-vs 879 879 sh
1550s w-m  1550s 790s 790" m
1490" m-s  1490* 700 s 704 vs
1463 m 1463 m 660 660 sii
1432 m-s 1418 m-s 033 633 w

" Values are frequencies in cm.-1; s = strong, m = me-
dium, w = weak, vs = very strong, sh = shoulder.s Principal
differences.

D epartment of Chemistry
University of Kansas

Lawrence, K an.

cis-2-Hydroeycyclohexane-
acetic Acid Lactone

Preparation of

Joseph Klein

Received January 13, 1958

The fraws-lactone (1) of 2-hydroxycyclohexane-
acetic acid is easily obtainable from diethyl sodio-
malonate and cyclohexene oxide. However, the cis-
lactone (Il) has only been obtained indirectly by
hydrolysis of | to the irans-acid (I11), followed by
oxidation to the corresponding ketoacid and cat-
alytic hydrogenation to a mixture of the acids IlI,
containing 84% of the m-isomer. The latter lac-
tonized spontaneously to Il. The over-all yield of 11,
based on cyclohexene oxide, was 38%.1

It has now been found that I1 is obtained in about
30% yield by one-step reaction of the readily acces-
sible 1-cyelohexene-l-acetonitrile2 (IV) with con-
centrated hydrochloric or hydrobromic acid in
boiling glacial acetic acid. The determination of the

() M. S. Newman and C. A. VanderWerf, J. Am. Chem.
Soc., 67, 233 (1945).
(2) A C. Cope, etal., Org. Syntheses, 31, 25 (1951).
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composition of the lactone obtained was based on
the fact observed by Newman and Vanderwerfl
that | yields on dissolution in aqueous sodium hy-
droxide and subsequent acidification the frans-acid
11, while the as-acid 111, obtained under these
conditions from |1, cyclizes spontaneously again to
1.

The mechanism of this stereospecific reaction
very probably does not consist of initial, hydration
of the double bond and subsequent attack of the
hydroxy group on the nitrile triple bond. In this
case it would have to lead to a mixture of | and 11
and should not markedly depend on the nature of
the acid employed. In fact sulfuric acid, for example,
does not bring about the conversion of IV to II.
The first step in the production of the lactone 11 is
the formation of the unsaturated acid (V); it can
be isolated when the reaction is interrupted after a
shorter time than that required for the formation of
the lactone. The hydrolysis of the nitrile function is
obviously not a simple acid-catalyzed reaction, but
is brought about by an addition of the acid to the
C=N bond and is influenced also by the anion of
the acid. Therefore, the order of the rates of the
reaction of 1V with the acids employed is: hydro-
bromic> hydrochloric> sulfuric acid; this is also the
order of the nueleophilicities of the anions.

The cyclization step, which follows the formation
of the acid V, is not the rate controlling one, since
the acid V is cyclized smoothly in the' presence of
either hydrobromic or sulfuric acid.

EXPERIMENTAL

Reaction of hydrobromic acid with 1-cyclohexene-l-aceto-
nitrile 1V. General procedure. To 20 g. of IV in 80 ml. of
glacial acetic acid, 140 ml. of concentrated hydrobromic
acid was added and the mixture was refluxed for the desired
period of time, after which water was added and the product
extracted with benzene. The benzene layer was washed with
5% aqueous sodium carbonate solution. The acidic products,
obtained by acidification of the washings, were extracted
with benzene and distilled. 1-Cyclohexene-l-acetic acid (V)
distills at 155-158° (20 mm.) and melts at 37°.3 Some
bromine-containing acids were also observed after longer
reaction periods. They boiled at 170-190° (20 mm.), but
have not been oKamed in pure form.

The neutral products remaining in the benzene layer can
be separated by fractionation. The nitrile IV distils at 120°
(20 mm.); the lactone I boils at 145-148° (20 mm.).

The obtained lactone consisted of the cfs-product II.
]I(n oge case only was a small amount of the ¢roras-isomer |
ound.

In order to determine the content of | and Il in the
lactone, the neutral products obtained after evaporating

(3) O. Wallach, Ann., 343, 51 (1905).
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the benzene solution were stirred with warm 10% aqueous
sodium hydroxide solution for 15 min. and extracted with
benzene, which removed the unchanged nitrile IV. The
alkaline solution was acidified with cooling, and the oil
which separated extracted with benzene. From the extract,
the fra?rs-acid could be removed by means of 5% aqueous
sodium carbonate solution, while the as-lactone Il was
obtained by distillation of the benzene solution. B.p. 145-
148° (20 mm.).

Anal. Calcd. for C&#HiD2r C, 68.6; H, 8.6. Found: C,
68.6; H, 8.7.

The trans-acia,
melts at 106°.B

eventually obtained by acidification

The results of the experiments are summarized in
Table I.
TABLE |
Acid Hydrolysis of the Nitrile IV
Hydro- Sul-
chicrie furie
Hydrobromic Acid Acid
Product Acid after after after
(in % of 2 4 7 13 2 4 10 4 10
theory) hr. hr. hr. hr. hr. hr. hr. hr. hr.
Lactones* 23 24 2 2 5
w-s-Laetone (TI) 15 30 8 24
trans-TII 4
\Y 26 10 30 15
Acid m.p. 117° 1 8
Starting mate- 5 30 8 73
rial (1V)
Unsaturated
amidese
Acids contain- 13 15
ing bromine

“Total amount of lactones, when no separation of the
isomers was carried out. 6 See text.

Reaction of sulfuric acid with 1. To 20 g. of IV in 150 ml.
of acetic acid, 100 ml. of 10% sulfuric acid was added and
the reaction mixture was treated as above. In this case,
the neutral product had m.p. 135-152° and showed the same
elementary analysis as the amide of V.1

In the acidic fraction a product m.p. 117° was found.

Reaction of 1-cyclohexene-l-acetic acid (V) with sulfuric
acid. To 4.5 g. of the acid V in 35 ml. of glacial acetic acid,
25 ml. of 50% sulfuric acid was added and the mixture was
refluxed for 4 hr. Water was added and the product worked
up as usual. Distillation of the benzene layer gave 2.5 g.
(55%) of the cfs-lactone II, b.p. 140-150° (20 mm.). An
unidentified acidic product (1 g.), b.p. 180-200° (20 mm.),
was also found.

Department of Organic Chemistry
The Hebrew University

Jerusalem

(4) 0. Wallach, Ann., 353, 292 (1907), m.p. 153°.

Preparation of 4-Carboxy-I,2-
cyclohexanedione Dioxime12

Chartles V. Banks,J. P. LaPlante, and John J. Richard
Received January 13, 1958

In an effort to find a ihc-dioxime which was water
soluble and still possessed the desired properties

NOTES

vol. 23

which would make it useful as an analytical re-
agent for nickel and palladium,3and for the study
of the complexes formed between nickel and the
rfc-dioxime in basic solution,4-13 4-carboxy-I,2-
cyclohexanedionedioxime was prepared in this
Laboratory.

The synthesis of 4-carboxy-1,2-cyclohexanedi-
onedioxime involves the following steps: the high
pressure hydrogenation of ethyl-4-hydroxybenzo-
ate to 4-ethoxycarbonylcyclohexanol, the oxidation
of this alcohol by the acid-chromate method to 4-
ethoxycarbonylcyclohexanone, the selenium di-
oxide oxidation of the monoketone to 4-ethoxy-
carbonyl-l,2-cyclohexanedione, the oximation of
the dione to 4-ethoxycarbonyl-1,2-cyclohexane-
dionedioxime, and hydrolysis of this dioxime to the
desired compound, 4-carboxy-l,2-cyclohexanedi-
onedioxime.

Agqueous oximation of 4-ethoxycarbonyl-1,2-
cyclohexanedione using potassium hydroxide and
hydroxylammonium chloride gave as the major
product 4-hydroxyaminocarbonyl-1,2-cyclohexane-
dionedioxime rather than 4-ethoxyearbonyl-I,2-
cyclohexanedionedioxime. 4-Hydroxyaminocar-
bonyl-1,2-c.yclohexanedionedioxime can also be con-
veniently prepared from 4-ethoxycarbonyl-I,2-
cyclohexanedionedioxime.

The pK values were determined for the three
acidic hydrogens of 4-carboxy-l,2-cyclohexanedi-
onedioxime and the following results were obtained:
pKi = 4.85, plv2= 10.45 and pK3= 12.37.

EXPERIMENTAL

4-Ethoxycarbonylcyclohexanol. 4-Ethoxycarbonylcyclo-
hexanol has been prepared by Ungnade and Morriss. &
Equally satisfactory results were obtained by the following
procedure. One hundred grams of ethyl-4-hydroxybenzoate
and 15 g. of a 2% palladium catalyst®on a strontium car-

() No. XX in a series on “Chemistry of the ric-Di-
oximes.” Previous paper in this series is No. XIX, J. Org.
Chem., 21, 815 (1956).

(2) Contribution No. 583; v'ork was performed in the
Ames Laboratory of the U. S. Atomic Energy Commission.

(3 R. C. Voter and C. V. Banks, Anal. Chem,, 21, 1320
(1949).

(4) N. Il. Furman and B. McDuffie, V. S. Atomic Energy
Comm., M-4234 (1947).

(5) M. Hooreman, Anal. Chim. Acta, 3, 635 (1949).

(6) A K. Babko, Zhur. Neorg. Khim., 1, 485 (1956).

(7) A K. Babko, Zhur. Anal. Khim., 3, 284 (1948).

(8) E. Booth and J. D. H. Strickland, J. Am. Chem. Soc.,
75, 3017 (1953).

(9) F. Feigl, Ber., 57, 759 (1924).

(10) A. Okdc and M. Polster, Collection Czechoslov. Chem.
Communs., 13, 561 (1948).

(11) A. Okdc and M. Polster, Collection Czechoslov. Chem.
Communs., 13, 572 (1948).

(12) P. Wulff and A. Lundberg, Z. Ver. deut. Chem., Beih.,
No. 48, 76 (1944); Chem. Abstr., 41, 7303d (1947).

(13) K. B. Yatsimirskil and Z. M. Grafova, Zhur. Obshchel
Khim., 23, 935 (1953).

(14) H. E. Ungnade and F. V. Morriss, J. Am. Chem.
Soc., 70, 1898 (1948).

(15) R. H. Martin and R. Robinson, J. Chetn. Soc., 491
(1943).
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bonate support were suspended in 150 ml. of purified
dioxane, and the material was reduced at a hydrogen pres-
sure of 1800 p.s.i. at 150° for 4 hr. in a Parr high-pressure
apparatus. The reaction mixture was filtered, the dioxane
removed by distillation and the 4-ethoxycarbonylcyclo-
hexanol was vacuum-distilled through a 50-cm. Vigreux
column. Yield of 4-ethoxycarbonylcyclohexanol, 80%; b.p.
115-123° (4 mm.); m2P 1.4635.

4-Ethoxycarbonylcyclohexanone.  4-Ethoxycarbonylcyclo-
hexanol was oxidized by the acid-dichromate method, ¥ but
because of possible hydrolysis of the ester grouping, the usual
procedure was slightly modified in that the temperature was
not allowed to rise above 35°. The crude 4-ethoxycarbonyl-
cyclohexanone was vacuum-distilled through a 50-cm.
Vigreux column and the product was collected. Yield of
4-ethoxycarbonylcyclohexanone, 65%; b.p. 112-118° (4
mm.); n"£ 1.4594,

4-Ethoxycarbonyl-l,2-cyclohexanedione. The 4-ethoxycar-
bonylcyclohexanone was oxidized with alcoholic selenium
dioxide to give the corresponding diketone. The method
reported by Riley, Morley, and Friend7 as modified by
Hach, Banks, and DiehlB8 was employed. The reaction
mixture was filtered and fractionated through a 50-cm.
Vigreux column under reduced pressure. The dione is very
unstable towards prolonged heating and the distillation
should be completed as rapidly as possible. Yield of 4-
ethoxycarbonyl-1,2-cyclohexanedione, 48%; b.p. 120-135°
{2mm.);< 1.4862.

4-Ethoxycarbonyl-1,2-cyclohexanedionedioxime.  4-Ethoxy-
carbonyl-l,2-cyclohexanedione was oximated by a method
very similar to that of Bachmann and Boatner.19 One-half
mole of the dione, 2 moles of hydroxylammonium chloride,
4 moles of pyridine, and 600 ml. of absolute alcohol were
refluxed for 35 min. on a steam bath. After most of the
pyridine had evaporated, the oily mixture was poured into
an equal volume of cold water to precipitate the crude
4-ethoxycarbonyl-1,2-cyclohexanedionedioxime. This mate-
rial was dried and recrystallized twice from ethyl acetate.
Yield of 4-ethoxycarbonyl-1,2-cyclohexanedionedioxime,
55%; m.p. 167°.

Analytical samples were obtained by dissolving 1 g. of
the ester in 50 ml. of absolute ethanol and passing the
solution through a column 10 cm. in length and 2.5 cm. in
diameter packed with Woelm basic alumina. Ethanol was
used as the eluant. The 4-ethoxycarbonyl-l,2-cyclohexane-
dionedioxime was precipitated from the ethanol by the
addition of petroleum ether, filtered, and dried at 110° for
1hr.

Anal. Calcd. for OHIND 4 N, 13.08%.
12.97%; 13.15%.

4-Hydroxyaminocarbonyl-I ,2-cyclohexanedionedioxime. ~ 4-
Hydroxyaminocarbonyl-I,2-cyclohexanedionedioxime can be
prepared from 4-ethoxycarbonyl-1,2-cyclohexanedionedi-
oxime by using the synthesis given for benzohydroxamic
acid.2 This compound gave a red precipitate with nickel
while cupric acetate produced a greenish-blue color charac-
teristic of hydroxamic acids. It was observed that this
hydroxamic acid was hydrolyzed readily by aqueous acid
solution, which is in agreement with the information re-
ported in the review paper by Yale.2L Yield of 4-hydroxy-
aminocarbonyl-1,2-cyclohexanedionedioxime  60%; m.p.
152°,

Found: N,

(16) J. E. Nickels and W. Heintzelman, J. Org. Chem.,
15, 1142 (1950).

(17) H. L. Riley, J. F. Morley, and N. A. C. Friend, J.
Chem. Soc., 1875 (1932).

(18) C. C. Hach, C. V. Banks, and H. Diehl, Org. Syn-
theses, 32, 35 (1952).

(19) W. E. Bachmann and C. H. Boatner, J. Am. Chem.
Soc., 58, 2097 (1936).

(20) C. R. Hauser and W. B. Renfrow, Jr., Org. Syntheses,
Col. Vol. 11, 67 (1947).

(21) H. L. Yale, Chem. Revs., 33, 209 (1943).
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Anal. Calcd. for CHUN304: N, 21.00%. Found: N,
21.10%; 20.81%.

4-Carboxy-1,2-cyclohexanedionedioxime.  4-Carboxy-I,2-

cyclohexanedionedioxime was obtained by hydrolysis of
4-ethoxycarbonyl-1,2-cyclohexanedionedioxime. This was
accomplished by heating on a steam bath for 1 hr. a mixture
of 0.1 mole of the ester, 0.15 mole of potassium hydroxide,
and 125 ml. of water. After cooling, the reaction mixture
was acidified to pH 1-2, The precipitated acid was filtered
and dried. More acid can be obtained by extraction of the
hydrolysis mixture with diethyl ether. The acid was re-
crystallized by dissolving in a minimum amount of hot
dioxane, adding petroleum ether to incipient cloudiness,
cooling, and filtering. The acid had a purity of 95% based
on micro Dumas nitrogen determinations and titration of
the carboxy hydrogen.

Further purification can be obtained by dissolving ap-
proximately 2 g. of the acid in 50 ml. of dioxane and passing
the solution, while hot, through a column 10 cm. in length
and 2.5 cm. in diameter which was packed with a 1:1 mix-
ture of acidic and basic Woelm alumina. This procedure was
repeated twice and a very pure compound was obtained, as
indicated by titration of the acid which gave a molecular
weight of 186.16; theoretical is 186.17. Yield of 4-carboxy-
1,2-cyclohexanedionedioxime, 50%; m.p. 218-220° with de-
composition.

Anal. Calcd. for CHIN24 N, 15.05%.
15.08%; 15.04%.

pK Determinations. The molar dissociation constants for
4-carboxy-1,2-cyclohexanedionedioxime were determined by
the following methods. The pKY for the carboxy hydrogen
was determined by direct titration with 0.1N potassium
hydroxide after having added a known excess of standard-
ized 0.1W hydrochloric acid. A value of 4.75 (y. = 0.100)
was found. Conversion to the thermodynamic constant,
pKi, by application of the Debye and Huckel theory, gave
a value of 4.85.

The method of Banks and Carlson2 was used to deter-
mine the pK values of the oxime hydrogens. The average
value found for four determinations of pK2 was 10.44 (y =
0.01) and for two determinations of pK3 was 12.31 (y =
0.06). Conversion to the thermodynamic constants gave
10.45 for pK2and 12.37 for pK3

Due to the hydrolysis of 4-hydroxyaminoc.arbonyl-1,2-
cyclohexanedionedioxime the pK values were not deter-
mined.

Found: N,

Institute for Atomic Research and
Department of Chemistry
lowa State College

Ames, lowa

(22) C.V.Banks and A. B. Carlson, Anal. Chim. Acta,
291 (1952).

Reactivity Ratios of
Trifluoromethyl-substituted Styrenes with
Methyl Methacrylate and Styrene

L. E. Coleman,Jr.Yand W. S. Durrell
Received January 21, 1958

To find the effect of substitution of the tri-
fluoromethyl group on the polymerization re-
activity of styrene, the reactivity ratios of 3-

(1) Present address: The Lubrizol Corporation, Cleve-
land 17, Ohio.
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TABLE | The “r” values of these substituted styrenes are
Reactivity Ratio Determinations si_milar to thosg _for ha_logen—substituted styrenes.
Mi i M2 0 Since the reactivity ratio is a measure of the tend-
) ency of one monomer to add to itself or to the
Styrene ,70£.05 3-Trifluorometh-  1,05+.05 comonomer, the results show that the substituted
50+ 10 3 ¥'S.]E}’re”e the 0.o9gs g5 Syrenes add to their own radical slightly faster than
Mgm:ate meth- ,60+£.10 'y{;tyﬂg:]%me - 998%.D they add to the comonomer radical and that sub-
Styrene 45+ 05 2,5-bis(Trifluoro- 1.15+ og Stitution of a second trifluoromethyl group in-
methyl)styrene creases this tendency.
Methyl meth- .57+ .07 2,5-bis(Tri- 1.35+.05 Using the Price-Alfrey scheme with revised Q
acrylate fluoromethyl)- and e styrene and methyl methacrylate, the re-
styrene) activity of 3-trifluoromethylstyrene, Q, and the
TABLE |1
Reactivity Ratio Determination with Methyl Methacrylate
Mi Ms
Mole fraction* M2 Conversion, %  Analysis, %F Mole fraction6 Mj
3-Trifluoromethylstyrene
0.100 9.03 6.3 7.62 0.148 0.174
0.252 2.97 6.0 14.24 0.305 0.439
0.400 1.50 4.5 19.54 0.455 0.837
0.498 1.01 5.2 22.52 0.552 1.234
0.600 0.67 6.0 22.50 0.660 1.943
2,5-Bis(trifluoromethyl)styrene
0.249 3.01 2.6 26.59 0.347 0.531
0.400 1.50 8.6 34.18 0.517 1.07
0.500 1.00 9.5 37.98 0.625 1.66
0.599 0.67 9.3 39.88 0.686 2.19
0.769 0.30 9.8 43.68 0.827 4.79
“ Fluorine-containing styrene in charge. 6 Fluorine-containing styrene in polymer.
TABLE 11
Reactivity Ratio Determination with Styrene
M, M,
Mole Fraction* Mi Conversion, %  Analysis, %F Mole Fraction6 Mi
3-Trifluoromethylstyrene
0.103 8.75 7.4 6.62 0.131 0.151
0.253 2.95 6.3 14.24 0.313 0.457
0.402 1.49 7.0 19.21 0.455 0.836
0.500 1.00 6.4 22.19 0.551 1.227
0.599 0.67 8.6 24.67 0.639 1.767
2,5-Bis(trifluoromethyl)styrene
0.100 8.98 9.4 17.80 0.206 0.260
0.250 3.00 9.0 27.06 0.365 0.574
0.402 1.49 8.5 36.55 0.516 1.065
0.500 1.00 6.4 38.70 0.592 1.452

“ Fluorine-containing styrene in charge. 6 Fluorine-containing styrene in polymer.

trifluoromethylstyrene and 2,5-bis(trifluoromethyl)-
styrene with methyl methacrylate and styrene were
determined by the method of Mayo and Lewis.2
Polymerizations were run in bulk and the compo-
sition of the resultant polymers was determined by
fluorine analysis. The error in the “r” values was
estimated by assuming that the maximum error in
elemental analysis (about +0.25%) is the primary
limiting factor.3 The results are summarized in
Table I.

2) F. R. Mayo and F. M. Lewis, J. Am. Chem. Soc., 66,

1594 (1944).

polarity, e, were calculated to be 0.92 and —0.28
respectively. Values of Q = 1.14 and e = —04
were calculated for 2,5-bis(trifluoromethyl)styrene.

EXPERIMENTAL

Monomers. Commercial samples of styrene and methyl
methacrylate were redistilled before use. The trifluoromethyl
styrenes were prepared.by Dr. E. T. McBee.4

(3) T, Alfrey, Jr., and H. Mark, Copolymerization, High
Polymers, Vol. V111, Interscience, New York (1952).
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Reactivity ratio determinations. Polymerization was car-
ried out in bulk at 60° using 1.0% benzoyl peroxide initiator.
The polymer was precipitated in methanol and unreacted
monomer was extracted by low-boiling petroleum ether in a
Soxhlet extractor for 6 hr. For further purification the poly-
mer was twice reprecipitated from benzene or trifluorometh-
ylbenzene. The conversion in these reactivity ratio studies
were of the order of 5-10% and never more than 10%. The
experimental data are summarized in Tables Il and I11.

M aterials Laboratory
W right Air Development Center

W right-Patterson Air Force Base, Ohio.
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unprecedented. Another interesting feature is the
relatively great instability of p-nitrobenzyl nitrite.
While it is not difficult to imagine why p-nitro-
benzaldehyde should go over to the acetal rather
readily, it is less than obvious why p-nitrobenzyl
nitrite is so unstable.

EXPERIMENTAL3

Decomposition of p-nitrobenzyl nitrite. p-Nitrobenzyl
nitrite was prepared by the previously reported method2

(4)  This work was supported by the United States Airexcept that purification was accomplished by molecular dis-

Force under contract and monitored by the Materials
Laboratory, Wright Air Development Center, Wright-Pat-
terson Air Force Base, Ohio.

para-Nitrobenzyl Nitritel

Nathan K ornblum and Wittiam M. Weaver

Received January 24, 1958

In the course of another study it became neces-
sary to know something of the chemical properties
of p-nitrobenzyl nitrite, a compound first prepared
in 1955.2

p-Nitrobenzyl nitrite is a yellow liquid which has
previously been reported2to decompose to a light
yellow solid (uncharacterized) on standing over-
night exposed to the atmosphere, in the dark, at
room temperature. In the present study, the nitrite
ester was protected from the atmosphere and al-
lowed to decompose at room temperature in the
dark; four days were required for complete solidi-
fication. During this time a colorless gas, which
turned brown on contact with the air, and which
attacked mercury, was evolved. The resulting light
yellow solid was easily separated into two compo-
nents: p-nitrobenzaldehyde (24% vyield), and the
acetal (1) of p-nitrobenzaldehyde with p-nitro-
benzyl alcohol (72% yield). The colorless gas is
presumably nitric oxide.

N02
|

The formation of an acetal in the thermal de-
composition of a nitrite ester is, to our knowledge,

(1) This work was supported by a grant from the Ex-
plosives Department of E. I. du Pont de Nemours and
Co., Inc.

(2) N. Kornblum, R. A. Smiley, R. K. Blackwood,
and D. C. Iffland, J. Am. Chem. Soc., 77, 6269 (1955).

tillation at ca. 10~3mm. and room temperature; the distil-
late was kept at Dry Ice temperature as it was being col-
lected. A 6.4-g. (0.035 mole) sample, n® 1.5498; m.p.
12.5°, was protected from the atmosphere by a mercury
valve and allowed to stand in the dark at room temperature.
Sometime during the first 12 hr. the evolution of a colorless
gas, which attacks mercury and which turns brown on con-
tact with air, commenced. After 4 days all the liquid had dis-
appeared and in its place a pale yellow solid, 5.2 g., m.p.
105-155° remained.

Digestion of this solid with refluxing acetone gave, upon
cooling, the acetal (I), 3.9 g. (.0088 mole), m.p. 209-210°
(72% yield). Evaporation of the acetone left 1.3 g. (0.009
mole, 24% vyield) of p-nitrobenzaldehyde, m.p. 102-104°;
recrystallization gave m.p. 105-106°, mixed m.p. with an
authentic sample of m.p. 105-106°, was undepressed.

The dinitrophenylhydrazone prepared from the aldehyde
had m.p. 318° (dec.); a mixed m.p. determination with the
dinitrophenylhydrazone of authentic p-nitrobenzaldehyde,
m.p. 318° (dec.), showed no depression.

Characterization of acetal (1). This chalk white solid, m.p.
209- 210°, was insoluble in water, ethyl ether, and benzene
and was slightly soluble in acetone, dioxane, and ethyl ace-
tate. Recrystallization from acetone raised the m.p. of | to
210- 211° | does not react with aqueous potassium per-
manganate or dinitrophenylhydrazine reagent. It dissolves
in cold concentrated sulfuric acid to give a colorless solution
which, when poured on to ice gave straw yellow crystals,
m.p. 100-102°. Recrystallization from water raised the m.p.
to 105-106°; a mixed m.p. with authentic p-nitrobenzalde-
hyde, m.p. 105-106°, was undepressed. The dinitrophenyl-
hydrazone had m.p. 318° (dec.), and a mixed m.p. with
authentic dinitrophenyl hydrazone m.p. 318°, was unde-
pressed.

Hydrolysis of 0.3 g. of the acetal (1) was also accomplished
by heating under reflux for 4 hr. in 35 ml. of 43% aqueous
dioxane containing 5 drops of concentrated hydrochloric
acid. The resulting solution was cooled to room temperature
and treated with benzoyl chloride and 10% aqueous sodium
hydroxide; this gave p-nitrobenzyl benzoate m.p. 89-92°.
Recrystallization from ethanol raised the m.p. to 92-93°. A
mixed m.p. with an authentic sample of p-nitrobenzyl ben-
zoate (m.p. 91-93°) gave m.p. 91-93°.

Anal. Calcd. for Cj.HnNsOg: C, 57.6; H, 3.90; N, 9.56.
Found: C, 57.6; H, 3.77; N, 9.76.

Synthesis of the acetal of p-nitrobenzaldehyde and p-nitro-
benzyl alcohol (1). p-Nitrobenzyl alcohol, 1.0 g. (0.0065 mole),
and p-nitrobenzaldehyde, 0.5 g. (0.0033 mole), were dis-
solved in 50 ml. of dry benzene. One drop of 85% phosphoric
acid was added and the benzene-water azeotrope was slowly
distilled out; from time to time dry benzene was added to
maintain the volume between 15 and 50 ml. The distillation
was conducted for 16 hr. during which time 85 ml. of benzene
distilled.

The precipitate which formed, even in the hot solution,
was isolated by cooling the mixture to room temperature
and filtering; 1.14 g. (80% yield), m.p. 204-210°. Recrystal-

(3)  Microanalyses by Dr. C. S. Yeh and Mrs. S. Mar-
gerum of this department.
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lization of 0.26 g. from acetone gave 0.22 g., m.p. 210-211°.
A mixed melting point with the acetal obtained from the de-
compos:tion of p-nitrobenzyl nitrite gave no depression.

D epartment of Chemistry
Purdue University

Lafayette, Ind.

Allvlic Chlorides. XXV. The
1,1,3-Trichloro-l-propene and I,I-Dibromo-3-

Reaction of

chloro-l-propene with Potassium lodide in

Acetonel

Lewis F Hatch and Shih-Hsi Chu
Received January SO, 1958

The preparation and properties of 1,1,3-trichloro-
1-propene and 1,I-dibromo-3-chloro-I-propene have
been reported recently.11t was noted that the re-
action of the I I-dihalo-3-chloro-l-propenes with
potassium iodide, while giving the expected 1,1-
dihalo-3-iodo-I-propenes, did not yield kinetic data
of value at 20°.

Kinetic data have now been obtained for this re-
action with 1,1,3-trichloro-l-propene at 0°, 5°,
and 103 (Table I). From these data the energy of
activation for the reaction was calculated by use of
the Arrhenius equation to be 12 kcal./mole. The
straight line relationship between In k and 1/T
indicated that k at 20° would be ca. 49. This figure
represents a relative reactivity for 1,1,3-trichloro-
I-propene of ca. 98 (allyl chloride as 1.00 with k =

TABLE |
Reaction of 1,1,3-Trichloro-l-propene with Potassium
lodide in Acetone
k
hr. 1
Temper- Time, % mole-1
ature hr. Reacted 1 Average
© 0.50 59.2 9.64
0.63 67.2 9.56
0.78 74.0 9.50
0.87 76.8 9.36
1.08 82.7 9.07 9,42 + 0.17
5.0° 0.25 515 15.6
0.37 65.2 15.6
0.47 73.3 154
0.57 79.1 15.3
0.62 80.9 «14.8 153 +0.2
10.0° 0.16 48.5 21.3
0.28 67.1 213
0.35 74.2 215
0.44 81.4 21.3
0.50 83.8 20.4 212 0.2

(1) Number XXIV of this series: L. F. Hatch and
S. D. Zimmerman, J. Am. Chem. Soc., 79, 3091 (1957).

(2 L. F. Hatch and L. S. Gerhardt, J. Am. Chem. Soc.,
71, 1679 (1949).
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0.502). When both 1,1-substituents are CH3 the
relative reactivity is 28.2

An attempt was made to obtain similar data for
I,I-dibromo-3-chloro-I-propene but the reaction
was too fast at —10° to give acceptable kinetic data.
Three points were obtained which gave an average
k value of 151 £+ 3.

The marked increase in reactivity in going from
chlorine to bromine in the number 1 position has
been noted previously5and ascribed to steric effects
related to the size of the bromine atom. Apparently
steric, inductive, and resonance effects all influence
the reactivity of the allylic chlorine atom and this
makes it difficult to relate cause and effect.4

EXPERIMENTAL

1,1,3-Trichloro-l-propene. 1,1,3-Trichloro-l-propane was
prepared from 1,1-dichloro-I-propene by bromination using
V-bromosuccinimide, hydrolysis of the 3-bromo-1,I-dichloro-
1-propene to 3,3-dichloro-2-propen-l-ol and conversion of
the alcohol to the trichloride using phosphorus trichloride
in dry pyridine in a manner similar to that described previ-
ously.1B.p. 59° (50 mm.); n2y 1.4931 [lit.1b.p. 59.5° (50
mm.); n25 1.4930].

1 I-Dibromo-3-chl.oro-I-propene. This compound was pre-

pared from 1,1-dibromo-I-propene (0.25 mole) by reaction
with A'-chlorosuccinimide (0.25 mole) at 70° for 8 hr. in
the presence of benzoyl peroxide (10 g.), using carbon tetra-
chloride as the solvent. A 47% vyield of II-dibromo-3-
chloro-l-propene was obtained and it had the following
physical constants: b.p. 37-38° (1.0 mm.); nZ5 15620
[lit.1b.p. 35.5-36° (0.6 mm.); r2b 1.5634],

Reaction of 1,1,3-trichloro-I-propene with potassium iodide
in acetone at 0°, 5° and 10°. The procedure used was similar
to that described previously.6 With the usual modified
second-order rate equation, the plot of log 5-Z/(5)(I-Z) vs.
time where Z is the fraction of potassium iodide having
reacted in time t, gave a straight line between ca. 50 and
80% reacted at 0°, 5° and 10°. The rates at 0° and 5°
showed some drift. The data are presented in Table I.

Reaction of 1,1-dibromo-S-chloro-l-propene with potassium
iodide in acetone at —10°. Experimental difficulties pre-
vented the obtaining of reliable kinetic data for this reaction.
The following data are approximate.

Time, hr. 0.067 0.083 0.100
Reacted, % 85. 88. 93.

k, hr.'1mole-11 159 146 149
Av. k 151+ 3

It is assumed that the vinyl bromine atoms have not
reacted.3
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Chem. Soc., 70, 1093 (1948).



AUGUST 1958

Solvolysis of Diarylcarbinyl Chlorides

J. Packer, J. Vaughan and A F. Wiitson

Received February 8, 1958

In connection with studies on naphthalene re-
activity, we were following the solvolysis of naph-
thylphenylcarbinyl chlorides at the time of publica-
tion of the important work of Brown and Oka-
motol2on a+ values. It then seemed logical to ex-
pand our solvolytic studies to obtain a+figures for
comparison with those of Brown and Okamoto.
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EXPERIMENTAL

Of the carbiny] chlorides listed in Table I, compounds I,
I, 111, and 1V were prepared by the action of dry hydrogen
chloride on the parent carbinols. In preparing the less
reactive carbinyl chlorides V, VI, and VII, thionyl chloride
replaced hydrogen chloride. All the parent carbinols were
prepared by one of two standard methods depending on the
commercial availability of the appropriately substituted
benzaldehyde or benzoic acid. Carbinols prepared by
the action of phenylmagnesium bromide on an aldehyde
were obtained in 40-50% vyield. Carbinols prepared from
the relevant acid via a substituted benzophenone were
obtained in overall yields of 55-65%. Reduction of phenyl
TO-nitrobenzophenone was effected, by a Meerwein-Poundorf-
Verley reduction, as compared with the zinc/alkali method

TABLE |
Solvolysis of ArCH(CEHS)CI

k X 106 (sec.” )

R 5° 10° 15° 25° 35° 45° 55° 65° 75°
1-Naphthyl 4.06 7.83 15.2 49.6
| 4.10 8.11 15.2 47.6
4.01 8.17 48.8
49.1
2-Naphthyl 3.24 6.12 12.2 40.6
1 3.21 6.04 11.6 40.4
6.06 11.6 41.4
6.15 10.8
?re-Tolyl 13.7
i 13.7
Phenyl 1.49 5.45* 17.4 51.8
v 1.54 5.38 17.8 53.1
5.34 18.1 49.4
51.3
TO-Bromophenyl 0.131 1.58 14.0
\% 13.9
m-Chlorophenyl 0.121 1.55 13.1
VI 12.5
?u-Nitrophenvl 0.0103” 0.123 0.366 1.10 2.86
VI 0.118 1.03 2.78

aCf. k = 5.30,44.43.56 Obtained by extrapolating the Arrhenius plot.

Deno and Evans3 have recently compared inde-
pendently determined values for these parameters
and the limited data available to them on aryl-
phenylcarbinyl chloride ethanolysis are extended
by the results now reported.

Hughes, Ingold, and Taher4 followed the etha-
nolysis of certain phenyl-p-alkylphenylcarbinyl
chlorides at 25°. Norris and co-workers66 also re-
ported rate data for a number of compounds, but
they included only two meta substituents, and to
obtain an accurate p value without resorting to
Brown’s <+ values, more meto-substituted com-
pounds were required for study.

(1) H. C. Brown and Y. Okamoto, J. Am. Chem. Soc.,
79, 1913 (1957).

(2) Y. Okamoto and H. C. Brown, J. Org. Chern., 22, 485
1957).
( (3))N. C. Deno and W. L. Evans, J. Am. Chem. Soc., 79,
5804 (1957).

(4) E. D. Hughes, C. K. Ingold, and N. A. Taher, J.
Chem. Soc., 949 (1940).

(5) J. F. Norris and c. Banta, J. Am. Chem. Soc., 50,
1804 (1928).

(6) J. F. Norris and J. T. Blake, J. Am. Chem. Soc., 50,
1808 (1928).

adopted in other cases. Data on the carbinyl chlorides,
together with analyses where appropriate, are as follows:

I, m.p. 58°.

Il, m.p. 74.8°.

111, b.p. 119°T mm.; nD 1.5958.

Anal. Calcd. for CUH1C1: C, 77.59; H, 6.05; Cl, 16.36.
Found: C, 77.78; H, 6.00; Cl, 16.37.

1V, b.p. 134°/4 mm.

V, b.p. 133°/1 mm.; n® 1.6180.

Anal. Calcd. for CiHi®BrClI: C, 55.45; H, 3.58; Br, 28.38;
Cl, 12.59. Found: C, 55.70; H, 3.50; Br, 27.95; CI, 12.39.

VI, b.p. 126°/1 mm.

VIl, b.p. 15271 mm.; nD 1.6112.

Anal. Calcd. for CiHIONCI: C, 63.04; H, 4.07; N, 5.66;
Cl, 14.32. Found: C, 63.14; H, 3.94; N, 5.50; Cl, 14.27.
Phenyl m-nitrophenylcarbinol melted at 65.5°.

Anal. Calcd. for CiHNON: C, 68.11; H, 4.84; N, 6.11.
Found: C, 68.34; H, 4.62; N, 6.20.

The titration method of the earlier workers was adopted
in following the solvolyses in ethanol.

Results. First-order rate constants and derived
Arrhenius data are given in Tables | and Il. Uni-
molecular solvolysis was checked by ethoxide addi-
tions, which were accompanied by unchanged reac-
tion rates except with higher concentrations ap-
proaching that of the carbinyl chloride (ca. 0.01M).
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Rate increases in the latter instances were probably
the result of appreciable increases in ionizing power
of the solvent, to which the SNL reaction is very
sensitive.

TABLE I

Arrhenius Parameters and Derived Data

keal. AAH + TAAS250
Com- mole-1  logio A kcal. kcal.
pound (£0.20) (+0.1) mole-1 mole-1
I 20.45 11.67 - 101 0.30
1 21.04 12.01 -0.43 0.76
\Y 21.47 11.45 (0.00) (0.00)
\% 23.38 11.24 1.91 -0.29
VI 23.32 11.17 1.85 -0.38
VII 23.20 10.00 1.73 -1.97

In calculating p for the reaction, cnly meta sub-
stituent data were used and the linear plot of log™
k2> versus a was fully satisfactory. Relevant in-
formation on the plot is given by the figures: p =
—4.030; r = 0.996; s = 0.14; n = 5, where the
symbols have their standard significance.7

Where comparison is possible, the rate constants
of Hughes, Ingold, and Taher are consistently
higher than those of Norris by a reasonably constant
difference which has been commented upon by the
first-named group. The value now reported for
diphenylcarbinyl chloride agrees closely with that
of Hughes et al. and a “correction” factor has been
applied to the results of Norris to make them
comparable with the data of Hughes and of the
present work. Results then lead to the figures in
Table Ill.

NOTES

TABLE Il
<+ Parameters
) I+ a+
Substit- K5 X 106 (Present (Okamoto
uent (sec.-1) Work) & Brown)

m-NOi 0.0103*
ro-Cl 0.124¢
ra-Br 0.132*
w©CH3 13.7¢
H 5.41¢
3:4-C«H, 40.3" -0.207 -0.132
P-CH, 123.0s -0.327 -0.306
P-CH5 120.0s -0.324 -0.291
p-iso-CH17 106.06 -0.311 -0.276
p-tert-CtTI, 98.7s -0.303 -0.250
p-Cl 1.48s -0.158 - 0.112
p-Br 1.23s -0.179 -0.148
p-OCsHs 1170.0s -0.555 —0.63
p-cth5 50.2s -0.218 -0.12¢

“ Present work. *Ref. 4. cRefs. 5 and 6. “ See ref. 3.

Agreement between the last two columns is seen
to be good. The effect of the 3:4 C@H3substituent
in a number of reactions is currently being reviewed

(7) H. H. Jaffé, Chem. Revs., 53, 191 (1953).
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by us and comment on this substituent is at present
withheld.
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Reactions of Some Organochlorosilanes in
Acetone

T oshio Takiguchi

Received February 4, 1958

The author wishes to report on the conversion of
some organochlorosilanes to siloxanes in acetone.
When solutions of organochlorosilanes in acetone
are allowed to stand at room temperature for ex-
tended periods, conversion to organopolysiloxanes
occurs, all of the silicon-chlorine bonds being re-
placed by silicon-oxygen bonds.

EXPERIMENTAL

Reagents and general -procedure. Silicon tetrachloride (here-
after called STC), methyltrichlorosilane (MTS), dimethyl-
diehlorosilane (DDS), diphenyldichlorosilane (DPDS) pro-
vided in purified grades by the Shin-etsu Chemical Indus-
trial Company were used. Acetone was purified according
to the ordinary method; titration with Karl Fischer reagent
showed 0.2% (mean) water content. Each solution of the
chlorosilane in acetone was enclosed in a Pyrex glass tube of
2 cm. in diameter and 15 cm. in length and allowed to stand
at room temperature. After several days, the solution
developed a yellowish color which became dark gradually.
Ultimately it turned dark red, nearly black, and at the same
time the corresponding polysiloxane was formed. The time
required for these changes, and the character of polysiloxane
finally formed, varied with the concentration and with the
chemical identity of the chlorosilane used, but much more
with the water content of acetone used. For example, the
addition of a small amount of water (or methanol) to the
initial mixture promoted the coloration and the formation
of polysiloxanes remarkably.

The reactions of individual silanes in acetone thus ob-
served are described below.

STC, MTS. Each of them shows an entirely similar
reaction in acetone; solutions in acetone finally form dark
red gels. Especially when the solution consists of 1 mole of
silane and 3-5 moles of acetone, the whole mixture solidifies,
transforming into a dark red, brittle gel. The reaction takes
a period of 3 or 4 weeks. In a previous publication,1this red
gel was described as an addition compound of STC and
acetone, but no information about its structure or composi-
tion was given.

The author now concludes that these red gels are poly-
siloxane (Si02n and methylpolysiloxane (CH3IOi.6)n,
respectively. For evidence, the gel was decolorized gradually
on being extracted with fresh acetone, ultimately turned to
white and translucent, while acetone acquired a deep red
color and emitted a characteristic terpene-like odor. The
X-ray powder pattern for white gels showed broad halos

(1) W. R. Trost, Nature, 169, 289 (1952).
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at 3.90 A (for gel from STC), at 4.09 A (for gel from MTS)
respectively, in good agreement with those of two poly-
siloxanes prepared by direct hydrolysis of STC and of
MTS.

Anal. For STC gel (Calcd. for rtSi02 Si, 46.75; Found:
Si, 46.54), for MTS gel (Calcd. for «CH,SiOi.t: Si, 41.85;
Found: Si, 41.57). No chlorine was detected by an argento-
metric titration carried out after ignition with sodium per-
oxide.

On shaking the red acetone with 5% sodium hydroxide
solution, a deep red oily layer was separated at the top,
from which mesityl oxide (b.p. 131°/760 mm., dIB
0.8535) was isolated; the distillation residue was a tar-
like, black material from which no pure substances were
isolated hitherto. It is considered to be a high order con-
densation product of acetone.

DDS. From DDS solution in acetone, when it contained
not less than 5 moles of acetone per 1 mole of DDS, a color-
less transparent oily layer separated at the bottom after
standing for about 2 weeks. Fractional distillation under
atmospheric pressure showed that it consisted of hexa-
methylcyclotrisiloxane (b.p. 134°/760 mm.), octamethyl-
cyclotetrasiloxane (b.p. 175°/760 mm., raZ3 1.3966) as the
main products, and of higher polymers of dimethylsiloxane.
The polymer fraction Was very difficult to purify, because
it gave no distillate below 200° under 2 mm. and its molecular
weight changed (measured cryoscopically in benzene) on
heating.

DPDS. From DPDS solution in acetone, hexaphenylcyclo-
trisiloxane (hereafter called trimer) crystallized upon stand-
ing. From a solution of suitable composition (e.g. DPDS, 8 g.;
acetone, 25 g.; chloroform, 5 g.), trimer was obtained as
large hexagonal plates of 5-10 mm. in width. Thorough
investigations2 on the relation between mixing ratio and
yield of trimer, have been made recently in this laboratory.
Properties of trimer produced here are as follows: m.p.
189°, d15 1.23, mol. wt. 579-609 (in benzene).

Anal. Calcd. for CEH36i303: Si, 14.16; C, 72.68; H, 5.09.
Found: Si, 14.06; C, 72.77; H, 4.83.

The X-ray powder pattern data are in complete agree-
ment with those given by Hyde3as type 13 (trimer in ortho-
rhombic system).

When non-purified acetone was used, the trimer was
obtained much sooner (2 or 3 days after mixing, with the
yield of 80% max.). These results would suggest that this
“acetone method” is a convenient method for preparation of
the trimer which is usually synthesized after the method of
Burkhard.4

Reaction of other ketones. The author confirmed the state-
ment by Roehow and Gingold6 that acetophenone did not
react with any of the chlorosilanes. Methyl ethyl ketone
was found to react with chlorosilanes used here in just the
same manner of acetone, except that the siloxane formation
was far slower and the color developed was a dark somewhat
greenish red.
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Dicyclopropylmercury and Divinylmercury
Received February 5, 1958
G. F. Reynolds,1 Raymond E. Dessy, and H. H. Jaffe

In the course of an investigation of the electro-
philic cleavage of dialkylmercury compounds, two
new mercury compounds, dicyclopropyl- and
divinyl-mercury, were prepared in good yield by
the action of mercuric chloride on the corresponding
Grignard reagent in tetrahydrofuran.

It might be expected that since dialkylmercury
compounds in general, with the exception of di-
methylmercury, decompose on standing to give
hydrocarbons and metallic mercury,2 these com-
pounds would exhibit considerable instability.
However, dicyclopropylmercury stood for several
weeks at room temperature exposed to sunlight
without giving noticeable evidence of decompo-
sition, while during the same period of time di-n-
propylmercury showed considerable decomposition.
Divinylmercury can be stored in the cold for
several weeks without apparent decomposition, al-
though over the same period of time at room tem-
perature some deposition of mercury is detectable.
It should be noted that although no previous prepa-
ration of divinylmercury has been reported, a series
of substituted vinylmercury compounds were pre-
pared and studied by Nesmeyanov and co-workers,8
and the vinylmercuric halides were recently pre-
pared by reaction of tetravinyltin with the cor-
responding mercuric halides.4

The identities of the two compounds were estab-
lished by their infrared spectra and carbon-hydro-
gen analysis. The spectrum of dicyclopropylmercury
resembles that of cyclopropyl bromide6with strong
absorptions at 809, 880, 1030, and 2990 cm.-1.
The spectrum of divinylmercury shows four strong
absorptions at 938, 1010, 1250, and 2980 cm.-1, and
two medium adsorptions at 1400 and 3040 cm.-1.
The absorption peaks at 2980 and 3040 cm.-1 are
attributed to CH stretching vibrations, those at
938 and 1010 cm.-1 to CH2and CH out-of-plane
deformation vibrations, and that at 1400 cm.-1 to
a CH2in-plane deformation vibration. The medium
absorption peak at 1250 cm.-1 is unaccounted for
and appears also in the spectrum of dicyclopropyl-
mercury.

This method of preparing the dialkylmercuries
involving the addition of a tetrahydrofuran solu-
tion of mercuric chloride to a tetrahydrofuran solu-

(1) Fulbright Fellow, University of Paris, France (1956-
57).
(2) Roehow, Hurd, and Lewis, The Chemistry of Organo-
metallic Compounds, John H. Wiley and Sons, Inc., New
York, 1957, p. 117.

(3) A N. Nesmeyanov and A. E. Borisov, Tetrahedron,
I, 158 (1957).

(4) D. Seyferth, J. Org. Chem., 22, 478 (1957).

(5) J. D. Roberts and V. C. Chambers, J. Am. Chem. Soc.,
73, 5030 (1951).
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tion of the Grignard reagent is a general one, and
seems to be much superior to their preparation in
ether. Mercuric chloride is but slightly soluble in
ether and is inclined to cake in the reaction mix-
ture,6while 100 g. of mercuric chloride can readily
be dissolved in 100 ml. of tetrahydrofuran. Further-
more, prolonged periods of heating to obtain satis-
factory yields7are no longer necessary. In several
attempts to prepare di-n-propylmercury in good
yield in ether after the improved method of Gilman
and Brown,8the highest yield obtained was 57%.
Marvel and Gould6report a 51% vyield of this com-
pound in ether solution. A single trial using tetra-
hydrofuran gave a 75% vyield of the di-n-propyl-
mercury.

EXPERIMENTAL

Al reactions were carried out under an atmosphere of dry
nitrogen. The tetrahydrofuran employed was predried over
sodium hydroxide pellets and distilled from sodium wire.

Dicyclopropylmercury.  Cyclopropylmagnesium bromide
was prepared in tetrahydrofuran from magnesium turnings
and cyclepropyl bromide, which was made according to
the method of Roberts and Chambers.9To 4.6 g. (0.19 mole)
of magnesium in a 250 ml. 3-necked flask equipped with
stirrer, water-cooled condenser, thermometer, and dropping
funnel was added just enough tetrahydrofuran to cover the
surface of the magnesium and approximately 3 ml. of cyclo-
propyl bromide. Reaction was thoroughly initiated by heat-
ing the solution to reflux for several minutes. The remaining
0.19 mole of cyclopropyl bromide, dissolved in 100 ml. of
tetrahydrofuran, was added over a period of 1 hr. with the
temperature of the reaction being held at 15-20° with an
ice water bath to prevent coupling. Reaction was com-
pleted by heating the solution to between 50-60° for 1 hr.

To this Grignard solution was added dropwise with
stirring a solution of 20.6 g. of mercuric chloride (80% of
theory) in 50 ml. of tetrahydrofuran. After the addition was
completed the solution was gently refluxed overnight. At
the end of this time the solution was cooled and hydro-
lyzed with 50 ml. of water. Stirring was continued during the
entire heating and hydrolysis. The liquid was separated
from the pasty precipitate by suction filtration, the organic
layer extracted with ether, washed with several portions of
water, and dried over anhydrous magnesium sulfate. After
preliminary stripping off of the organic solvent at atmos-
pheric pressure using a water bath, the remaining liquid
was transferred to a small distillation flask and vacuum dis-
tilled. 13.7 g. of dicyclopropylmercury was obtained (64%
of theory), b.p. 110- 112° at 18 mm.

Anal. Calcd. for CAH1Hg: C, 25.49; H, 3.57. Round: C,
25.56; H, 3.72.

Divinylmercury. Vinylmagnesium bromide was prepared
from 30.4 g. (1.25 mole) of magnesium turnings and excess
vinyl bromide in 500 ml. of tetrahydrofuran according to the
method of Normant.0 To the Grignard solution in a 2-1
flask equipped as previously described was added dropwise
a solution of 136 g. of mercuric chloride (80% of theory) in
200 ml. of tetrahydrofuran. Addition was accomplished over

(6) C. S. Marvel and V. L. Gould, J. Am. Chem. Soc., 44,
153 (1922).

7) H. Gilman and R. Brown, J. Am. Chem. Soc., 51,
928 (1929).

(8) H. Gilman and R. Brown, J. Am. Chem. Soc., 52,
3314 (1930).

(9) J. D. Roberts and V. C. Chambers, J. Am. Chem. Soc.,
73, 3176 (1951).

(10) H. Normant, Bull. soc. chim. France, 728 (1957).
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a period of 1 hr. with stirring at a temperature of about 60°.
After completion of addition the solution was heated for 1
hr. with stirring at 60° with an infrared lamp. The solution
was then allowed to cool, and the remaining Grignard de-
composed by hydrolysis with 250 ml. of water. Work-up
proceeded as before with the exception that the organic
solvent was separated from the rather volatile divinyl-
mercury by use of a Rinco Rotary Evaporator. Using a water
aspirator and a water bath at 30° the solvent came off at
about 20 mm. The evaporation was discontinued when
the pressure fell abruptly to 12-14 mm. The remaining
liquid was distilled under vacuum through a 10 cm. Vigreux
column by use of a water bath. 76.8 g. of divinylmercury
(60% of theory) was obtained, b.p. 48-50° at 14 mm.

Anal. Calcd. for CHeHg: C, 18.86; H, 2.38. Found: C,
18.81; H, 2.58.

Because of its volatility, divinylmercury should be
handled with extreme care in a good hood, as the dangerous
toxicity of organomercury compounds is well known.1l
Divinylmercury readily decolorizes potassium permanga-
nate solution while dicyclopropylmercury does not.
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(11)  Sax, Handbook of Dangerous Materials, Reinhold

Publishing Corp., 1951, p. 236.

Use of Chlorides in the
Preparation of Organic Sulfides

Gene Sumrell and Edwin D. Hornbaker!
Received February 17, 1958

The reaction of alkyl bromides or iodides with
sodium sulfide to give organic sulfides is well
known.2 Alkyl chlorides, though frequently more
readily available than the bromides or iodides, are
seldom employed.

Our research activities required a sample of bis-
(2-ethylhexyl) sulfide. Since this material does not
appear to be listed in the literature, we sought a
method of preparation, preferably one suitable for
scaling up, and which utilized commercially avail-
able intermediates. Since 2-ethylhxeyl bromide and
iodide were not readily available, the usual method
of allowing an alkyl bromide or iodide to react wdth
sodium sulfide in aqueous or alcoholic solution was
not applicable.3 The reaction of 2-ethylhexyl

(1) Present address: Ethyl Corp., Baton Rouge, La.

(2) See (@) D. T. McAll'an, T. V. Cullum, R. A. Dean,
and F. A Fidler, J. Am. Chem. Soc., 73, 3627 (1951); and
(b) R. W. Bost and M. W. Conn, Org. Syntheses, Coil. Vol.
11, 547 (1943).
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chloride with sodium sulfide was inviting if suitable
conditions could be found for causing it to take
place. As expected, this reaction was very slow in
aqueous or alcoholic solution. The use of ethylene
glycol as a solvent gave a much more satisfactory
procedure (see Experimental). The yield of bis-
(2-ethylhexyl) sulfide from such a run was 76%.

As a further check on the usefulness of ethylene
glycol as a solvent in the reaction of an organic
chloride with sodium sulfide, a run was carried out
employing 1,4-dichlorobutane. This reaction pro-
ceeded smoothly giving a 67% yield of tetramethyl-
ene sulfide.

Though our examples illustrating the usefulness
of ethylene glycol as a solvent in the preparation of
organic sulfides are limited, it appears likely that
the method is of general applicability. Since we do
not plan further investigation along this line, we
feel it is desirable that we report our results for
those who may find the method of interest.

EXPERIMENTAL

The starting materials were obtained from commercial
sources and were used without purification. Boiling points
are uncorrected. Fractionations were carried out through an
80-cm. Podbielniak-type column similar to that described by-
Cason and Rapoport.®

Bisifi-ethylhexyl) sulfide. A two-phase mixture of 74.3 g.
(0.5 mole) of 2-ethylhexyl chloride, 60 g. (0.25 mole) of
sodium sulfide nonahydrate, and 200 ml. of ethylene glycol
was maintained at the boiling point (about 135°) under
reflux for 24 hr. The course of the reaction was followed by
removing a small sample of the upper phase from time to
time to time and checking its refractive index. This property
showed a moderately rapid increase during the early stages
but had essentially ceased changing at the end of the heating
period. At this point the upper layer was separated, washed
twice with water, and dried over calcium chloride. Fractiona-
tion gave a forerun of about 10 g. of 2-ethylhexyl chloride,
followed by 49 g. (76%) of nearly colorless product at 178-
179° (23 mm.), nZ 1.4622.6

Anal. Calcd. for CuHnS: C, 74.34, H, 13.26, S, 12.40.
Found: C, 74.46, H, 13.09, S, 12.24.

On a similar run to that described above, except that 200
ml. of ethanol was used in the place of the ethylene glycol,
it was observed that the ethanol remained primarily in the

(3) Since 2-ethylhexanol is commercially available, the
method of preparation of sulfides utilized by F. Drahowzal
and D. Klamann [Monatsh., 82, 970 (1951)] involving the
reaction of an alkyl-4-toluenesulfonate with sodium sulfide
was seriously considered. However, this would have involved
the preparation of 2-ethylhexyl-4-toluenesulfonate as an in-
termediate, and was abandoned in favor of the direct reaction
of the alkyl chloride with sodium sulfide.

(4) J. Cason and H. Rapoport, Laboratory Text in Organic
Chemistry, Prentice-Hall, Inc., New York, N. Y., 1950, p.
238.

(5) On one run similar to that described here, except that
no ethylene glycol was added, many hours of refluxing gave
very little reaction. Fractionation of the top phase gave a
recovery of 75% of the 2-ethylhexyl chloride and revealed
no significant amount of the desired sulfide. A small forerun
was not identified. When ethylene glycol was added to the
run described above, it dissolved essentially completely in
the sodium sulfide nonahydrate phase, giving a higher reflux
temperature and possibly increasing the amount of alkyl
chloride which dissolved in this phase.
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upper phase with the alkyl chloride at the start of the reac-
tion. As the reaction proceeded (reflux temperature, about
80°), the lower phase increased in volume and salts sepa-
rated out, giving some tendency to bump. After a 24-hr.
reflux period the reaction was worked up essentially as de-
scribed above. Fractionation gave a forerun followed by 46 g.
(71%) of bis(2-ethylhexyl) sulfide at 162-163° (12 mm.).

Tetramethylem sulfide. A mixture of 127 g. (1 mole) of 1,4-
dichlorobutane and 240 g. (1 mole) of sodium sulfide nona-
hydrate was heated under reflux for 7 hr. The refractive in-
dex of the upper layer increased from k2f 1.4552 to nD
1.4560 during this time, indicating very little reaction.
At this point, ICOmI. of ethylene glycol was added and heat-
ing was continued for 16 hr. The refractive index of the upper
layer (which was unchanged by the addition of the ethylene
glycol since this component went into the lower phase) in-
creased rapidly during this time to a final value of n™
1.5038. At this point the upper layer was separated, washed
twice with 20% sodium chloride solution, and dried over
calcium chloride. Fractionation gave a yield of 59 g. (67%)
of tetramethylene sulfide at 120-121°, n™ 1.5043 (lit.,6 b.p.
121.2°, nP L5047).

Acknowledgments. The authors are pleased to
acknowledge the assistance rendered by C. F.
Hartman in this work. The microanalyses were
performed by Alfred Foulds.
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) E. V. Whitehead, R. A. Dean, and F. A. Fidler, J. Am.
Chem. Soc., 73, 3632 (1951) made use of the dibromide in the
preparation of this compound.

The Polymerization and Cyclization
of Allyldimethylsilane

James W. Curry and George W. Harrison, Jr.
Received February 17, 1958

Mironov and Petrov have recently describedZthe
synthesis and polymerization of certain silanes con-
taining an unsaturated organic group and hydro-
gen joined to the same silicon atom. They reported,
however, that they were unable to cause the poly-
merization of allyldimethylsilane under their ex-
perimental conditions (refluxing in the presence of
15% platinized carbon). We wish to report that we
have successfully polymerized this monomer as well
as effected the formation of a cyclic dimer from it.

Allyldimethylsilane was synthesized under high
dilution conditions by a Grignard reaction, starting
from dimethylchlorosilane, allyl bromide, and mag-
nesium. The resulting monomer was heated under
reflux, in the absence of solvent, with a 0.06%
platinum-on-carbon catalyst.2 Polymerization pro-
ceeded smoothly to yield a colorless, moderately
viscous liquid, similar in appearance to the di-

(1) V. F. Mironov and A. D. Petrov, lzvest. Akad. Nauk
S.S.S.R., Otdel. Khim. Nauk, 383 (1957).

(2) G. H. Wagner (to Union Carbide and Carbon Corp.),
U. S. Patent 2,637,738, May 5, 1953.
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methylvinyl- and diethylvinyl- silane polymers
described earlier.3 In contrast with the previous
results, the concurrent formation of a cyclic dimer
was not observed.

The structure of the new polymer was established
by means of nuclear magnetic resonance spectral
analysis, which showed that the silicon atoms in the
main chain are joined through trimethylene bridges
(. In the NMR spectrum there was found a low,

CH, CH3
—Si—CHr-CHs— CH2—CH2—CH2—
¢Ei CHS

broad pattern of five lines caused by spin-spin
coupling of the protons of the central methylene
group in each bridge with the four protons of the
two adjacent methylene groups. At slightly higher
field there was also observed another resonance
peak, which was attributed to methylene attached
to silicon, and which was split into a triplet because
of coupling with the protons of the central methyl-
ene group.

Since ring formation was not found to occur in
the first experiment, a second reaction was con-
ducted in the presence of toluene as a solvent in an
effort to promote cyclization. Allyldimethylsilane
polymer was formed as before, but in addition, a
small amount of a crystalline material was isolated
from the reaction mixture. The solid was identified
as a cyclic dimer of allyldimethylsilane on the basis
of elemental analysis, molecular weight determi-
nation, and a negative test for the Si-H function.
The final proof of structure was by NMR analysis
and was based on the same reasoning as that applied
to the polymer, because it involved showing that the
ring silicon atoms are connected through trimethyl-
ene bridges. The cyclic compound is therefore
1,1,5,5-tetramethyl-1,5-disilacyclo-octane (1), and

CH,V /CHo—CH2—CH2 ICH,

> < >Si<
CH/ \CHr-CH2-CH/ CH,
11

as such it represents the first reported example of
the 1,5-disilacyclo-octane ring system.

EXPERIMENTAL456

Allyldimethylsilane. A stirred slurry of 387.7 g. (15.95
gram atoms) of 70-80 mesh magnesium in 1250 ml. of dry

(3) J. W. Curry, J. Am. Chem. Soc., 78, 1686 (1956).

(4) Elemental analyses were performed by Er. Adalbert
Elelkf, Elek Microanalytieal Laboratories, Los Angeles,
Calif.

(5) Boiling and melting points are uncorreeted.

(6) Calculated molar and specific refractivities were com-
puted from bond refractivity values listed in the following
references: A. I. Vogel, W. T. Cresswell, G. H. Jeffery, and
J. Leicester, Chem. & Ind. {London), 358 (1950), and A. I.
Vogel, W. T. Cresswell, and J. Leicester, J. Phys. Chem., 58,
174 (1954).
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ether was heated under vigorous reflux, while a mixture of
322.0 g. (2.66 moles) of allyl bromide and 251.7 g. (2.66
moles) of dimethylchlorosilane containing a trace of iodine
was added dropwise through a high dilution apparatus.7
The addition required 57 hr., following which the reaction
mixture was stirred for an additional 15 hr. without external
heating. An argon atmosphere was maintained throughout.
The solid magnesium salts were removed by filtration and
washed on the funnel with ether. The combined filtrate and
ether washings were washed neutral with five 100-ml. por-
tions of water, then dried over anhydrous sodium sulfate.
Following the removal of solvent, the liquid residue was
fractionated at atmospheric pressure to afford allyldimethyl-
silane, b.p. 69-70° (750 mm.), raff 1.4042, yield 128.1 g.
(48.0%). An analytical sample exhibited the following
properties: b.p. 69.1° (750 mm.), n2 14029, d\h 0.7046
(reported1b.p. 69° (755 mm.), tid* 1.4075, dI° 0.7086).

Anal. Calcd. for CHISI: C, 59.91; H, 12.07; MRn,
34.63. Found: C, 59.88; H, 12.10; MRx>, 34.71.

Polymerization of allyldimethylsilane. A mixture of 21.6 g.
(0.216 mole) of allyldimethylsilane and 0.22 g. of a 0.06%
platinum-on-carbon catalyst was heated under reflux for
31 hr., during which time the reaction temperature rose from
67 to 153.5°. The polymer mass was allowed to cool to room
temperature, ether was added, and the catalyst was removed
by filtration. Following the removal of solvent from the
combined filtrate and ether washings, the liquid residue
was heated to 200° (20.5 mm.), then to 175° (0.28-0.32
mm.), but no volatile materials of any kind could be ob-
tained. The cooled residue was filtered twice to effect
clarification. The allyldimethylsilane polymer so obtained
was a clear, colorless, moderately viscous liquid, nZE 1.4712,
d\s 0.8549, yield 19.8 g. (91.7%).

Anal. Calcd. for (CeH1Si)*: C, 59.91; H, 12.07; Ed,
0.3270. Found: C, 59.73; H, 11.87; mol. wt. (cryoscopic,
in benzene), 1300; E 4, 0.3271.

Polymerization and cyclization of allyldimethylsilane. To
20.0 g. (0.200 mole) of allyldimethylsilane was added 0.20
g. of the Wagner platinum-on-carbon catalyst and 300 ml.
of toluene. The mixture was heated under reflux for 72 hr.,
following which it was allowed to cool to room temperature,
filtered to remove catalyst, then distilled to remove solvent.
The solid and liquid components of the cooled distillation
residue were separated by filtration. The filtrate consisted of
clear, colorless, allyldimethylsilane polymer, n\f 1.4758,
yield 15.6 g. (78.0%).

Anal. Found: Mol. wt. (cryoscopic, in benzene), 1160.

The solid substance remaining on the funnel was re-
crvstallized repeatedly from ethanol to afford partially
purified 1,1,5,5-tetramethyl-1,5-disilacyclo-octane (white
needles), yield 0.6 g. (3.0%). An analytical sample, obtained
by vacuum sublimation, exhibited m.p. 109.5-110.5° and
gave a negative test for Si-H with ethanolic sodium ethoxide.

Anal. Calcd. for CioH2Si2 C, 59.91; H, 12.07; mol. wt.,
200. Found: C, 59.90; H, 11.90; mol. wt. (Rast), 220.

Nuclear magnetic resonance spectra. The nuclear magnetic
resonance spectra were determined using the Varian Asso-
ciates High Resolution Spectrometer (V-4300B), operated
at 40 me. and 9394.7 gauss.

Acknowledgment. The authors are grateful to the
Dow Corning Corporation for financial support of
this work, and to Dr. James N. Shoolery and Mr.
Robert C. Jones of Varian Associates, Palo Alto,
Calif., for running and interpreting the NMR
spectra discussed in this paper.
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) N. J. Leonard and R. C. Sentz, J. Am. Chem. Soc.,
74,1704 (1952).
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A Novel Preparation of Isonitrilesl

W. R. Hertier and E. J. Corey
Received February 21, 1958

In connection with other studies it was found
that a formamide which was treated with p-
toluenesulfonyl chloride and pyridine was dehy-
drated to an isonitrile according to the equation

H
|
R—NHC=0 + 2CeHWN + ArSOjCl — >
r N=C + 2CHNH + ArSO,~+ ClI-

The reaction appears to be quite general as is indi-
cated by three diverse examples described herein
from the aliphatic, alicyclic, and aromatic series.
The practicality of the new method is obvious both
from the ready availability of the required form-
amides and the simplicity of the procedure involved
(see Experimental). The previously known general
routes to isocyanides2involve (1) reaction of silver
cyanide with alkyl halides and (2) reaction of
primary amines with chloroform and alkali. It had
previously been observed that pyrolysis of form-
amides gives trace amounts of isonitriles.3

When iV-formyl-p-xylidine was treated with
excess p-toluenesulfonjd chloride in pyridine a green
color developed, and a 50% yield of 2,5-dimethyl-
benzoisonitrile ivas obtained after distillation.
Similarly, 3/8-acetoxy-20a-formamidopregnene-5was
converted to 3/3-acetoxy-20a-isocyanopregnene-5
in 84% yield. The alicyclic formamide, 3a-form-

amidocholestane, was likewise dehydrated to 33
isocyanocholestane in 93% yield.

The infrared absorption spectra of each of these
isonitriles displayed a characteristic strong band
at 2120-2140cm .-1

EXPERIMENTAL4

2,5-Dimethylbenzoisonitrile. N-Formyl-p-xylidine (7.46 g.,
0.05 mole) and 13.3 g. (0.07 mole) of p-toluenesulfonyl chlo-
ride were dissolved in 40 ml. of pyridine, and the resulting
orange-red solution was allowed to stand at room tempera-
ture. After one hour the solution had become green, and
after 1.5 hr. the solution was cooled and treated with chipped

(1) This investigation was supported by fellowship AF-
7544 from the National Institute of Arthritis and Metabolic
Diseases, Public Health Service.

(2) J. Houben, Die Methoden der Org. Chew., 3rd ed.
Georg Thieme, Liepzig, 1941, vol. 4, p. 29.

(3) J. U. Nef, Ann., 270, 267 (1892).

(4) All melting points are corrected, and boiling points
are uncorrected.

NOTES 1221

ice and then poured into ice water. The product was ex-
tracted with ether, and the ethereal solution was mwashed
three times with cold water and then dried over sodium
sulfate. Most of the solvent was removed at atmospheric
pressure, and the residue was distilled through a 20-cm.
Holzmann column to give 3.305 g. (50%) of 2,5-dimethyl-
benzoisonitrile, b.p. 87.5-90° at 12 mm. (lit.,6b.p. 79-82° at
20 mm., 99° at 32 mm.).

8f}-Acetoxy-20ct-formamidopregnene-o.  Acetoxybisnorcho-
lenic acid (50 g.) was converted to a 3|S-acetoxy-20a-amino-
pregnene-5 acetate by the procedure of Julian,6 and the
crude acetate was refluxed with 130 ml. of formic acid (98-
100%) and 110 ml. of acetic anhydride for 5 hr. Then the
solution was diluted with ice water and extracted with
methylene chloride. The organic layer was washed with
water and dried over sodium sulfate. The solvent was re-
moved in vacuo leaving a tan residue which on crystalliza-
tion from acetone gave 37.6 g. (75%) white amorphous
solid, m.p. 191-195°. Repeated crystallization from acetone
gave fine needles, m.p. 191-193°, [«]” —66° (chf,, c, 2.8).

Anal. Calcd. for CAH3NO0 3. C, 74.38: H, 9.63. Found: C,
74.32; H, 9.87.

80-Acetoxy-2Ca-ieocyanopregnene-5. 3/3-Acetoxy-20<*-form-
amidopregnene-5 (150 mg., 0.387 mmole.) was dissolved
in 2.5 ml. of pyridine, and to this was added 95 mg. (0.5
mmole.) of p-toluenesulfonyl chloride. After standing for
15 hr. at room temperature the solution was treated with a
few chips of ice and poured into ice water. The product was
extracted with ether-pentane, washed with water, and dried
over sodium sulfate. Evaporation of the solvent gave a
white crystalline residue which on crystallization from
hexane gave 119.3 mg. (84%) of 3/5-acetoxy-20a-isocyano-
pregnene-5, m.p. 144-151°. Further crystallization from
hexane gave prismatic needles, m.p. 149-150°, [a]“ —48°
(chf., ¢, 1.2).

Anal. Calcd. for C213NO0O2 C, 78.00; H, 9.55. Found: C,
78.11; H, 9.62.

3a-Formamidocholestane. The following procedure was used
for the preparation of 3a-aminocholestane and was found to
give a purer product than the published methods:78Choles-
tanyl p-toluene3ulfonate (11.28 g., 20.8 mmole.) was added
in one portion to a stirred slurry of 40 g. of sodium azide in
300 ml. of dry dimethylsulfoxide, and the mixture was heated
at 83-84° with stirring for 5.5 hr. The mixture was cooled,
poured into ice water, and extracted with ether-pentane.
The organic layer was washed three times with water and
dried over sodium sulfate. Removal of solvent in vacuo gave
a sirupy residue which was dissolved in 190 ml. of dry ether,
and to this was added 3.6 g. of lithium aluminum hydride.
The resulting slurry was stirred at room temperature for 11
hr. and then cautiously treated with water. The precipitate
was removed and washed with ether. The combined wash-
ings and filtrate were dried over sodium sulfate. Dry hydro-
gen chloride was passed into the ethereal solution, and the
precipitated amine hydrochloride was filtered off and washed
thoroughly with ether. The filter cake, which weighed 7 g.,
was stirred for 0.5 hr. with concentrated ammonium hy-
droxide and pentane. The pentane layer was separated and
dried over sodium sulfate. The solvent was evaporated, and
the white crystalline residue was recrystallized from metha-
nol to give 5.263 g. (65%) of 3a-aminocholestane, m.p.
104.5-105.5°, M & 27° (chf,, c, 1.1), (lit., m.p. 87-88°,789°,8
H d27°).7

Anal. Calcd. for C2H4N: C, 83.65; H, 12.74; N, 3.61.
Found: C, 83.59; H, 12.90; N, 3.61.

(5) J. Ploquin, Bull. soc. chim. France, 901 (1947).

(6) P. L. Julian, E. W. Meyer, and H. C. Printy, J. Am.
Chem. Soc., 70, 887 (1948).

(7) C. W. Shoppee, D. E. Evans, H. C. Richards, and G.
H. R. Summers, J. Chem. Soc., 1649 (1956).

(8) L. Labler, V. Czerny, and F. Sorm, Chem. listy, 48,
1058(1954).
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3a-Aminocholestane (2 g., 5.16 mmole.) was refluxed with
15 ml. of formic acid and 10 ml. of acetic anhydride for 12
hr. The solution was cooled, diluted with water, treated with
about one half equivalent of 10% sodium hydroxide solu-
tion, and extracted with methylene chloride. The methylene
chloride solution was washed with water and dried over
sodium sulfate. Removal of solvent and crystallization of
the residue from acetone gave 1.842 g. (86%) of feathery
needles, m.p. 179-181°. Repeated crystallization from ace-
tone gave 3a-formamidocholestane, m.p. 188-189°, [«l'd
35.6° (chf., ¢, 2.2).

Anal. Calcd. for CEH4NO: C, 80.90; H, 11.88; N, 3.37.
Found: C, 81.02; H, 11.82; N, 3.27.

Sa-Isotyanocholestane. 3a-Formamidochol9stane (500 mg.,
12 mmole.) was covered with 10 ml. of dry pyridine, and
382 mg. (2 mmole.) p-toluenesulfonyl chloride was added.
The resulting orange solution was allowed to stand for 1.5
hr. at room temperature, cooled, treated with ice, and poured
into ice water. The product was extracted with ether, washed
twice with water, and dried over sodium sulfate. Removal of
solvent and crystallization of the pink residue from acetone
gave 442.6 mg. (93%) of flat needles, m.p. 139-141°. Fur-
ther crystallization from acetone gave 3a-isocyanocholes-
tane, m.p. 141-143°, [a]T®27° (chf., c, 1.6).

Anal. Calcd. for C3H4N: C, 84.56; H, 11.91; N, 3.53.
Found: C, 84.67; H, 11.89; N, 3.47.

Noyes Chemical Laboratory
University of Illinois
Urbana, III.

Action of Primary Aliphatic Amines on
2-Methyl-l,4-a-naphthopyrone

Abd EImaged Amin Sammour

Received February 24, 1958

The action of alcoholic ammonia on 2-methyl-
1.4- a-naphthopyrone has been studied by Wit-tig
and Blumenthal.1 Recently Musante and Stener2
have studied the action of primary aliphatic amines
on the 2-methylchromone derivative Khellin.
Both groups of researchers agree that the reaction
products are 2-(/3-aminocrotonyl)phenols (tvpe
).

The author has investigated the action of ethyl-
amine, butylamine, and benzvlamine on 2-methyl-
1.4- a-naphthopyrone(l), and believes that the
reaction products are the 2-(/3-aminocrotonyl)-I-
naphthol derivatives Ha, lib, and lie.

a: R = CHs
b: R = CHXHZH3
c. R = CH5

The alcoholic solution of these substances gives a
green color with alcoholic ferric chloride solution.
(1) G. wittig and H. Blumenthal, Ber., 60, 1085 (1927).

(2) C. Musante and A. Stener, Gazz. chim. ital., 86, 297
(1956).

NOTES

vol.23

This fact indicates that they contain a free
phenolic hydroxyl group. When Ha was refluxed
with dilute hydrochloric acid (1:1), 2-methyl-1,4-
a-naphthopyrone (1) was obtained on cooling.
The hydrolysis of lib with aqueous alkali yielded
I-hydroxy-2-naphthoic acid.

EXPERIMENTAL

2-(P-Ethylaminocrotonyl)-l-naphthol 1la. 2-Methyl-1,4-a-
naphthopyrone3 (2 g.) was heated under reflux with two ml.
of ethylamine solution in 20 ml. of ethyl alcohol on a steam
bath for 3 hr. The deep yellow crystalline solid that pre-
cipitated on cooling was filtered off and crystallized from
petroleum ether (b.p. 80-100°); m.p. 126°; yield 1.9 g. It
has a green fluorescence and is insoluble in aqueous sodium
hydroxide solution (10%). It gives a green color with alco-
holic ferric chloride solution and a red color with concen-
trated sulfuric acid.

Anal. Calcd. for CiBHINO02: C, 75.3; H, 6.7; N, 5.5. Found:
C, 75.2; H, 6.7; N, 54.

2-{j3-Butylaminocrotonyl)-l-naphthol lib was obtained
from 2-methyl-1,4-a-naphthopyrone (2 g.) and butylamine
(2 ml.). This compound was crystallized from petroleum
ether (b.p. 80-100°) as deep yellow crystals with green
fluorescence, m.p. 106°; yield 1.8 g. It dissolved in concen-
trated sulfuric acid with an orange color and was insoluble
in cold alkali. Its alcoholic solution gave a color reaction
with ferric chloride solution (deep green).

Anal. Calcd. for CEH2NO02: C, 76.3; H, 7.4; N, 5.0. Found:
C, 76.6; H, 7.5; N, 4.8.

2-{fi-Benzylaminocrotonyl)-l-naphthol lie. The same proce-
dure was followed with benzylamine. This compound wag
crystallized from petroleum ether (b.p. 80-100°), as deep
yellow crystals with green fluorescence; m.p. 136°; yield
80%. It gives a red-orange color on treatment with con-
centrated sulfuric acid and a deep green color with ferric
chloride solution.

Anal. Calcd. for CAHIN 02: C, 79.5; H, 6.0; N, 4.4. Found:
C, 79.6; H, 6.1; N, 45.

Action of hydrochloric acid on Ila. Half a gram of Ila was
heated under reflux with 25 ml. of dilute hydrochloric acid
(2:1) for 0.5 hr. The colorless crystalline solid that separated
on cooling was filtered off and proved, by melting point and
mixture melting point (178°), and the deep violet color
reaction4on adding alkali to its solution in dioxane contain-
ing m-dinitrobenzene, to be 2-methyl-l,4-a-naphthopyrone.

Hydrolysis of lib with alkali. lib (0.5 g.) and aqueous
sodium hydroxide solution (5%, 25 ml.) was heated under
reflux for 2 hr. The filtrate was acidified with dilute hydro-

(3) G. Wittig, Fr. Bengert, and H. E. Richter, Ann., 446,
155 (1926).

(4) A. Schonberg and M. M. Sidky, J. Org. Chem., 21, 476
(1956).
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chloric acid. The precipitate was filtered off and identified
as I-hydroxy-2-naphthoic acid (m.p. and mixture m.p.
190°) and the green color with alcoholic ferric chloride solu-
tion).

Department of Chemistry
Faculty of Science

A’iu Shams University
Abbassia, Cairo, Egypt

Synthesis of Some
a- and /3~(6-Purinylthio)carboxylic Acids

Charles G. Skinner, James R. Claybrook,
Donald L. R oss, and William Shive

Received February 25, 1958

A number of 6-alkyl- and 6-(0>-phenylalkyl)-
thiopurines have been found to possess biological
activity (in several assay systems) comparable to
the corresponding 6-(substituted)aminopurine ana-
logs.1:2 The unexpected biological acthdty of the
thiopurine derivatives led to the preparation of a-
(6-purinylthio)succinic acidlas an analog of N-(6-
purinyl)aspartic acid.3 Subsequently, the thiosuc-
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The desired compounds were synthesized by a
condensation of the appropriate a or 0-halocarbox-
ylic acid with 6-mercaptopurine under alkaline
conditions, using either an equivalent amount of
dilute sodium hydroxide or an excess of triethyl-
amine as indicated in Table I. Although the re-
actants did condense slowly at room temperature
in most instances, several of the reactions were
carried out in a glass-lined steel bomb heated to
about 90°. The sodium hydroxide condensation
mixtures, upon acidification, yielded a precipitate
which was normally dissolved in alkali and repre-
cipitated with acid to yield a purified product.
In the triethylamine condensation, the reaction
mixture was reduced to dryness in vacuo in order
to remove the excess amine, prior to crystalliza-
tion.

As in the case of a- (6-purinylthio)succinic acid,
the various purinylthiocarboxylic acids indicated in
Table I showed little or no response in several bio-
logical systems which did respond to 6-alkylthio-
and 6-alkylaminopurines. a-(6-Purinylthio)acetic
acid at concentration levels as high as 1 mg./ml.
did not inhibit hydra tentacle regeneration.66 The
purinylthiocarboxylic acids also did not possess
either inhibitory or stimulatory effects on a pteri-

TABLEI
a- and 8-(6-Purinylthio)carboxylic Acids
SH S-R-COOH
N N
LH + X-R-COOH-
Ln
Analysis
Reaction Yield, M.p., Empirical N N
Halogen Acid Used Conditions % °C. Formula (Calcd.) (Found)

a-Bromoacetic NaOH, 25° 93¢ 235-260 (dec.) CANAS* 26.65  26.81
a-Bromopropionic Triethylamine, 25° 59 199-203 chh bz 24.99 24.91.
d-Bromopropionic NaOH, 90° 55 219-220 chthdos 24.99 25.01
a-Bromobutvric Triethylamine, 25° 32¢ 208-209 chlhboz 23.52 23.21
a-Bromovaleric NaOH, 25° 456 199-205 CiHilN4OS 22.21 22.29
a-Bromocaproic NaOH, 90° 64s 178-183 ChH»ND S 21.04 21.06
d-Bromocaproic Triethylamine, 25° 466 182-184 CaHMND 53 — —

“ Recrystallized from water. 6 Recrystallized from ethanol-water. ¢ Anal. Calcd.: C, 39.99; H, 2.88. Found: C, 40.15; H,
3.25. d Anal. Calcd.: C, 49.61; H, 5.30. Found: C, 49.33; H, 5.09.

cinic acid derivative was found to promote growth
of etiolated bean leaf disks either in the presence or
absence of light.41n an effort to extend this latter
study, additional purinylthiocarboxylic acid deriva-
tives were prepared and their biological activity
on bean leaf expansion will be reported elsewhere.

(1) C. G. Skinner, W. Shive, R. G. Ham, D. C. Fitzgerald,
Jr., and R. E. Eakin, J. Am. Chem. Soc., 78, 5097 (1956).

(2) C. G. Skinner, J. R. Claybrook, F. D. Talbert, and W.
Shive, Plant Physiol., 32, 117 (1957).

(3) C. E. Carter and L. H. Cohen, J. Am. Chem. Soc., 77,
499 (1955).

(4) R. A Scott, Jr., and J. L. Liverman, Science, 126,
122 (1957).

dine-inhibited Lactobacillus arabinosus at concentra-
tion levels up to 40 y/disk.7 The presence of a car-
boxylic acid moiety in the alkyl group of 6-alkyl-
thiopurines appears to cause a loss of biological
activity of the compounds in many of these test
systems. A decrease in biological activity was also

(5) R. G. Ham, D. C. Fitzgerald, Jr., and R. E. Eakin, J.
Exp. Zool., 133, 559 (1956).

(6) R. G. Ham, Ph.D. dissertation, University of Texas,
Austin, June 1957.

7) E. M. Lansford, Jr., C. G. Skinner, and W. Shive,
Arch. Biochem. Biophys., 73, 191 (1958).
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observed in the hydra tentacle regeneration assay
when a hydrophilic group was present in the alkyl
side chain of certain 6-(substituted)aminopurines.@

A slight but definite stimulatory effect on the
rate of germination was observed when lettuce seed
(Early Curled Simpson) were presoaked in 10
my/ml. solutions of a-(6-purinylthio)butyric acid
and the corresponding valeric acid derivative.
The butyric acid analog gave approximately a
250% increase in the number of seeds germinating
after 72 hours in the dark at 30°, while the valeric
acid derivative gave an 80% increase, as compared
with seed presoaked in water alone. These values
represent only moderate stimulations of seed germi-
nation in comparison with the more active 6-
(substituted)purines.Z89 It is interesting to note
that the most active 6-alkylthiopurines with
respect to stimulation of seed germination were
those derivatives containing four to six carbon
atoms in the substituent group, and correspondingly,
the more active purinylthiocarboxylic acids are
those which contain groups of similar size.

EXPERIMENTALI0

Biological assay techniques. The assay procedures used
were the same as those previously reported ir. the study of
similar 6-(substituted)purine compounds for stimulation of
lettuce seed germination,2 inhibition of hydra tentacle re-
generation,5and microbiological assays.7

a- and f}-(6-Purinylthio)carboxylic acids. These compounds
were prepared by an alkaline-catalyzed condensation be-
tween the appropriate haloacid and 6-mercaptopurine, as
indicated in Table I, following a procedure which has pre-
viously been reported.1

An alternate condensation procedure involved using an
excess of triethylamine as the condensing agent and allow-
ing the reaction to proceed at room temperature. The course
of these reactions was followed by observing the decrease in
ultraviolet absorption at 328 nip and the appearance of an
absorption band at 282-289 m”~. The former X,ax is asso-
ciated with 6-mercaptopurine, and the latter absorption is in-
dicative of a 6-(substituted)thiopurine.u The reaction mix-
tures were then taken to dryness in vacuo to remove the ex-
cess amine, and the residues were crystallized as indicated in
Table |. Attempts to increase the rate and yield of the reac-
tions by heating in the presence of triethylamine resulted in
varying amounts of decomposition products.

Clayton Foundation
Biochemical Institute

and Department of Chemistry
University of Texas
Austin, Tex.

(8) C. G. Skinner, J. R. Claybrook, F. D. Talbert, and W.
Shive, Arch. Biochem. Biophys., 65, 567 (1956).

(9) C. G. Skinner, P. D. Gardner, and W. Shive, J. Am.
Chem. Soc., 79, 2843 (1957).

(10) All melting data were taken on a Fisher-Johns micro
hot stage and the temperatures are uncorrected. The ultra-
violet absorption spectra were determined on a Beckman
model DK-2 recording spectrophotometer using a 10 y/ml.
solution of the appropriate compounds dissolved in 95%
ethyl alcohol.

(11) C. G. Skinner, R. G. Ham, O. C, Fitzgerald, Jr., It.
E. Eakin, and W. Shive, ./. Org. Chem., 21, 1330 (1956).
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V.1
Decomposition of Primary Nitrates in

Reactions of Nitrate Esters.

Perfluorinated Acids

Raymond T. Merrow and Geraid C. Whitnack
Received February 28, 1958

We wish to report the occurrence of an unusual
decomposition reaction of simple primary aliphatic
nitrates, which can be achieved by merely dissolving
the esters in trifiuoroacetie acid (TFA) and allowing
the solutions to stand at room temperature for 24
hours or less. The main products obtained from the
decomposition are nitric oxide and the carboxylic
acid having the same number carbon atoms as the
ester. The reaction is catalyzed by ultraviolet light,
although it does proceed even in the dark. Atmos-
pheric oxygen appears to have no effect. A similar
reaction occurs in other perfluorinated acids but
not in 100% acetic or 100% sulfuric acid.

In addition to the main decomposition products,
which are produced in yields of the order of 50%,
there are obtained traces of solid acidic materials,
and significant amounts (ca. 50%) of the alkyl
trifluoroacetates. The latter are presumably formed
either by an ordinary metathesis, or by a complex
ionization similar to that reported for solutions of
alkyl nitrates in sulfuric acid.2

Most of the work thus far has been with n-butyl
nitrate, and typical procedures are described in the
Experimental portion. Ethyl and n-propyl nitrates
react in the same way with TFA. The butyl nitrate
decomposition proceeds in perfluorobutvric or
perfluorohexanoic acid in the same manner as in
TFA. The reactions of secondary mononitrates with
TFA have not been investigated, but 2,3-dinitroxy-
butane has been found to react readily, giving oxides
of nitrogen and diacetvl.

The rate of disappearance of butyl nitrate has
been followed polarographically. Attempts to follow
the reaction by observing changes in the ultraviolet
spectrum led to ambiguous results, due to the fact
that ultraviolet light catalyzes the reaction, and to
the fact that reaction products absorb in the same
spectral region (ca. 255 mp.) as does the nitrate
ester. The absorbance in this region remains es-
sentially constant for a period of several hours, after
which it increases rapidly. The length of this ap-
parent induction period varies with concentration
and with the duration of exposure to ultraviolet
light in the spectrophotometer. The existence of an
apparent induction period seems to be due to a
compensating effect of increasing absorbance by
reaction products and decreasing absorbance (at
the same wave length) by butyl nitrate, since no

(1) Previous paper: R. T. Merrow, J. Am. Chem. Soc., 78,
1297 (1956).
(2 L. P.Kuhn,J. Am. Chem. Soc., 69, 1974 (1947).
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induction period was observed when the reaction
was followed polarographically.

While the mild conditions and the nature of the
solvent suggest an ionic mechanism for this decom-
position, the nature of the products and catalysis
by ultraviolet light are indicative of a radical
process. Thermal3 and photochemical4 decompo-
sitions are known to proceed via an initial homolytic
cleavage, viz:

RCHDONO02— >RCH,0 + NO,

This is followed by a number of possible reactions
leading to the observed products, including nitric
oxide, aldehydes, and nitrite esters. Such decomposi-
tions of simple mononitrates have never been re-
ported under the mild conditions used in the present
work.

Further investigation into the mechanism of this
decomposition, and particularly into the role of the
fluorinated acids, is in progress.

EXPERIMENTAL

All of the chemicals used were commercially available ma-
terials. Melting and boiling points are uncorrected.

Trifluoroacetolysis of n-butyl nitrate. One-tenth mole of n-
butvl nitrate was dissolved in 40 ml. of ice cold trifluoroace-
tic acid in an Erlenmeyer flask fitted with a ground glass
stopper. The solution was cooled for 6 hr. in an ice water
bath, and then allowed to stand at room temperature for
another 18 hi. The solution became quite yellow within
the first hour, and then became green on standing. On ad-
mission of air the color rapidly changed to a yellow-brown,
and brown fumes formed above the liquid. The mixture was
distilled, yielding 7.0 g. (.04 mole) of ra-butyl trifluoroacetate,
b.p. (713 mm.) 102-103°, n®'5 1.3376 (lit,6 b.p. 102.7-
102.8°, #®» 1.3391) and 5.1 g. (0.058 mole) of butyric acid,
b.p. (713 mm.) 158-160°. From the dark tarry residue,
traces of a water-soluble white solid acid, m.p. (dec.) 125-
130°, were obtained. There was not enough of this material
to characterize.

Nitric oxide was determined in a separate experiment, by
absorption in sulfuric acid and titration of the nitrosylsul-
furic acid with permanganate.6 This run was carried out
under a stream of nitrogen, and proceeded in the same man-
ner as the other experiment, except that no appreciable color
developed in the solution. From 20.0 millimoles of butyl
nitrate, there was obtained 9.27 millimoles (46%) of nitric
oxide.

Ethyl and n-propyl nitrates in TFA decomposed to give,
qualitatively, the same types of products. The solid material
from ethyl nitrate was identified as oxalic acid, m.p. and
mixed m.p. 101- 102° (dihydrate, recrystallized from water).

Butyl nitrate was recovered quantitatively from solutions
in 100% acetic acid after standing 24 hr. at room tempera-
ture. Solutions in sulfuric acid gave no oxides of nitrogen,
although, as reported previously,2 the nitrate ester cannot
be recovered by drowning the solution in water.

Rate studies. A 0.0253/ solution of butyl nitrate in TFA
was prepared. A portion of this was placed in a 1-cm quartz
cell and scanned in the ultraviolet region periodically, using

(3) J. B. Lev}, J. Am. Chem. Soc., 76, 3254, 3790 (1954).

(4) J. A Gray and D. W. G. Style, Trans. Faraday Soc.,
49, 52 (1953).

(5) K. N. Campbell, J. O. Knobloch, and B. K. Camp-
bell, /. Am. Chem. Soc., 72, 4380 (1950).

(6) G. C. Whitnack, C. J. Holford, E. S. C. Gantz, and
G. B. L. Smith, Anal. Chem,, 23, 464 (1951).
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a Cary Model 11MS Recording Spectrophotometer. There
was essentially no change in the absorbance at the maximum
over the first 8 hr. After 24 hr., however, the absorbance was
much greater than the range of the instrument. However, the
bulk of the solution, which had remained in a glass flask,
showed the same absorbance after 24 hr. as it did initially.
The absorbance did not increase until sometime between 36
and 48 hr.

Samples of the same solution were polarographed periodi-
cally. One-ml. aliquots were added to 5 ml. of 95% ethanol
containing 3 dreps of methyl red (0.1%). The solutions were
brought to the first permanent yellow color with 051V
NaOH solution, and then made up to 10 ml. with 95% etha-
nol. These solutions were then polarographed from zero to
—2.0 volts, using a Sargent Model 21 Recording Polarograph
with a sensitivity setting of 0.100. It was found unnecessary
to remove dissolved oxygen. A blank correction for oxygen,
obtained by treating pure trifluoroacetic acid in the same
manner as above, was subtracted from the total wave height
obtained in the nitrate determinations. The butyl nitrate
concentration was found to decrease steadily, with no “in-
duction period.” The half-life at this concentration was
about 56 hr. The data for any given run fit a first-order rate
law fairly well, but the values of k vary greatly with concen-
tration.

The reaction was found to proceed even in the dark, but it
was shown to be catalyzed by ultraviolet light. The appar-
ent induction period (observed spectrophotometrically)
was shortened, and the rate of butyl nitrate disappearance
(measured polarographically) was increased by exposure of
the solution to the unfiltered light of a mercury arc lamp
(mostly 2537 A).

Chemistry E ivision

R esearch Department

U. S. Naval Ordnance Test Station
China Lake, Calif.

Arenesulfonic Acids as Catalysts in the
Alcoholysis of Nitriles to Esters

F loyd L. James and Wittiam H. B ryanl?2
Received March S, 1938

Arenesulfonic acids have been found to be ef-
fective catalysts in the alcoholysis of nitriles to
esters, and their use eliminates the objectionable
features which have characterized this type of
reaction when other catalysts were used. Earlier
procedures called for the passing of anhydrous
hydrogen chloride into a hot reaction mixture of
nitrile, alcohol, and water3 or refluxing a similar
mixture with concentrated sulfuric acid.4 The first
of these involves difficulties in handling anhy-
drous hydrogen chloride at elevated temperatures.
The second, in our experience, is often accompanied
by more or less extensive charring. Presumably be-
cause of these disadvantages this reaction has not
been used very extensively, although occasional

(1) Present address, E. I. du Pont de Nemours Co., Inc.,
Polychemicals Dept., Belle Works, Belle, W. Va.

(2) From the Master’s thesis of W. H. B.

(3) W. Wisliccnus, Ber., 20, 592 (1887).

(4) L. Spiegel, Ber., 51, 296 (1918).
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TABLE |

Yields and Propeeties of Crude Esters

Time of

Reflux, Sap. Equiv.
Ester Acid Catalyst Hr. Yield, % B.P., °C. Caled. Found
Ethyl phenylacetate p-Toluenesulfonic 2.5 66 119-121/27 mm. 164 177
re-Propyl phenylacetate p-Toluenesulfonic 2.5 83 131-133/27 mm. 178 185
w-Butyl phenylacetate Benzenesulfonic 6 72 143-145/28 mm. 192 205
re-Heptyl phenylacetate p-Toluenesulfonic 6 70 174-183/27 mm. 234 259
n-Butvl propionate p-Toluenesulfonic 6 49 124-126/400 mm. 130 130
Di-re-propyl adipate p-Toluenesulfonic 6 16 154-163/28 mm. 115 122
Diisoamyl adipate p-Toluenesulfonic 6 66 163-165/2.2 mm. 143 153
Di-re-propyl-/3,;3'-oxy- Benzenesulfonic 6 25 140-141/1.9 mm. 123 140
dipropionate
TABLE 11
Properties of Purified Esters
. Mr
Sap. Equiv. Caled. Mr
Ester B.P., °C. Caled. Found nd Vogel  Observed
re-Heptyl phenyiace- 146-147/2 .0 mm. 234.33 233.95 1.4812 0.95707 69.60 69.70
tate
Di-re-propyl-(3,/3-0xy- 146-147/2.1 mm. 123.15 128.20 1.4309 1.01843 62.80 62.59

dipropionate

references to it appear in the literature.B6lt is used
commercially, with concentrated sulfuric acid as
the catalyst, under carefully controlled conditions,
in the alcoholysis and esterification of cyanoacetic
acid to diethyl malonate7and in the alcoholysis and
dehydration of acetone cyanohydrin to methyl
methacrylate.8

We have found that the difficulties described may
be avoided by the use of p-toluenesulfonic acid or
other arenesulfonic acid as the catalyst. The cat-
alyst is needed in quantities equimolar with the
nitrile, since the nitrogen of the nitrile is converted
into the ammonium salt of the acid catalyst. An
equimolar quantity of water must also be present.

R—CN + H®D + HOR' + CHXHS0DH —
R—COOR' + CHXH4S0DNHA4

The necessary water was provided in our syntheses
by the use of the monohydrate of p-toluenesulfonic
acid or of benzenesulfonic acid as catalyst.

As a general procedure, we simply refluxed the
reaction mixture for several hours. Mechanical stir-
ring was used. Occasionally precipitation of the am-
monium salt was so extensive that stirring became
difficult. Addition of an inert solvent might help
in such cases. After the period of reflux, water was
added to dissolve the ammonium salt. The organic
layer was separated, washed with aqueous sodium
carbonate, and dried over anhydrous magnesium

(5) F. Bergel, A. L. Morrison, and H. Rinderknecht, J.
Chem. Soc., 267 (1944).

(6) D. J. Dupre, J. Elks, B. A. Hems, K. N. Speyer, and
R. M. Evans, J. Chem. Soc., 507 (1949).

(7) A A. Ross and F. E. Bibbins, Ind. Eng. Chem., 29,
1341 (1937).

(8) H. T. Neher, Ind. Eng. Chem., 28, 267 (1936).

sulfate. Distillation from a Claisen flask gave crude
esters of quality shown by the saponification equiva-
lents in Table I.

Saponification equivalents were determined by
the diethylene glycol method of Redeman and
Lucas.9 We found that unchanged nitrile, which
may be assumed to be the principal impurity, does
not interfere seriously with the determination of
the saponification equivalent. Less than 1% of a
sample of phenylacetonitrile was found to be saponi-
fied under the specified conditions. This is in agree-
ment with the finding of Spiegel4that the presence
of nitrile does not interfere with the determination
of saponification equivalents by the more usual
method of refluxing with alcoholic potassium hy-
droxide.

Table I is a summary of the results of the prep-
aration of eight different esters by this method.
In no case did charring occur. Yields ranged from
16% to 83%. Five of the eight preparations re-
sulted in yields of 66% or higher. In two cases the
catalyst was benzenesulfonic acid, with results
about the same as with p-toluenesulfonic acid.
Presumably other arenesulfonic acids would also
be effective.

Two of the esters are not described in the litera-
ture. The crude ester in these two cases was frac-
tionally distilled, and densities determined on the
fractions of constant index of refraction. Results
are given in Table II.

We made a brief study of the effect of time of
refluxing upon the vyield of n-butyl propionate.

(9 C. E. Redeman and H. J. Lucaa, Anal. Chem., 9,

521 (1937).
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The yield improved steadily up to four hours, but
further refluxing had little effect.

EXPERIMENTALIO

Experimental details are given only for the two previ-
ously undeseribed esters. Similar procedures were used for
the others.

n-Heptyl phenylacetate. Phenylacetonitrile (46.8 g., 0.40
mole), n-heptyl alcohol (46.5 g., 0.40 mole), and p-toluene-
sulfonic acid monohydrate (76.0 g., 0.40 mole, including 0.40
mole water) were refluxed with stirring for 6 hr. The addi-
tion of 100 ml. of water dissolved the ammonium salts,
and caused separation into two layers. The ester layer was
separated, washed with 20% sodium carbonate solution,
dried over anhydrous magnesium sulfate, and distilled from
a Claisen flask. Yield of crude ester, 66.0 g., 0.28 mole.

The crude ester was washed with 5% sodium carbonate
solution, and 200 ml. of toluene was added. This was dis-
tilled off at atmospheric pressure for azeotropic removal of
water. After removal of water, the ester was distilled
through a 60-cm. tantalum wire spiral column, using a total
reflux partial take-off head. The fraction of constant index
of refraction boiled at 146-147° at 2.0 mm., and totaled
314 g. The neutralization number as determined with
alcoholic potassium hydroxide was zero. Other properties are
given in Table II.

Anal. Calcd. for CIH202: C, 76.88; H, 9.47. Found: C,
77.06; H, 9.79.

Di-n-propyl-f3,f3'-oxydipropionate. /3,(3'-Oxydipropionitrile
(37.2 g., 0.30 mole), n-propyl alcohol (36.0 g., 0.60 mole),
and benzenesulfonic acid monohvdrate (105.6 g., 0.60 mole,
including 0.60 mole of water) were refluxed with stirring
for 6 hr., and the reaction mixture worked up as described
above. The average yield of two runs was 18.6 g., 0.075
mole. Purification of the crude ester was performed as de-
scribed above. Distillation of 21.7 g. of crude ester gave
9.1 g of purified ester boiling at 146-147° at 2.0 mm. The
neutralization number with alcoholic potassium hydroxide
was almost zero. Other properties are given in Table II.

Anal. Calcd. for CiH2D 6. C, 58.51; H, 9.00. Found: C,
56.75; H, 8.65.

Department of Chemistry
Miami University
Oxford, Ohio

(10)
tories, Knoxville, Tenn.

Synthesis of a S.teroidal Nitrogen Mustardl

Walter J. Gensler and Gwendolyn M. Sherman
Received March 5, 1958

The nitrogen mustards are recognized as anti-
cancer agents.2We wish to record the synthesis of
a steroid-nitrogen mustard combination,3 which
was expected to have transport characteristics
considerably different from those of the more famil-

(1) These studies were aided by grants from the American
Cancer Society and from the National Institutes of Health,
and by an Institutional Research Grant from the American
Cancer Society.

(2) Cf. A. Gellhorn, Cancer Research, 13, 205 (1953); J. P.
Greenstein, Biochemistry of Cancer, 2nd ed., Academic Press,
Inc., New York, N. Y., 1954, p. 282.
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iar low-molecular weight nitrogen mustards. It
was believed possible that such difference could re-
flect in enhanced activity.

The starting point in the synthesis was 5-
cholestene-3/?-carboxylic acid (1)4 obtained from
cholesteryl chloride by carbonation of the Grignard
reagent.6 Treatment with thionyl chloride followed
by reaction of the acid chloride with diethanol-
amine gave the .VW-bis(hydroxyethyl) derivative

7 MFericHOHL
RCOOH - ot it RCON(CHZHDH)o
1 -
SOCh ' LiAIfL
RCHN(CH2XHZ1), HC1 6------—--- RCHN(CH,CH2DH)2
IV i

R = 3/3-cholesteryl

Il of 5-cholestene-3£-carboxamide. Lithium alumi-
num hydride, by reducing the amide grouping in Il
to amine, formed 3/L[bis(hydroxyethyl)amino-
methyl]-5-cholestene(l11).6 To generate the nitro-
gen mustard, both hydroxyl groups were replaced
with chlorine with help of thionyl chloride. The
hydrochloride of the tertiary amine 111 as well as
the hydrochloride 1V of the nitrogen mustard were
also prepared.

The nitrogen mustard was made available for
assay to Drs. H. M. Lemon and H. H. Wotiz at
Boston University Medical School who very kindly
submitted the following report:

“The relative insolubility of the steroid-mustard in the
conventionally used solvents for injection made the toxicity
study extremely difficult. Nevertheless, preliminary studies
were carried out by intraperitoneal administration of a sus-
pension of the mustard in a starch solution.

The survival rates of mice, guinea pigs, or rats did not
differ significantly from the controls following doses of 34,
250, 500, and 1000 mg./kg. Histopathological examination
of the mouse livers showed evidence of plastic peritonitis,

Analyses by Galbraith Microanalytical Labora-Yellow atrophy, and multinucleated giant cells. The mouse

kidneys showed evidence of interstitial hemorrhagic nephri-
tis at the border of the cortex and medulla. Because of its
extreme insolubility it is impossible to tell whether these ef-
fects were caused by the inherent toxicity of the mustard or
by a local irritating effect due to its limited absorption from
the peritoneum.”

(3) Compare (a) G. R. Vavasour, H. I. Bolker, and A. F.
McKay, Can. J. Chem., 30, 933 (1952); (b) G. G. Hazen,
Doctoral dissertation, University of Michigan, 1951, Chem.
Abstr., 47, 8761 (1953). For the incorporation of a carcino-
genic hydrocarbon in nitrogen mustard compounds see O. M.
Friedman and A M. Seligman, J. dra. Chem. Soc., 70,
3082 (1948).

(4) The orientation at the 3-position was shown by E. J.
Corey and R. A. Sneen, J. Am. Chem. Soc., 75, 6234 (1953);
G. Roberts, C W. Shoppee, and R. J. Stephenson, J. Chem.
Soc., 2705 (1954).

(5) Cf. R. H. Baker and E. N. Squire, J. Am. Chem. Soc.,
70, 1487 (1948).

(6) A related sequence was reported starting with A63/3-
acetoxybisnorcholenic acid and giving the corresponding di-
(hydroxyethyl)amine derivative. H. L. Herzog, C. C.
Payne, and E. B. Hershberg, J. Am. Chem. Soc., 77, 5324
(1955).
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EXPERIMENTAL7Y

5-Choleslene-Sp-carboxylic acid (I). The necessary starting
material was prepared by the reaction of cholesterol and
thionyl chloride.3' The vacuum-dried cholesteryl chloride,
after several crystallizations from absolute alcohol, showed
m.p. 94.5-95° and [a]®'5 -33°. The yield was 61%. The
constants recorded before for cholesteryl chloride are m.p.
95-96°Band 96-97°6 and [a]B5 —26.4°3& Grignardation and
carbonation of cholesteryl chloride was performed by a
modification of the method of Baker and Squire.6

A mixture of 3.39 g. (0.14 g.-atoms) of turnings of sub-
limed magnesium, 7.6 g. (0.070 mole) of dry ethyl bromide,
and absolute ether was magnetically stirred in a three-necked
flask that had been scrupulously dried and fitted with a
condenser and dropping funnel. Dry nitrogen was used to
blanket t.ie reaction mixture throughout toe experiment.
The dropwise addition of a solution of 28.2 g. (0.069 mole) of
cholesteryl chloride in 85 ml. of dry ether was begun at the
onset of the vigorous reaction between the ethyl bromide and
magnesium, and was completed over the course of 3 hr.
During the addition and for 46 hr. thereafter, the reaction
mixture was warmed to maintain a gentle refiux. At the end
of this period the solution contained a gray-white precipi-
tate; some unreacted magnesium was also apparent.

Dry caroon dioxide was bubbled into the vigorously stirred
Grignard mixture for 12 hr. Dry ether was added at inter-
vals to keep the volume close to 400 ml. The carbonation
mixture was poured over 200 ml. of cold 10% sulfuric acid
solution. The ether layer was filtered and the insoluble ma-
terial was rinsed with several portions of ether. The combined
ether solutions -were dried with sodium sulfate, and then
mwarmed on the steam bath to remove solvent. The viscous
residue, after crystallization from benzene, gave 14.0 g.
(49%) of white crystalline 5-cholestene-3/S-carboxylic acid,
m.p. 216-217°, [a]@'5 —13°. The values given before are,
inter alia, m.p. 218-220°, 225-227°, and 226-227° (to
opaque melt)45 and [a]n —10°4and [«]22 - 14°.8

N,N-Bie (hydroxyethyl)-5-choleslene-30-carboxamide (11). 5
Cholestene-3/3-carbonyl chloride was prepared by boiling a
solution of 8.41 g. (0.020 mole) of 5-cholestene-3/3-carboxylic
acid and 15 g. (0.13 mole) of thionyl chloride in 30 ml. of
sodium-dried benzene for 5.5 hr. The reaction mixture was
then allowed to stand overnight at room temperature. Ex-
posure to reduced pressure at steam bath temperatures re-
moved volatile materials and left the tan-colored acid
chloride, which was washed with cold benzene and collected
by filtration.

A homogeneous mixture of the acid chloride in 50 ml. of
dry benzene containing 13.3 g. (0.13 mole) of dry diethanol-
amine was stirred and heated in an oil bath at 63° for 4 hr.
The solid deposited on allowing the reaction mixture to
stand overnight vras collected, and was crystallized from
methanol (ca. 40 ml.). The mother liquors were concentrated
under reduced pressure on the steam bath, and water was
added to the viscous residue. The resulting solid was col-
lected by filtration and was crystallized from methanol.
The two crops of crystals, combined and dried over potas-
sium hydroxide pellets in vacuo, weighed 5.6 g. (56%) and
showed an indefinite melting point with softaning at 168°
and complete liquefaction at approximately 190°. A sample
of this product, after two crystallizations from methanol and
vacuum drying, afforded Ar,A-bis(hydroxyethyl)-5-chol-
estene-3;8-carboxamide, m.p. 182-189°, [a]2*'6 —10°.

Anal. Calcd. for CEHE N: N, 2.8. Found: N, 2.7.

(7) Melting points are uncorrected. Optical rotations were
taken with 1% solutions in chloroform. The elementary
analyses were performed by Carol K. Fitz, 115 Lexington
Avenue, Needham Heights 94, Mass.

(8) R. H. Baker and E. N. Squire, J. Am. Chem. Soc., 70,
4134 (1948).
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The material as a mull with mineral oil showed an infrared

absorption peak at 6.22y.

30-[Bis(hydroxyethyl)aminomethyl]-5-choleslene (111). A
mixture of amide 11 (5.61 g. or 0.11 mole), 5.0 g. (0.13 mole)
of lithium aluminum hydride, and 100 ml. of ether was mag-
netically stirred at room temperature for 24 hr. Water was
added dropwise, slowly and with stirring, followed by 700
ml. of a concentrated solution of sodium potassium tartrate
and ammonium sulfate. The ether solution was removed,
and the turbid aqueous layer was extracted with 3 portions
of chloroform. The combined ether and chloroform solutions
mere dried with sodium sulfate, and all volatile material was
removed by distillation on the steam bath at water pump
pressure. The residual 30-[bis(hydroxyethyl)aminomethylJ-
5-cholestene, m.p. 119-124°, weighed 4.1 g. (76%). The
analytical sample, prepared by three crystallizations from
absolute alcohol, melted at 135-137.5° and showed [a]” '8
-24°,

Anal. Caled, for CZH670N: C, 78.8; H, 11.8; N, 2.9.
Found: C, 79.3; H, 11.6; N, 3.1.

No absorption at 6.22 y was evident.

The hydrochloride of amine 111 was prepared by saturating
an acetone solution of the amine with dry gaseous hydrogen
chloride. The white precipitate was collected, crystallized
from acetone, and dried in high vacuum at 110°. The salt
melted at 207.5° (dec.) with preliminary softening.

Anal. Calcd. for CZH®) NC1: Cl, 6.8. Found: Cl, 7.0.

30- Bis(chlorethyl)aminomethyl]-5-cholestene hydrochloride
(V). Thionyl chloride (8 g.; 0.07 mole) was added in 1 por-
tion to a hot solution of 4.1 g. (0.085 mole) of amine 111 in
100 ml. of dry benzene. The mixture, in which a thick
gelatinous precipitate had formed, was heated on the steam
bath for 35 min. Volatile material was removed by vacuum
distillation on the steam bath, and the brown residue was
dried in vacuo. A hot chloroform solution of the crude product
was treated with decolorizing carbon (Norit), the chloroform
was removed by vacuum distillation, and the residue was
crystallized from 150 ml. of absolute alcohol. The resulting
tan crystals, after air-drying, weighed 3.4 g. (70%) and
showed m.p. 203-210° (dec.) with preliminary softening.
The melting point of salt 1V, as well as of all the others, was
not sharp, coloration and decomposition being evident.
Three crystallizations of the product from absolute ethanol
brought the melting point to 198.5-203°. In another experi-
ment, crystallization once from methanol and twice from
acetone followed by vacuum drying at 110° furnished hydro-
chloride IV with m.p. 196-201° (dec.) and [aln0'4 —17°.

Anal. Calcd. for C3HENC13: Cl, 19.0. Found: CI, 18.7.

In another preparation, the hydrochloride after recrystal-
lization three times from alcohol and drying at 100° in vacuo
had m.p. 192-194° (dec.), [<2B-5 -19°.

Anal. Calcd. for CIHENC13: C, 68.5; H, 10.1; N, 2.5;
Cl, 19.0. Found: C, 68.7; H, 10.1; N, 2.6; CI, 18.8.

30-[Bis(.chloroethyl)a?ninomelhyl]-5-eholestene. A sample of
hydrochloride IV dissolved in chloroform was shaken with
10% potassium hydroxide solution. The chloroform solution
was washed with water, dried with sodium sulfate, and all
solvent was removed. The residual yellowr oil was dissolved
in acetone, and methanol was added until the solution was
cloudy. Cooling resulted in the precipitation of white crystal-
line 3d-[bis(chloroethyl)aminomethyl]-5-cholestene  (m.p.
67.5-70°), which after two crystallizations from absolute
alcohol and drying in vacuo at 57°, showed m.p. 72-75°.

Anal. Calcd. for CnH<NCL: Cl, 13.5. Found: ClI, 13.3.

Acknowledgment, We acknowledge with pleasure
the interest and helpful advice of Professors H. H.
Wotiz, Boston University Medical School, and O.
M. Friedman, Brandéis University.

[F Chemistry Department
Boston University
B oston, M ass.
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lon Exchange Paper Chromatography
D. V. Myhre and F. smith
Received March 6, 1958

Separation or organic acids by paper chromatog-
raphy usually requires the presence of an acid such
as acetic or formic acid in the developing solvent to
prevent streaking.1lln a previous communication2
the use of papers impregnated with alginic acid was
described whereby the so-called swamping acids
could be dispensed with and any desirable solvent
utilized. This paper deals with the separation of
organic acids using papers containing ion exchange
resins3and 0-(carboxymethyl)cellulose4in conjunc-
tion with non-acidic solvents.

The resin containing papers were prepared by
adding the powdered ion exchange resin to the cel-
lulose pulp before the sheets were made.3Four types
of ion exchange resin papers were tested, two con-
taining acid resins and two containing basic resins.
Before use the papers containing the cation ex-
change resins were irrigated for 6 hr. with N
hydrochloric acid, and those containing the anion
exchange resins were treated with N sodium hy-
droxide. Thereafter all the papers were washed
thoroughly with water to remove the excess of
reagent and dried in the air.

The O-(carboxymethyl) cellulose papers were
made by dipping Whatman No. 1 filter paper in a
1.5% aqueous solution of O-(carboxymethyl) cel-
lulose (Type 130, medium)4and, after draining off
the excess of the solution, the papers were dipped
into 2N hydrochloric acid to precipitate the 0-
(carboxymethyl) cellulose onto the cellulose fibers.
The papers were then washed with water to remove
excess acid and dried in the air.6-2

Glyconic and glycuronic acids can be separated
on the strongly acidic type resin paper using
1-butanol:ethanol:water (4:1:5) as the developing
solvent. All the acids except D-glucosaccharo-6,3-
lactone gave compact spots on the chromatograms
as revealed by ammoniacal silver nitrate (Tollen’s
reagent). Malic and citric acids gave white spots on
a light brown background whereas the rest (see
Table I) appeared as dark spots.

Mono- and disaccharides showed about the same
R values on paper impregnated with resins as on
untreated cellulose papers. The resins do not inter-
fere with the detection of the components.

The weakly acidic type of resin paper was most
useful for separating amino acids5 (see Table II)

(1) J. W. H. Lugg and B. T. Overell, Australian J. Sei.
Research, Ser. A, 1, 98 (1948).

(2) F. Smith and D. Spriesterbach, Nature, 174, 466
(1954).

(3) The authors thank The Rohm & Haas Co., Philadel-
phia, Pa., for a generous supply of these papers.

(4) The authors thank The Hercules Powder Co., Wil-
mington, Del., for the O-(carboxymethyl)cellulose.
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TABLE |
Separation op Organic Acids
0 -(Carboxy-
lon methyl)-
Exchange  cellulose
Acid Paper6 Paper
Rf values using 1-butanol:ethanol:water (4; 1:5)"

L-Ascorbic acid 0.48 0.39
L-Arabono-7-lactone 0.43 0.39
Citric acid 0.62 0.47
D-Galactono--,-lactone 0.34 0.30
D-Galacturonic acid 0.26 0.15
D-Glucoheptono-7-lactone 0.22 0.16
D-Glucosaccharo-6,3-lactone 0.35 0.20
D-Glucurone 0.38 0.29
D-Glucuronic acid 0.31 0.17

L-Gulonic acid 0.25 0.20,0.16¢c
5-Keto-D-gluconic acid 0.43 0.27
2-Keto-L-gulonic acid 0.33 0.17
Malic acid 0.63 0.52
D-Mannurone 0.44 0.33
D-Mannuronie acid 0.31 0.22
L-Tartaric acid 0.50 0.31

“ Components detected with ammoniacal silver nitrate.
5 Impregnated with Amberlite IR-120 cation exchange resin
(H+ form). ¢ The spot with the lower R/ value is due to
acid and the other to the lactone.

although it was noted that overloading had to be
avoided or else streaking occurred. The weakly
basic type of resin papers proved to be of no value
for separating the amino acids; streaking was com-
mon and aspartic acid and glutamic acid displayed
no movement.

TABLE 11
Separation of Amino Acids
0-( Carboxy-

lon methyl)-
Exchange cellulose
Amino Acid Paper6 Paper

R f values using 1-butanol: ethanol: water (4:1:5)*
Alanine 0.20 0.20
Aspartic acid 0.09* 0.13
Cysteine6 0.08“1 T 0.22
Glycine 0.14 0.10
Glutamic acid 0.17 * 0.19
Histidine 0.06“ 0.04
Leucine 0.38 pP* 0.57
Methionine 0.35 P 0.36
Phenylalanine 0.38 ’ 0.62
Proline 0.22 b 0.17
Threonine '0.18 f 0.16
Tryptophan ’0.39 ' 044
Valine 0.29 0.44

“ Amino acids detected with ninhydrin. 6 Impregnated
with Amberlite IRC-50 cation exchange resin (H+ form).
¢ Applied as hydrochloride. “ Evaluated from leading edge
of spot which extends back to origin.

Filterpaperimpregnated with O-(carboxymethyl)-
cellulose6gave a good separation of the uronic acids

(5) Cf. M. M. Tuckerman, Anal. Chem., 30, 231 (1958).

(6) Cf. T. Willard and A. Berg, Angew. Chem., 64, 418
(1952); E. Peterson and H. Sober, J. Am. Chem. Soc., 78,
751 (1956).
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and the lactones, D-glucurone and D-mannurone
(see Table I). All the acids and lactones tested ap-
peared as compact spots on the chromatograms.

The R f values of the amino acids tested on the
0-(carboxymethyl)cellulose paper were of the same
order of magnitude as previously observed7 and
lower than those observed with phenol as the
solvent.81n the case of histidine and proline the R f
values 0.04 and 0.17, respectively, were so much
lower than those found on chromatograms devel-
oped with phenol jwater8that the difference might
be used to characterize these two amino acids.

Acknowledgment. This work was supported in
part by funds from the Agricultural Research
Service, U.S. Dept, of Agriculture, allotted to
Regional Project NC-25.

Depabtment op Agricultural Biochemistry
Univep.sity of Minnesota
St. Paul, Minn.

(7) J. A Cifonelli and F. Smith, Anal. Chem., 27, 1501
(1955).

(8) R. Consden, A. H. Gordon and A. J. P. Martin,
Biochem. J ., 38, 224 (1944).

Synthesis and Reduction of
Nitrosotrimethylhydrazinel

Alten F. Graefe
Received March 7, 1958

As a logical extension to an investigation in this
laboratory of the lower alkylhydrazines, an attempt
was made to prepare an alkyl derivative of the un-
known triazane, HANNHNH2 A survey of the
literature did not disclose any attempts to prepare
compounds of this type, although a few aromatic
triazanes have been prepared and characterized.2
One route to the synthesis of such a compound ap-
peared to lie in the reduction of nitrosotrimethyl-
hydrazine: This compound was selected as a pos-

(CHINNCHNO + 4 [H] —>
(CHNN(CHHNH2 + 2HD

sible precursor to AriV,/V,-trimethyltriazane because
(1) nitrosamines can be reduced to hydrazines with
little or no reductive cleavage of the N—N bond,3
(2) IV-nitroso-iV-phenyl- A'-formylhydrazine  has
been successfully reduced to A-formyl-_Y'-phenyl-
triazane, which was characterized through its ben-
zaldehyde derivative,4 and (3) trimethyltriazane
may be considerably more stable than a triazane
containing fewer alkyl groups. This is suggested by
the high order of stability of tetramethylmethylene-

(1) This investigation was carried out under a contract
with the Office of Naval Research.

(2) T. G. Chaudhuri, J. Chem. Soc., 117, 1081 (1920).

(3) E. Fischer, Ann., 199, 283 (1879).

(4) A. Wohl, Ber., 33, 2759 (1900).
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diamine, [(CHANACIR ,@compared to that of the
nonisolable parent compound, methylenediamine.

The unknown nitrosotrimethylhydrazine was
synthesized from trimethylhydrazine and nitrous
acid. It gives a positive Liebemian test for the
nitroso group, and is miscible with water to give a
neutral solution. The compound is stable for long
periods of time at Dry lIce temperatures, but at
room temperature it slowly decomposes. A sample
stored at 23° became orange-yellow in about three
days, and orange-brown in a week. An elemental
analysis gave somewhat high values for nitrogen,
but the results are considered satisfactory in view of
the instability of the compound. The reduction of
nitrosotrimethylhydrazine was characterized by
cleavage of at least one of the N—N bonds in at-
tempts to prepare the triazane by three different
methods. In the direct hydrogenation of the nitroso
compound under mild conditions with a catalyst of
10% palladium-on-charcoal, trimethylhydrazine
was isolated in addition to unreacted nitroso com-
pound. With lithium aluminum hydride in ether
dimethylamine was obtained, while with sodium
amalgam in ethanol, hydrazine and dimethylamine
were obtained. The course of the reduction to pro-
duce hydrazine is not clear, although other nitroso
compounds have also been found to yield hydrazine
when reduced with sodium amalgam under similar
conditions.6

EXPERIMENTAL7

Starting materials. Trimethylhydrazine was prepared by
the method of Class.8 A value of 100.5% was obtained for
the purity of the product, b.p. 59-60° 749 mm., by titration
with standard potassium iodate (four-electron change).9
Lithium aluminum hydride was obtained from Metal Hy-
drides, Inc., Beverly, Mass. Sodium amalgam was prepared
by the method given by Fieser.

Preparation of nitrosotrimethylhydrazine. A solution of
25.9 g. (0.35 mole) of trimethylhydrazine in 100 ml. of water
was neutralized to a pH of 7.00 with 1:1 hydrochloric acid,
diluted to 280 ml. with water, and cooled to 0°. A solution
of 72.5 g. (1.05 moles) of sodium nitrite in 200 ml. of water
was then added dropwise to the well stirred trimethylhy-
drazine hydrochloride solution at such a rate that the tem-
perature did not rise above 5°. After the addition, the pH
was adjusted to 5.18 by the dropwise addition of 1:1 acetic
acid. When the resulting solution, which degassed continu-
ously, was stored overnight at 0°, the pH increased to 5.83
and the solution deepened in color (yellow). The pH
was adjusted to 8.00 by the addition of solid potassium car-
bonate, and the solution was extracted continuously with
150 ml. of ether until nearly all of the yellow color had passed

(5) F. Klages, G. Nober, F. Kircher, and M. Bock, Ann.,
547, 24 (1941).

(6) L. F. Audrieth and B. A. Ogg, The Chemistry of Hy-
drazine, John Wiley & Sons, Inc., New York, N. Y., 1951, p.
16.

(7) The analysis of nitrosotrimethylhydrazine was per-
formed by Elek Microanalytical Laboratories, Los Angeles.

8) J. B. Class, J. G. Aston, and T. S. Oakw'ood, J. Am.
Chem. Soc., 75, 2938 (1953).

(9) G. S.Jamieson, Am. J. Sei., 33, 352 (1912).

(10) L. F. Fieser, Experiments in Organic Chemistry, 2nd
ed., D. C. Heath &Co., New York, N. Y., 1941, p. 418.
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into the ether lajmr (16 hr.). The ether extract was dried
over anhydrous magnesium sulfate and fractionated. After
removal of the ether, the product, 25.2 g. (70%) was col-
lected in the range 41-42° at 10 mm. as a light yellow oil
fp. -7°).

( Rnal. alcd. for CHN,,0: C, 34.94, H, 8.80, N, 40.75.
Found: C, 35.50, 35.41; H, 8.87, 8.83; N, 41.50, 41.45.

Nitrosotrimethylhydrazine gave a positive Lieberman test
for the nitroso group when the reactions were carried out at
about 0°. At higher temperatures oxidation of the test
samples by concentrated sulfuric acid occurred.

Catalytic hydrogenation of nitrosotrimethylhydrazine. A solu-
tion of 7.35 g. (0.0713 mole) of nitrosotrimethylhydrazine in
133 ml. of water was reduced with hydrogen in the presence
of 3.502 g. of a catalyst consisting of 10% palladium-on-
charcoal at 25° and one atmosphere. The reduction was at-
tended by a steadily decreasing rate of hydrogenation until a
total of 1.2 moles of hydrogen per mole of nitroso compound
had been adsorbed. The catalyst was removed by filtration,
the filtrate was saturated at 30° with sodium hydroxide
pellets, and the yellow oil which separated was dried over
fresh sodium hydroxide and fractionated to give 1.5 g. of a
colorless liquid, bj® 59-60°, and 0.5 g. of a yellow oail,
bio 42°. The latter fraction was considered to be nitrosotri-
methylhydrazine on the basis of the boiling point and a
positive Lieberman test. The former was shown to be tri-
methylhydrazine through the preparation of trimethylhy-
drazine picrate in ethereal picric acid. The recrystallized
product (from absolute ethanol) melted at 113-114.5°.
Mixed melting point determinations with an authentic
sample of trimethylhydrazine picrate (m.p. 114-115°) at 2
compositions showed no depression. An analysis of the tri-
methylhydrazine fraction with standard potassium iodate
indicated that trimethylhydrazine was present to the extent
of 95.3% (four-electron change).

Reduction of nitrosotrimethylhydrazine with lithium alumi-
num hydride. Seven grams (0.068 mole) of nitrosotrimethyl-
hydrazine in 100 ml. of ether was added over a period of 1 hr.
at 25° to 5.0 g. (0.132 mole) of lithium aluminum hydride in
150 ml. of absolute ether. The reaction mixture was stirred
for an additional hour, followed by the dropwise addition of
water until the reaction mixture appeared white, and sub-
sequently the addition of 75 ml. of 30% aqueous sodium
hydroxide. The ether layer was removed, and the gelatinous
solid was extracted with three 50-ml. portions of ether. The
ether extracts were combined -with the original ether layer,
and the solution was dried over anhydrous magnesium sul-
fate. An appreciable liquid residue remained when the ether
was distilled off. The distillate (200 ml.) was treated with
ethereal picric acid (20 g. = 0.075 mole of acid), and the re-
sulting precipitate was recrystallized three times from ab-
solute ethanol to give 5.2 g. (28%) of dimethylamine picrate,
m.p. 158-159°. Mixed melting point determinations at two
compositions with authentic dimethylamine picrate (m.p.
158-159°) showed no depression.

Reduction of nitrosotrimethylhydrazine with sodium amal-
gam. Thirty grams of 3% sodium amalgam (0.9 g., 0.039
mole of sodium) was added in one portion to 2.0 g. (0.019
mole) of nitrosotrimethylhydrazine in 40 ml. of absolute
ethanol at 0°, and the mixture was shaken for 6 hr. at 0°.
The solution was filtered, and the filtrate was acidified with
acetic acid. A twofold volume of water was added, followed
by 2.1 g. (0.020 mole) of benzaldehyde. When the mixture
was shaken, a yellow precipitate formed. The solution was
filtered and the solid recrystallized from 95% ethanol to give
0.59 g. (15%) of benzalazine, m.p. 91-92°. Mixed melting
point determinations at two compositions with authentic
benzalazine (m.p. 92-93°) showed no depression. The alco-
hol and water were removed from the filtrate on the steam
bath, and the residue was extracted with ether to remove
benzaldehyde. The crude acetate residue was dissolved in 10
ml. of water, and half of the solution was saturated at 25°
with solid sodium hydroxide and extracted 4 times with 5-ml.
portions of ether. The ether extracts were dried over anhy-
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drous magnesium sulfate, and the clear solution was treated
with ethereal picric acid (2.3 g. = 0.010 mole of the acid).
The precipitate which formed was recrystallized from ab-
solute ethanol to give 0.39 g. (15%) of dimethylamine pic-
rate, m.p. 157-158.5°. Mixed melting point determinations
at two compositions with authentic dimethylamine picrate
(m.p. 158-159°) showed no depression. The Hinsburg test,
when applied to the other portion of the aqueous solution,
confirmed the presence of dimethylamine, and indicated the
absence of metbylamine.

Chemistry Division
Aerojet-General Corporation
Azusa, Calif.

Formation of Isothiouronium Salts and
Pseudothiohydantoins

A. J. Speziale

Received March 10, 1958

Taniyama and Yusalhave recently shown that
2’-chloroacetanilide and 2’-chloro-4-nitroacetanilide
with 1-phenyl and 1,3-diphenyl thiourea gave N-
substituted pseudothiohydantoins (VI and VII) in
alcohol at reflux. However, Knott and Morgan2
have reported that thiourea and the chloroacet-
amides derived from ammonia, 2-aminothiazole,
and 2-aminopyridine gave the corresponding iso-
thiouranium salts

(11, R = amino, 2-thiazolylamino, and 2-pyridyl-
amino) in refluxing ethanol.

Other investigators have reported that thiourea
with chloroacetic acid,3 methyl or ethyl chloro-
acetates4 formed the corresponding isothiouranium
salts (I1l, R = OH, OCH3 OC2H¥5) in acetone at
room temperature and that chloroacetic acid6 in
water at 80° formed pseudothiohydantoin (V).
A preparative method for 1V and its hydrochloride
from ethyl ehloroacetate and thiourea in refluxing
ethanol has been developed by Allan and Van
Allan.6

In view of these results we wish to report an
extension of our previous work.7 Thiourea and
2-chloro-Y,V-dipropylacetamide in dimethylform-
amide (DMF) at 30°, gave a 75% vyield of the

(1) H. Tamyama and T. Yusa, J. Pharm. Soc., Japan,
75, 5 (1955).

(2) E. B. Knott and J. Morgan, U. S. Patent 2,461,987.

(3) P. C. Ray and F. V. Fernandes, J. chem. SoC., 105,
2159 (1914).

(4) J. Taylor, J. chem. soc., 117, 4 (1920)

(5) R. Andreasch, Monatsh., 8, 407 (1887).

(6) C. F. H. Allan and J. A. Van Allan, Org. Syntheses,
27, 71 (1947).

(7) A.J. Speziale and P. C. Hamm, J. Am. Chem. Soc.,
78, 5580 (1956).
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isothiouronium salt [111, R=(CsH7?)2N] and a 21%
yield of pseudothiohydantoin (IV). In 95% ethanol
at 25°, the dipropylamide and thiourea afforded a
57% yield of the isothiouronium salt and 17% yield
of IV. In refluxing ethanol, none of 111 [R= (Cjr
H?2N] was isolated but rather an 86% yield of 1V
and a 74% yield of dipropylamine hydrochloride.
IH[R=(CaH7)2N] was converted to IV in refluxing
ethanol.42-Chloro-V,V-diethylacetamide and thio-
urea in benzene at 80° for 2 hrs gave a 51.8% vyield
of IV.

Ethyl chloroacetate and thiourea gave a 57%
yield of 11I(R = CH50) and 26% yield of 1V (as
the hydrochloride) at 25° in ethanol, and a 62%
yield of I11(R = C2H&0) and a 14% vyield of 1V-HC1
in DMF at 25°. A slightly higher yield of the iso-
thiouronium salt was obtained when the reaction
was carried out for only 4 hr. rather than 24 hr. at
25° in ethanol.

The data, summarized in Table I, clearly indicate
that solvents have no appreciable effect on the
course of reaction of I and 11, and that the amounts
of Il and 1V formed are dependent on reaction
temperature. Temperatures of about 25-30° favor
the formation of the isothiouronium salts (111)
while temperatures of about 80° favor the forma-
tion of IV.

TABLE |

R eaction op Thiourea with 2-Haloacetamides and

2-Haloacetates

I —ROOCHBC  -HClor k= NH
+ Il Anh2
RCOCEUCI Y,
I +
RH-HC1
\Y;
Sol-  Temp., Time, % Yield
R vent °C. Hr. 11 v
(CHYN CaHe 80 20 - 51.8"
(CH7?sN  EtOH 80 1.5 - 86.0"
DMF 30 180 750 207
EtOH 25 230 570 17.3
o * DMF 30 200 590 _c
CHD4 EtOH 25 240 568 25.6'
DMF 25 240 618 141t
DMF 25 40 704 e
¢ EtOH 8 3.0 —  79-82

0 45.5% vyield of diethylamine hydrochloride isolated.
6 74% yield of dipropylamine hydrochloride isolated. ¢ At-
tempt to isolate 1V was unsuccessful. d With esters, IV is
isolated as the hydrochloride (IV HC1) which on treatment
with NaOAc gives IV. e Data from reference 6. 1 Yield of
1V HC1.

EXPERIMENTAL

Thiourea and ethyl chloroacetate. The procedure used in
the reactions of thiourea with 2-chloroacetates and 2-chloro-
acetamides7 is illustrated by this typical example. A solu-
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tion of 15.2 g. (0.2 mole) of thiourea and 24.5 g. (0.2 mole)
of ethyl chloroacetate in 100 ml. of DMF was stirred at 25°
for 24 hr. One liter of acetone was added to the clear solu-
tion and the precipitated solid was filtered; wt. 32.8 g. This
was dissolved in 200 ml. of absolute ethanol and 4.3 g
1141 % yield) of pseudothiohydantoin hydrochloride was
recovered by filtration of the alcohol insoluble material.
The alcohol filtrate, diluted with 1.5 liters of ethyl acetate,
afforded 24.5 g. (61.8% vyield) of the isothiouronium hydro-
chloride [, R = CH®&], m.p. 110° (dec.).

St. Louis Research Department
Organic Chemicals Division

M onsanto Chemical Co.

St. Louis 4, Mo.

Prodigiosin Hydrochloridel

A. J Castro,ZJ. F Deck, M T Hugo, L R Williams,
and M. R. Zingg

Received March 10, 1958

Efimenko and co-workers3 have claimed the iso-
lation of prodigiosin hydrochloride from Serratia
marcescens through a process involving chromatog-
raphy of the bacterial pigment. Identification of the
compound, which is described as red needles melting
at 149°, rests solely upon analysis for carbon and
hydrogen and apparently its absorption spectrum,
X 538-539 m/14 (presumably in ethanol). In a
previous papers we described the isolation of a
magenta colored solid, m.p. 150.0-150.5° (dec.),
from a powdered sugar chromatogram of the mix-
ture resulting from the reaction of prodigiosin
perchlorate with sodium hydroxide. At that time
the similarity in the properties of the two products
was noted. We have now established that the
compound isolated by us is definitely prodigiosin
hydrochloride. The substance gives a positive
Beilstein test and elemental analyses are in good
agreement with the calculated values for the hydro-
chloride, COH20N3CI. The ultraviolet-visible ab-
sorption spectrum is like that for prodigiosin per-
chlorate5 with a main absorption maximum in
isopropyl alcohol at 540 mp (e—7.07 X 104 and a
second very much weaker maximum at 294 niju
(e=1.08 X 104. The addition of aqueous sodium
hydroxide to a solution of the magenta colored solid
in isopropyl alcohol gave a mixture exhibiting
absorption like that for prodigiosin with Xrai
468 my (e 4.2X104. The observeds maximuma

(1) This investigation was supported by a research
grant, E-1335, from the National Institute of Allergy and
Infectious Diseases, Public Health Service, to the Uni-
versity of Santa Clara.

(2) Department of Chemistry, San Jose State College,
San Jose 14, Calif.

(3) O. M. Efimenko, G. A. Kutnesova, and P. A. Yaki-
mov, Biokhimiya, 21, 416 (1956).

(4) Estimated by us from reported curve.
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absorption for pure prodigiosin in isopropyl alco-
hol occurs at 466 mp (e 4.3 X 104. Moreover, a
mixture of the magenta solid with prodigiosin
hydrochloride, m.p. 148.5-150.0° (dec.), prepared
from prodigiosin, showed no depression of the
melting point and the infrared spectra for the two
hydrochlorides are identical.

We attribute the presence of the hydrochloride
in our chromatogram to an artifact arising from
the introduction of traces of hydrogen chloride, or
hydrochloric acid, during working up the mixture
derived from the perchlorate. We were able to iso-
late 33.3 mg. of pure hydrochloride from the re-
action of 2.00 g. of prodigiosin perchlorate with
sodium hydroxide. Aside from operational losses,
this corresponds to a yield of 2% and the combina-
tion of prodigiosin with 3.4 mg. of hydrogen
chloride.

The compound described by the Russian workers
is apparently identical with ours, as far as a com-
parison can be made. However, it should be pointed
out that their product was derived by way of a
process wherein the bacterial pigment was treated
in one step with sodium hydroxide. We have ob-
served an immediate change in color from that for
the acid derivative (red) to that for the free base
(orange) when sodium hydroxide is added to an
isopropyl alcohol solution of the salt. Therefore, it
cannot be unequivocally concluded from the earlier
work that prodigiosin hydrochloride is a bacterial
product. While it is possible that the conditions
employed in the earlier study may have permitted
incomplete reaction of any hydrochloride present, it
would seem that another explanation, such as used
to explain our results, should be considered.

EXPERIMENTAL

Magenta solid derived from prodigiosin perchlorate. The
solid was isolated and purified as has already been de-
scribed.6

Anal. Calcd. for CZHBON,C1: C, 66.74; H, 7.28; N, 11.68;
Cl, 9.86. Found: C, 66.90; H, 7.51; N, 11.56; CI, 9.68.

The ultraviolet-visible absorption spectra were deter-
mined with a Beckman Model DU spectrophotometer. The
spectrum for the magenta solid was measured using a solu-
tion containing 0.928 mg. of the compound per 100 ml. of
isopropyl alcohol solution. The spectrum for the free base
derived from the magenta solid was measured using the
mixture obtained by adding 0.20 ml. of 05071V aqueous
sodium hydroxide to 9.80 ml. of a solution having 1.240 mg.
of the magenta colored solid per 100 ml. of isopropyl alcohol
solution.

Prodigiosin hydrochloride. One hundred milligrams of
prodigiosin, m.p. 152.0-153.0° (dec.) was dissolved in about
15 ml. of petroleum ether and dry hydrogen chloride was
added to the resulting solution until precipitation of the
hydrochloride was complete. The mixture was stored in a
refrigerator for an hour and the solid removed by filtration.
After one recrystallization from a mixture of benzene and
petroleum ether 65 mg. of magenta colored hydrochloride,
m.p. 148.5-150.0° (dec.) was obtained.

Department of Chemistry
The University of Santa Clara
Santa Clara, Calif.
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Preparation of
1-Methylsulfonyl-4-phenyl-1,3-butadiene

V. Baliah and Sp. Shanmtjganathan

Received March 11, 1958

In connection with a study of conjugated sul-
fones, we required I-methylsulfonyl-4-phenyl-I,3-
butadiene. It was prepared by the following
sequence:

CiH.MgBr
CHBS0LH3 —oommmmeeme > CHsSOXH2MgBr

«}iIiCH=CHCHO
--------------------- > CHB0LHZLHOHCH=CHCH6

— > CHS0XH=CHCH=CHC®&6

EXPERIMENTAL

8-Hydroxy-I-methylsulfonyl-I-phenyl-I-butene. A solution
of ethylmagnesium bromide (prepared from 4.5 g. of mag-
nesium, 20.8 g. of ethyl bromide and 100 ml. of ether) was
added to 16.5 g. (0.18 mole) of dimethyl sulfone in 750 ml.
dry anisole. A bulky white precipitate separated. The
mixture was stirred by means of a liquid-sealed mechanical
stirrer and heated on a water bath for 3 hr. and then stirred
at room temperature for a further 2 hr. A solution of 16.5 g.
(0.125 mole) of freshly distilled cinnamaldehyde in 50 ml.
dry anisole was then added rapidly and stirring continued at
room temperature for 16 hr. The reaction product was hy-
drolyzed with hydrochloric acid (2.5N, 100 ml.). The aqueous
layer was separated and extracted with two 25-ml. portions of
benzene. The benzene extract together with the anisole
layer was washed thrice with 50-ml. portions of a saturated
solution of sodium chloride and dried over anhydrous
sodium sulfate. The solvents were removed under reduced
pressure, the solid residue collected and washed with a few
ml. of light petroleum (b.p. 70-80°). The yield of the crude
product was 25.2 g. (90%). It crystallized as colorless plates
from benzene and melted at 111- 112°.

Anal. Calcd. for CnHW S: C, 58.4; H, 6.2; S, 14.2. Found:
C, 584; H, 59; S, 144.

The acetate, prepared -with acetic anhydride and pyridine,
crystallized from ethanol as needles, m.p. 85-86°.

"Anal. Calcd. for CjalReChS: C, 58.2; H, 6.0. Found: C,
58.8; H, 6.2.

The benzoate, prepared in the usual manner, crystallized
from ethanol as needles, m.p. 146-147°.

Anal. Calcd. for CiHi® 4: C, 65.4; H, 5.5. Found: C,

5.7, H, 5.7.
I-Melhylsulfonyl-4-phenyl-1,3-butadiene. A suspension of 2
g. of the foregoing hydroxy unsaturated sulfone in 4 ml. of
85% phosphoric acid was heated under reflux for 15 min.,
cooled, and diluted with water. A pasty mass was thrown
out. It was dissolved in 50 ml. of hot benzene and dried over
anhydrous magnesium sulfate. Evaporation of the solvent
gave a yellow pasty mass which solidified after several days.
The yield was 0.6 g. (32%). Recrystallization from ethanol
gave colorless needles, m.p. 89-90.5°.
Anal. Calcd. for CnHID =: C, 63.4; H, 5.8. Found: C,
63.1; 11, 5.6.
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Some Properties of Fluorescein
Retjben B. Sandin and Rot L. Oavis
Received March 14, 1958

Previous investigatorslhave shown that electro-
philic disubstitution, such as dinitration and di-
bromination, of fluorescein and sulfonefluorescein
occurs in the hindered 4'- and 5'-positions. It has
also been found that sulfonefluorescein, unlike
fluorescein, does not undergo tetrabromination.2
In order to account for the preference of 4',5'- over
2'7'-disubstitution it has been suggestedItithat the
xanthene dyes have a lactoid or quincid structure
in which there is fixation of double and single bonds.
It was considered that a fixed structure for fluores-
cein and sulfonefluorescein was an extension of,
and in accord with the theoretical prediction of
Mills and Nixon.8 However there has been much
speculation regarding the reality of the Mills and
Nixon effect. The structure of fluorescein neverthe-
less takes on an added interest, in view of the recent
work of Davies and Jones4on the infrared absorp-
tions of fluorescein and some alkali derivatives.
Their results indicate that the classical lactoid
structure is to be preferred. They also conclude
that the dipolar ion structure is not the correct
representation of fluorescein.

In the present work the iodination of fluorescein
with excess iodine in ammonium hydroxide has been
examined, and there is evidence that fluorescein
is most susceptible to electrophilic attack by iodine
at the hindered 4'- and 5'- positions. In ammonium
hydroxide, fluorescein has shown a marked resist-
ance to tetra substitution. The uptake of iodine at
the end of 24 hr. was 95% of the amount calculated
for diiodofluorescein, although the amount of io-
dine used was sufficient to form the tetraiodo com-
pound.5At the end of 7 days the uptake of iodine
was 103% of the amount calculated for diiodo-
fluorescein. In a similar manner the compounds
4'5'-dibromo- (1), 2',7'-dibromo (Il1), and 2',7'-
dichloro-fiuorescein (I11) have been treated with
iodine. At the end of 7 days, | showed an uptake
of iodine which was approximately 4%. The cal-

(1) (@ R. M. Harris, G. J. Marriott, and J. C. Smith, J.
Chem. Soc., 1838 (1936). (b) R. B. Sandin, A. Gillies, and S.
C. Lynn, J. Am. Chem. Soc., 61, 2919 (1939). (c) J. T.
Hewitt and A. W. G. Woodforde, J. Chem. Soc., 81, 893
(1902).

(2) W. R. Orndorff and R. S. Vose, J. Am. Chem. Soc.,
46, 1896 (1924).

(3) W. E. Mills and I. G. Nixon, J. Chem. Soc., 2510
(1930).

(4) M. Davies and R. L. Jones, J. Chem. Soc., 120 (1954).

(5) In the present work there is no rigid proof for the
structure of diiodofluorescein. However, on the basis of a
similarity between iodination and other electrophilic sub-
stitution reactions such as bromination and nitration, the
structure is assumed to be 4',5'-diiodofluorescein. Also the
fact that substituents in the 2',7'-positions do not hinder
iodination is in favor of a 4',5'-diiodo structure.
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culated amount for 4'5'-dibromo-2',7'-diiodofluo-
rescein is 34.2%. On the other hand, Il and I1I
showed an iodine uptake which was almost the re-
quired amount for diiodination. From these results
it is clear that there is definite resistance to 2',7'-
disubstitution. However, it should be mentioned
that the halogens already present at the 4'- and
5'-positions are deactivating.

A tentative explanation for the preferred 4',5'-
substitution is the formation of an intermediate
(IV) with naphthalene-like resonance stabilization,
and which is therefore energetically favorable.
Addition at a 2'- or 7'-position would give an inter-
mediate (V) with a quinoid structure which would
be less favorable.

The present authors also suggest that the dif-
ference in properties between fluorescein and sul-
fonefluorescein, such as the nontetrabromination
of sulfonefluorescein, may be due to the difference
in nucleophilicity of the carboxylate and sulfonate
ion.

EXPERIMENTAL

Materials. Fluorescein was prepared and purified by the
procedure of Orndorff and Hemmer.6 The dibromination of
fluorescein was carried out according to Phillips7and afforded
4' 5'-dibromofluorescein (I) which was purified through the
diacetate. The tetrabromination of fluorescein was carried
out according to Orndorff and Hemmer.6 The procedure of
Kolthoff, Lauer, and Sunde8 for the preparation of 2',7'-
dichlorofluorescein (I1) gave excellent results. The dichloro
compound was purified through the diacetate. However, it
was found best to hydrolyze the diacetate by heating it on a
water bath for several hours with 85% sulfuric acid. 2',7'-
Dibromofluoresceinlb (111) was made by heating tetrabromo-
fluorescein with stannous chloride and hydrochloric acid in a
glacial acetic acid-dioxane medium.

lodination offluorescein. To a solution of 4.0 g. (.012 mole)
fluorescein in concentrated ammonium hydroxide (250 ml.)
was added 12.2 g. (0.048 mole) of iodine dissolved in a solu-
tion of potassium iodide (25 g.) in water (50 ml.). The reac-
tion mixture was allowed to stand at room temperature for 7
days. During this period the mixture was stirred occasionally
and care was taken to prevent the accumulation of explosive
nitrogen triiodide on the inside walls of the container. At the
end of 24 hr., any solid material had usually dissolved.
After 7 days the clear solution was poured with stirring into
a mixture of concentrated hydrochloric acid (400 ml.) and ice
(1 kg.). After warming gently, the precipitate was filtered off
and washed thoroughly with hot water. The solid was dis-
solved in dilute sodium hydroxide and the precipitation,
filtration, and washing procedure repeated. The material was

(6) W. R. Orndorff and A. J. Hemmer, J. Am. Chem. Soc.,
49, 1272 (1927).

(7) M. A Phillips, J. Chem. Soc., 724 (1932).

(8) I. M. Kolthoff, W. M. Lauer, and C. J. Sunde, J. Am.
Chem. Soc., 51, 3273 (1929).
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dried and no attempt was made to purify it, since the purpose
of this work was to determine only the extent of iodination.

Anal. Calcd. for CIH4009 2 |, 43.5. Found: I, 44.8, 44.9.

In a similar manner, after 24 hr., the reaction mixture af-
forded a crude diiodofluorescein which was analyzed.

Anal. Calcd. for CZH1049 2.1, 43.5. Found: I, 41.4, 41.3.

lodination of I, 11, and I11. Compounds I, Il, and I11 were
allowed to react for 7 days with excess iodine in ammonium
hydroxide, in the manner described for fluorescein, and the
crude products were analyzed. In the case of I, some iodina-
tion took place.

Anal. Found for 0.2086 g. of CoH®) Brd2 Ag halide,
0.1688.

The combined Agl and AgBr was converted into AgCI.9

(9 E.P. Treadwell and W. T. Hall, Analytical Chemistry,

Vol. 11, John Wiley and Sons, Inc., New York, N. Y., 1935,
p. 310.
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Found: AgCl, 0.1264 g. On this basis the extent of iodination
is 4.1%.

Calcd. for ChHjOsB/E: I, 34.2.

Compounds Il and I11 showed an uptake of iodine which
was close to the required amount.

Anal. Found for 0.3548 g. of CH06CIA2: Ag halide,
0.3914 g. Found: AgCl, 0.3014 g. The extent of iodination was
35.2%. Calcd. for CioHgOeCljlj: 1, 38.8.

Anal. Found for 0.4034 g. of COH Bra2: Ag halide,
0.4570 g. Found: AgCl, 0.3126 g. The extent of iodination was
32.3%. Calcd. for CsoHABrjU: I, 34.2.

Acknowledgment. We are very grateful to Dr. F.
Marshall Beringer of the Department of Chemistry
of the Polytechnic Institute of Brooklyn for many
helpful suggestions.
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Communications to the editor

A New Rearrangement Involving a
Trichloromethyl Group

Sir:

The rearrangement of 4-methyl-4-trichlorometh-
yl-2,5-cyclohexadienone (I) to 3-methyl-4-trichloro-
methylchlorobenzene (11) on treatment with phos-
phorus pentachloride has been reported.1 In an
attempt to make 3,5-dimethyl-4-trichloromethyl
chlorobenzene by a similar rearrangement, we pre-
pared 3,4-dimethyl-4-trichloromethyl-2,5-cyclo-
hexadienone (111).2 When treated with phosphorus
pentachloride, 111 underwent a new rearrangement
to yield 3-(/3,5,/3-trichloroethy])-4-rnethybjliloroben-
zene (IV) in 88% vyield. No trace of a benzo-
trichloride product was detectable.

o} cl
" v

The structure of IV was established by the fol-
lowing facts. Oxidation with alkaline perman-
ganate yielded 4-chlorophthalic acid. Oxidation
with a theoretical amount of chromic acid yielded
2- (j3,j8,|3-trichloroethyl)-4-chlorobenzoic acid. Treat-
ment of IV with sodium ethoxide readily afforded
3- (|8,/3-dichlorovinyl)-4-methyl chlorobenzene (V)
which in turn vyielded 2-methvl-5-chlorobenzoic
acid on oxidation.

3,4-Dimethyl-4-trichloromethyl-2,5-cyclohexadi-
enone (I11) was prepared by the reaction of 61.1
g. of 3,4-dimethylphenol, 400 ml. of carbon tetra-
chloride, and 166 g. of anhydrous aluminum chlo-
ride at 520° for 2.5 hr. The yield was 92.1 g.
(76.6%) cf 111, m.p. 60.0-61.0°. (Anal. Calcd. for
C9H9OCI3: C, 45.0; H, 3.8; Cl, 44.5. Found: C,
45.1; H, 3.6; Cl, 44.5.) The spontaneous exother-
mic reaction of 24 g. of 111 with 21 g. of phosphorus
pentachloride yielded 22.8 g. (88.5%) of 3-Q3/3/3
trichloroethyl)-4-methylchlorobenzene (IV), b.p.

(1) K. Von Auwers and W. Julicher, Ber., 55, 2180
(1922).
I (2) Compare Th. Zincke and R. Subi, Ber., 39, 4152
(1906).

121.0- 128.0° at 4 mm., m.p. 35.0-36.1°. (Anal.
Calcd. for CgHsCh: C, 41.9; H, 3.1; CI, 55.0.
Found: C, 41.5; Il, 3.2; Cl, 55.0.) The oxidation of
1.3 g. of IV with 1.3 g. of sodium dichromate di-
hydrate in a mixture of 60 ml. of glacial acetic acid
and 2 ml. of concentrated sulfuric acid for 12 hr.
on a steam bath yielded 1.34 g. (93.0%) of 2-
(?/2/3-trichloroethyl)-4-chlorobenzoic  acid, m.p.
168.0- 169.5°. (Anal. Calcd. for CgFleCIA.: C,
37.8; H, 2.1; Cl, 49.0. Found: C, 37.7; H, 2.2;
Cl, 49.0)

The slow addition of an ethanolic solution of 10
g. of sodium ethoxide to an ethanolic solution of
38,5 g. of IV yielded 135 g. (40.8%) of 3-(/3/3-
dichlorovinyl)-4-methylchlorobenzene (V) as the
major product, b.p. 114.5-115.5° at 16 mm. (Anal.
Calcd. for CHTCI3: C, 48.9; H, 3.2; CI, 48.1.
Found: C, 49.0; H, 3.3; Cl, 47.8.) The oxidation of
2.2 g. of V with 3.2 g. of potassium permanganate
in a 4 to 1 pyridine-water mixture was completed
in 10 min. at 25° to yield 1.05 g. (62.0%) of 5-
chloro-2-methylbenzoic acid, m.p. 169.5-171.0°. A
mixed m.p. with authentic 5-chloro-2-methyl-
benzoic acidl was unchanged.

Details of this and related work will be reported
later.

M cPherson Chemistry Laboratory
The Ohio State University
Columbus, Ohio
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Melvin S. Newman
Louis L. Wood

Favorable Effect of Imidazole on Peptide
Synthesis by the Tetraethylpyrophosphite

Method
Sir:

It has been proposed that the imidazole group of
histidine is an active site on enzyme molecules, and
imidazole has been shown to be a catalyst for the
hydrolysis of esters.12 Acyl imidazoles are known
to be highly reactive, and in fact peptide derivatives
have been synthesized via VV-acylation of the imid-
azole ring of methyl V-benzoyl-L-histidinate.3 It
was, therefore, of interest to study the effect of
added imidazole on the synthesis of peptides by
several of the commonly used procedures.

No improvement of yields was found in prelimin-
ary experiments using the isobutyl chlorocarbonate

(1) M. L. Bender and B. W. Turnquest, J. Am. Chem-
Soc., 79, 1652 (1957).

(2) T. C. Bruice and G. L. Schmir, J. Am. Chem. Soc., 79,
1663 (1957).

(3) T. Wieland and G. Schneider, Ann., 580, 159 (1953).
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and azide procedures. In contrast, yields were con-
sistently improved when imidazole was used in
peptide syntheses by the tetraethylpyrophosphite
procedure. For example, the reaction of carbo-
benzoxyglycine with ethyl n-tyrosinate gave crude
yields of 60-70% of ethyl carbobenzoxyglycyl-L-
tyrosinate4's by the standard tetraethylpyrophos-
phite procedure,5 and 85-90% when an equivalent
of imidazole was present; recrystallized yields were
in proportion. Several experiments showed that the
rate of peptide formation was approximately
doubled. For example, the reaction of carbobenz-
oxyglycine with ethyl DL-phenylalaninate hydro-
bromide in diethyl phosphite with trimethyl
phosphite as HBr acceptor and tetraethyl pyrophos-
phite as reagent by the standard procedureé was
timed so that the reaction was incomplete: heating
for 180 seconds on a steam bath gave a 41% vyield
of ethyl carbobenzoxyglycyl-DL-phenylalaninate
when no imidazole was present, and 75% when an
equivalent of imidazole was present.

Maximum yields are obtained when imidazole is
used in molar equivalence to the amino acid or pep-
tide reactants. Also, best results are obtained when
the imidazole is mixed with tetraethylpyrophos-
phite before addition of the latter to the peptide-
forming reactants.

An attempt to isolate a possible intermediate,
diethyl 1-imidazolephosphite, from reaction of
tetraethyl pyrophosphite with imidazole was un-
successful. However, the reaction of ethylene

(4) J. It. Vaughan, Jr. and It. L. Osato, J. Am. Chcm.
Soc., 74, 676 (1952).

(5) G. W. Anderson, J. Blodinger, and A. D. Wclcher, J.
Am. Chem. Soc., 74, 5309 (1952).
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chlorophosphite with imidazole in benzene in the
presence of triethylamine gave cyclic ethylene
1-imidazolephosphite [2-(l-imidazolyl)-1,3,2-dioxa-
phospholane] (1) as a very hygroscopic, crystalline
solid, m.p. about 35°.

HD
S o 0
cnal

Anal: Calcd.: C, 37.98%; H, 4.46%. Found:
C, 38.59; 37.94%; H, 4.85, 4.72%. A sample
quickly weighed out was used in place of tetraethyl-
pyrophosphite to prepare ethyl carbobenzoxy-
glycyl-L-tyrosinate by the standard procedure,
giving a 91% crude yield, m.p. 122-125°. Recrystal-
lization from ethanol-water gave an over-all yield
of 77% with m.p. 125.5-127°. Thus cyclic ethylene
1-imidazolephosphite is an excellent peptide-form-

.ing reagent, but its hygroscopicity might limit its

utility.

The effects of substituted imidazoles and related
heterocycles are under investigation and will be re-
ported at a later date.

Organic Chemical Research Department
Research Division, American Cyanamid Company
Pearl River, N. Y.

Agricultural Chemical Section
Research Division, American Cyanamid Company
Stamford, Conn.
George W. Anderson
Anne C. McGregor
Richard W. Young
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