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have been studied chemically heretofore. Wax-like prod-
ucts were obtained in variable but small quantities from all
of the 21 species. In none of these was the percentage
found in excess of ten and some of it may have been derived
from the epidermal cells rather than the secreting hairs.

Summary
Flavone was found to form at least 759, of the
farina of twenty-one species of primula, by heat-
ing with 6 N hydrochloric acid, filtering the hot
solution, cooling to 20° and separating the
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CisH1 0O HCI'-HyO  formed. The farina of P.
denticulata contained about 109, of an orange-
yellow compound, C;sH;0q, which melted at 228°
and behaved like an undescribed dihydroxy-
flavone. A second yellow compound, C;H;Os,
which melted at 153° was separated from P.
verticillata. Varying amounts of wax-like com-
ponents were found in all the twenty-one species.

BERRELEY, CALIF. RECEVED OCTOBER 25, 1044
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Bis-(trimethylenediamino)-cupric Sulfate
By LAWRENCE H. AMUNDSEN! AND LENA A, MALENTACCHI

This substance was prepared for use as a germi-
cide in the treatment of surface tissues by ionto-
phoresis after the desired' combination of proper-
ties had not been found in a number of other
copper compounds, including the corresponding
one from ethylenediamine. A report on these
tests is expected to appear soon.?

Bis-(trimethylenediamino)-cupric sulfate is ob-
tained readily from trimethylenediamine and
cupric sulfate, either anhydrous (blue) or as a
monohydrate (pinkish-purple). The hydrate is
the stable form under ordinary conditions but
loses water slowly at 56° and promptly at 100°.
At room temperature it dehydrates in a desiccator
over calcium sulfate (Drierite). The hydrate
absorbs no more water under the atmospheric
conditions prevailing in the laboratory except in
the most humid summer weather, when some
samples gained as much as 4-59%, in weight. It
is very soluble in water.

Experimental

Trimethylenediamine.—A solution was prepared from
8824 g. (7.81 moles) of trimethylene chloride, 12636 cc.
(187.4 moles) of ammonium hydroxide, and 7 liters of
959, ethanol and left standing in a stoppered bottle at
room temperature (19-22°), samples being withdrawn at
weekly intervals for determinations of ionizable chlorine
(Table I). After five weeks the mixture was distilled to
dryness under the vacuum of a water-jet pump (13 mm.).

TaBLE I
Y1eLp OF CHLORIDE ION

Reaction period, days % Theor.
7 33
14 63
21 82
28 88
35 92

(1) Present address: Department of Chemistry, University of
Conoecticut, Storrs, Conn.

(2) By Commander Armand J. Pereyra, Medical Corps. U. S.
Navy.

After the addition of 1637 cc. (31.24 moles) of 509 sodium
hydroxide the mixture again was distilled to dryness under
vacuum. The distillate was collected in two fractions of
873 cc. and 720 cc., respectively. Water (220 cc.) was
added to the residue and a third fraction was obtained by
distilling to dryness again. The three fractions were
saturated with sodium hydroxide. The upper layer was
separated from each and dried over sodium hydroxide.
The layers were separated again and more sodium hy-
droxide was added to the upper layers. This process was
repeated until fresh sodium hydroxide remained unchanged
when added to the products. Upon rectification through
a 180-cm. column packed with glass helices, 161 g. of tri-
methylenediamine was obtained from the first fraction and
21.5 g. from the second, making a yield of 3279, of the
theoretical. No attempt was made to rectify the product
from the third fraction because of its high viscosity and be-
cause of the low yield from even the second fraction. It
presumably consisted largely of amines of higher molecular
weight, The trimethylenediamine was collected at 48—
50° at 20 mm. It boiled at 133° cor. at 754.5 mm.3*
The pressure was reduced to 5 mm. and the distillation was
continued as long as any liquid would come over. When
21 cc. of material so obtained was rectified again in a semi-
micro apparatus,’ 9.4 g. of a product boiling at 128-131.5°
at 20 mm. was obtained (b. p. 230.5° cor, at 760.2 mm.?),
This compound is presumed to be bis-(y-aminopropyl)-
amine, which von Braun! reported that he obtained as a
fraction boiling from 210~230°.

Bis-(trimethylenediamino)-cupric Sulfate.—A mixture
of 15.4 g. (0.208 mole) of trimethylenediamine, 24.97 g.
(0.1 mole) of c. p. cupric sulfate pentahydrate, and 15 cc.
of water was boiled gently under a reflux condenser until
all of the copper sulfate went into solution. The mixture
then was placed in a vacuum desiccator over calcium chlo-
ride. From time to time the crust on the surface was
broken up, and the drying was continued until there was
no further loss in weight. The product was the mono-
hydrate (Table II).

(3) The determination was made by the micro method described
in Shriner and Fuson’s, “Identification of Organic Compounds,”
second edition, John Wiley and Sons, Inc., New York, N, Y., 1940,
p. 93.

(4) Fisher and Koch (Ber., 17, 1799 (1884)) reported 135-136° at
738 mm.; Putokhin (Trans. Inst. Pure Chem. Reagents (Moscow)
No. 6,10 (1927)), 135~136°; von Braun, et al. (Ber., 70B, 979 (1937)),
136-138°; Aspinall (Tuts JOURNAL, 68, 2843 (1941)), 131° at 760
mm.; Whitmore, et al, (bid., 66, 726 (1944)), 138° at 735 mm, The
higher boiling points may have been determined on samples that were
not completely dry. Tests made during the present study showed
that the boiling point was raised by the addition of a little water and,
furthermore, that the apparent boiling point would be several degrees
higher than reported above if the sample was exposed to the atmos-
phere of the laboratory for a few minutes during the determination,

(5) Weston, Ind. Eng. Chem., Anal. Fd., 8, 179 (1933).
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TasLe II CH, CH; CH,
ANALYSIS OF BIS-(TRIMETHYLENEDIAMINO)-CUPRIC SUL- /l l ‘
FATE HYDRATE® HO————7 HO—C—H C=0
%C %H %Cu %N %S > - — ‘
Caled. for CeHaoCuN(SO¢HsO 22.11 6.81 19.51 17.19 9.84 H \ OH H—C—0H H—C—0OH
Determined 21.88 6.40 19.51 16.80 9.66 \ /
Determined 21.98 6.44 19.69 16.54 9.99 ‘ ‘ ‘
H CH CH
When heated it changes to the blue anhydrous form CHy 1 33 - d

and finally decomposes at 276-277° cor. with evolu-
tion of gas, leaving a brown residue. Samples of the
hydrate were heated to 35, 57, 78 and 100° and kept
at these temperatures, all samples being reweighed after
1, 3,8, 10,and 14 days. At 35° there was no dehydration.
At 57° dehydration progressed so slowly that it was not
quite complete even after fourteen days. At both 78 and
100° the dehydration was complete after one day. At
100° the change appeared to take place instantly, but at
78° even the visible color change required about an hour.
The anhydrous compound apparently is stable at 100° for
no additional change in weight occurred during the four-
teen-day period of heating. The product does not contain
unreacted cupric sulfate because when a sample of it was
treated with additional trimethylenediamine and water
and dried, it went back to its original weight.

(6) All determinations were made by the Laboratory of Michro-
chemistry, 366 Fifth Avenue, New York, N. Y.

VENEREAL DISEASE RESEARCH LABORATORY
U. S. MARINE HOSPITAL
STATEN IsLAND, NEW YORK
RECEIVED SEPTEMBER 8, 1044

Configuration of Acetylmethylcarbinol
By R. H. BLom

The configurations of the optically active 2,3-
butylene glycols have recently been correlated
with the configurational system which Emil Fis-
cher established for glucose, as p-(—) and L-
(+)- for the levo- and dextro-rotatory forms, re-
spectively.! The proof depends upon the estab-
lished relationship of configuration between the
methylethylcarbinols and the lactic acids.? In
turn, the place of the lactic acids in the Fischer
sugar system follows, for example, from the oxida-
tion of the methyl 6-desoxy-hexopyranosides to
the corresponding lactic acids.®* In studying the
vapor-phase oxidation of p-(—)-2,3-butylene gly-
col (I), it has been found that the acetylmethyl-
carbinol so formed (I1) is levorotatory. Although
extensive racemization occurred during the re-
action, the rotation of the product was sufficient
to establish the configurational relationship.
Since the glycol and the carbinol can exist in only
two active forms, p- or L-, racemization would
form only the racemic structures in both cases.
The acetylmethylcarbinols and the 2,3-butylene
glycols which exhibit the same sign of rotation
therefore possess the same configuration:

(1) 8. A, Morell and A. H. Auernbeimer, Turs Journar, 66, 792
(1944).

(2) P. A. Levene, A. Walti and H. L. Haller, J. Biol. Chem., 71,
465 (1927).

(3) W. D. Maclay, R, M. Hann and C. S. Hudson, TBIS JOURNAL,
61, 1660 (1939).

p-(~)-2,3-Butylene glycol*

A sample of p-(—)-2,3-butylene glycol,® [«]*D
—12.20° (€ = 100%, 1-dcm. tube) was heated to
140° and vaporized by means of a stream of air.
The vapors were passed through a Pyrex tube
packed with copper turnings and maintained at
315°. On condensation and fractional distilla-
tion, the main products obtained were diacetyl
(33% yield), b. r. 88-88.5° (uncor.) and acetyl-
methylcarbinol (259, yield), b. r. 142-144°
(uncor.), n®p 1.4186, which values are in good
agreement with the literature.® The latter was
levorotatory, [a]*D —1.39° (C = 1009, 1-dem.
tube). On standing faor twenty-four hours at
4° crystals of the optically inactive dimer of
acetylmethylcarbinol were deposited.” Since an
optically pure isomer of acetylmethylcarbinol has
not yet been conclusively obtained,® it is not
possible to calculate the concentration of the ac-
tive form present in the product. The acetyl-
methylcarbinol was identified by acetylation with
acetic anhydride, acetoin acetate, b. r. 167-168°°
being obtained.

The assistance of Dr. S. A. Morell in the prepa-
ration of this paper is gratefully acknowledged.

(4) The structural formulas used conform with the fundamental
convention of Emil Fischer in that the lower edges of the tetrahedra
lie in a straight line in the plane of the paper, the corners which
carry (H) and (OH) groups thus being above the paper.

(5) G. E. Ward, O. G. Pettijohn, L. B. Lockwood and R. D. Cog-
hill, THIS JOURNAL, 66, 541 (1944).

{6) J.R.Pound and A, M. Wilson, J. Phys. Chem., 89, 1135 (1935).

(73 T. M. Lowry and W. C. G. Baldwin, J. Chem. Soc., 704
(1935).

(8) W. Dirscherl and A. Schollig, Ber., 71, 418 (1938).

(%) M. Bergmann and S. Ludewig, Ann., 486, 173 (1924).
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D-(—)-Acetylmethylcarbinol

Carbobenzoxy Derivatives of Aromatic Amines
By NorMan C. BERGSTROM AND A. E. MARTELL?

A number of aromatic amines were treated with
benzyl chlorocarbonate in order to determine the
ease of acylation and the possible use of the rea-
gent for obtaining crystalline derivatives of
amines. The acylation of amines and amino acids
with benzyl chlorocarbonate has been thor-
oughly described by Bergmann? and his method is
essentially the one used here.

(1) Now at Clark University. Worcester, Mass.
(2) Bergmann and Zervas, Ber., 65, 1192 (1932).
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The derivatives tabulated below were obtained
merely by shaking the corresponding amine with
slightly more than a molar equivalent of benzyl-
chlorocarbonate in the presence of excess 109,
sodium hydroxide solution. The product solidi-
fied in a few minutes, was filtered and then re-
crystallized from ethyl alcohol. The yields of
recrystallized material were between 60 and 90%,
of the theoretical amount.

Nitrogen, %

M. p., Calcu-

Product, carbonate °C. lated Found
N-Phenyl-benzyl 77 6.16 6.11
N-p-Tolyl-benzyl 83 5.81 5.64
N-o-Tolyl-benzyl 83.5 5.81 5.62
N-p-Methoxy-phenyl-benzyl 98.0 5.83 5.65
N-m-Bromophenyl-benzyl 58.0 4.58 4.45

Orthoanisidine produced a liquid derivative
which was not further investigated. Three of the
above compounds have been prepared previously
by the isocyanate method: N-phenyl-benzyl
carbamate,® N-o-tolyl-benzyl carbamate,* and
N-p-methoxyphenyl-benzyl carbamate.®! The re-
maining two benzyl carbamates have not pre-
viously been reported. Nitrogen analyses were
made by the Dumas method. Carbobenzoxy
chloride was prepared by the method of Berg-
mann and Zervas.?

The low melting points and low melting point
spread of these derivatives indicate that they
would be of little value in the identification of the
amines investigated. On the other hand they are
prepared in excellent yield and seem to offer a
convenient method for ‘“masking’ amino groups.

(3) Soden and Rojahn, Ber., 34, 2809 (1901).

(4) Gattermann and Cantzler, ibid., 38, 1807 (1892).
(5) Brunner and Wohol, Monatsh., 68, 374 (1930).

DEPARTMENT OF CHEMISTRY
WORCESTER POLYTECHNIC INSTITUTE
WORCESTER, MASS. RECEIVED NOVEMBER 22, 1944

Percain Analogs. The Preparation of 8~-Diethyl-
aminoethoxyethyl 2-Alkoxy-cinchonates

By CH1-CHIEK CHANG AND NENG-Y¥AN WoO

Most 2-alkoxy-cinchonic acid derivatives ex-
hibit a local anesthetic effect. In a series of $-
diethylaminoethylamides of this acid prepared
by Aeschlimann,! percain, the butoxy derivative,
is the strongest, being ten times as active as co-
caine, and is used in medicine.

Luré? showed that in a series of amino esters of
these acids the anesthetic effect was to some ex-
tent dependent on the nature of the alkoxy group
in the 2-position, but more on the side chain in
the 4-position, the effect increasing with the in-
crease of the number of the carbon atoms,

In a series of a different type of amides of these
acids Magidson® proved that an increase in the

(1) Aeschlimann, J. Chem. Soc., 2906 (1926).

(2) Luré, J. Gen. Chem. (U. 8. S. R.), 9, 287 (1938).
(3) Magidson, ibid., 9, 2097-2103 (1939).
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number of the hydroxyl groups in the side chain
in the 4-position decreases the anesthetic effect.
With these views in mind, we prepared a series
of B-diethylaminoethoxyethanol esters of 2-
alkoxy-cinchonic acids containing an O-atom in
the side chain in the 4-position, and studied the
change in the local anesthetic effect when the
alkoxy group in the 2-position was varied.

B-Diethylaminoethoxyethanol was prepared by the
method of Horne and Shriner.¢ 2-Chlorocinchonic acid
was prepared by the method of Aeschlimann! or Thiele-
pape,® and it was converted into a series of 2-alkoxycin-
chonic acids by the action of sodium alcoholate in the corre-
sponding alcohols. From these, the acid chlorides, the
esters, and finally the ester hydrochlorides were prepared.

2-Alkoxy-cinchonic Acid Chloride.—This was prepared
by the action of thionyl chloride on a solution of the corre-
sponding alkoxy-cinchonic acid!s in benzene following the
procedure of Gardner and Hammel.® In several repeti-
tions of this procedure we found the yield to be dependent
on the time of heating, as follows
Amount of add

Time of heating, Amount of 2-alkoxy-

min, cinchonic acid used, g. recovered, g.
10 0.38 0.30
35 1.20 .25
60 1.40 .19

B-Diethylaminoethoxyethyl 2-Alkoxy-cinchonate Hydro-
chloride.—To a solution of the alkoxy-cinchonate chloride
in about ten times its weight of benzene was added a slight
excess of B-diethylaminoethoxyethanol. The mixture was
heated at 60° for fifteen minutes, After cooling, the ben-
zene solution was extracted with dilute hydrochloric acid.
The ester was precipitated by neutralizing the acid solution
with sodium carbonate, and was extracted with benzene.
The benzene solution was dried with anhydrous sodium sul-
fate and treated with the calculated amount of hydrogen
chloride gas. The mixture was allowed to stand for several
hours and the precipitate was filtered off, washed with ben-
zene, and dried in a desiccator. Yields and melting points
are given in the table.

B-DIETHYLAMINOETHOXYETHYL 2-ALKOXY-CINCHONATE

HYDROCHLORIDES
Percentage composition
Yield, M. p., Nitrogen hlorine
Alkoxy % °C. Formula  Caled. Found Caled. Found

-ethoxy- 64 80 CxoHuON:C1 7.02 7.10 8.94 9.03
-isopropoxy- 68 75 CaHaON:C1 6,95 6.94 8.64 8.72
-butoxy- 66 108 Ca:HaONiC1 6.72 6.77 8.35 8.50
-pentoxy- 66 78 CuHuONiCl 6.50 6.53 8.08 8.12

These compounds, in 1%, aqueous solution, produce a
local anesthetic effect when tested by the tongue, but the
pharmacological properties will be further investigated.

(4) Horne and Shriner, Tars JournaL, B4, 2025-2930 (1932).
(5) Thielepape, Ber., 58, 133-134 (1922),
(8) Gardner and Hammel, TH1S JOoUurNAL, 88, 1360-1361 (1936).

DEPARTMENT OF CHEMISTRY
NATIONAL CHERIANG UNIVERSITY
Malitan, KweicHow, CHINA
RecEIvED NOVEMBER 22, 1944

Derivatives of Phenothiazine
By STEWART E. HAzLET AND CHARLOTTE E. RODERUCK

In connection with other investigations! at this
institution, several new derivatives of pheno-

(1) Nicholson and McCulloch; J. Am, Vet. Med. Assoc., 101
(No. 786), 205 (1942).
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thiazine? have been prepared. Methods used
were similar to those which had been employed
for the acylation of phenols. Acetyl derivatives
were prepared by the use of acetic anhydride.?
Other acylations were effected by permitting the
materials to react in pyridine solution,* but no
heating was required.

Phenothiazine.—‘‘Phenothiazine (Regular) Lot 18-
10402-1-769’’ was generously provided by E. I. du Pont de
Nemours & Company. Recrystallizations from henzene
yielded a product melting at 179°.

Nitro Derivatives.*—3-Nitrophenothiazine-3-oxide aud
3,7-dinitrophenothiazine were prepared by recorded meth-
ods; 3,7-dinitrophenothiazine-5-oxide was obtained as a
by-product in the preparation of the mononitro oxide.

Acyl Derivatives of Phenothiazine and Substituted Pheno-
thiazines

(A) 10-Benzenesulfonylphenothiazine: glistening,
colorless needles from ethanol, 309, yield, m. p. 170-170.5°.
Anal. Caled. for C;sHyisO:NS;: S, 18.87. Found: S,
19.0.

(B) 10-Acetyl-3-nitrophenothiazine-5-oxide: dark red
irregular crystals from nitrobenzene {precipitated by the
addition of 90-120° ligroin), 909, yield, sublimes ca. 250°,
dec. above 360°. Anal. Caled. for C1H;yO.N.S: S,
10.59. Found: S, 9.6.

(C) I0-Benzoyl-3-nitrophenothiazine-5-oxide: dark red
irregular crystals from nitrobenzene (precipitated by the
addition of 90-120° ligroin), crude yield nearly quantita-
tive, sublimes ca. 270°, dec. above 3680°. Anal. Caled.
for CipHsO4N3S: S, 9.14. Tound: S, 9.12.

(D) 10-Benzenesulfonyl-3,7-dinitrophenothiazine: as
small red irregular platelets from nitrobenzene (precipi-
tated by the addition of benzene), 409, yield, dec. above
gO(i‘;.g(jAnal. Caled. for CisH,;,0cN;S:: S, 14.94. Found:

(2) In this report the nomenclature system listed recently by
Chemical Abstracts {87, 7807 (1943)] and used by Gilman and Shirley
{TH18 JOURNAL, 66, 888 (1944)] has been followed.

(3) Hazlet and Kornberg, THIS Jour~aL, 61, 3037 (1939).

(4) Hazlet, ibid., 59, 287 (1937).

{5) Kehrmann and Nossenko, Ber., 46, 2809 (1913;.

DEPARTMENT OF CHEMISTRY
STATE COLLEGE OF WASHINGTON
PuLLMAN, WASHINGTON RecE1VED DECEMBER 5, 1944

Thiamin Analogs. IV.! 4(5)-Methyl-5(4)-(8-
hydroxyethyl)-imidazole

By SIpNeY W, Fox,? HERBERT SARGENT AND EpwiIN R.
BucCHMAN

This communication deals with the synthesis
of (IV), the imidazole® analog of the vitamin B,
thiazole. Its preparation was accomplished by
the following steps, which are based on reactions

(1) Paper XX1V in the R. R. Williams series.

(2) Present address: Chemistry Department, Iowa State College,
Ames, Iowa.

(8) Tracy and Elderfield (Science, 92, 180 (1940); J. Org. Chem., 6,
54 (1941)) have prepared the pyridine analog of thiamine; see Rob-
bins, Proc. Natl. Acad. Sci., 27, 419 (1941); ulso Finkelstein and
Elderfield, J. Org. Chem., 4, 365 (1939); Schmelkes, Science, 80, 113
(1939); Schmelkes and Joiner, THis Jourw~al, 61, 2562 (1939);
Baumgarten and Dornow, Ber., 78, 44 (1940); Dornow, ibid., 78,
136, 353 (1940). A pyrimidine analog has been synthesized (Tota
and Elderfield, J. Org. Chem., T, 309 (1342); see Robbins, Proc, Nail.
Acad. Sci., 28, 352 (1942)) and attempts to prepare a pyrazine analog
have been vecorded (/. Org. Chem., T, 313 (1042)). Schultz (Z.
physiol. Chem., 386, 113 (1840)) has reported on the physiological
activity of the selenazole aualog
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well known in the field of imidazole chemistry.*
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Studies carried out at this Institute by Dr.
James Bonner show that (IV) is unable to func-
tion as the vitamin thiazole in supporting growth
of either pea roots or Phycomyces Blakesleeanus.

Experimental®

3-Oximinopentanol-5-one-2 (I).$—To a mixture of 58 g.
of y-acetopropanol’ and 1.8 cc. of concentrated hydro-
chloric acid, 45 g. of butyl nitrite was added over a period
of fifteen minutes, with the temperature maintained at
45-50° by means of an ice-bath. After the addition the
mixture was allowed to stand for an additional fifteen
minutes; 50 g. of ice and 48 g. of 33% sodium hydroxide
solution were then added and the mixture stirred for one-
half hour. The aqueous layer was separated and ex-
tracted twice with ether, after which it was brought to
pH 6 by addition of dilute sulfuric acid while the tempera-
ture was kept below 10° by external cooling. The resulting

‘mixture was continuously extracted with ether and the

ether extract evaporated tn vacuo; from the residual sirup
7 g. (99 from acetopropanol) of crude (I) crystallized on
standing; m. p. 91.5° after recrystallization from ethyl
acetate.

Anal. Caled. for C;H¢NO,: C, 45.79; H, 6.92; N,
10.68. Found: C, 45.97; H, 6.94; N, 10.33.

The mother liquors containing additional amounts of
(I) were utilized without further purification for conversion
to (IV); attempts to distill them led to extensive decom-
position.

3-Aminopentanol-5-one-2 Hydrochloride (II}.8—In a flask
surrounded by a bath at —15° was placed 75 g. of stannous
chloride, 100 cc. of concentrated hydrochloric acid and
180 g. of mossy tin. To this was added 14. g. of (I) at such
a rate that the reaction temperature did not rise above
0° (about ten minutes). The resulting mixture was
allowed to stand at room temperature for one-half hour
and then heated to boiling for several minutes. The
liquid was decanted, the tin was washed with water and the
combined aqueous solutions, after diluting to about 1300
cc., treated with hydrogen sulfide until precipitation of tin

(4) Compare, for instance, Garforth and Pyman, J, Chem, Soc.,
489 (1935).

{3) All melting points are corrected.

(6) The structure of this compound is based on analogy; see
Gabriel and Posner, Ber., 27, 1040 (1894); Fileti and Ponzio, sbid.
28R, 555 (1895). Its preparation directly from a-acetobutyrolac-
tone will be discussed in another connection.

(7) Knunyantz, Chelintzev and Osetrova, Compt. rend. acad.
sci., (1R, S. 8, [N.S.11, 312 (1934); C. A., 28, 4382 (1934).

(8) Compare Kiinne, Ber., 28, 2036 (1845); Gabriel and Pinkus,
thii., 26, 2199 (18a3),
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sulfide was complete. After filtration, the filtrate was
evaporated in vacuo to yield a yellow sirup which was used
directly for the next step in the synthesis.

In another similar preparation, the sirup was treated
with absolute alcohol and anhydrous ether and allowed to
crystallize in an icebox. The small amount of crystalline
material separating was recrystallized from =n-butanol-
ether, needles m. p. 134° dec. Due to the unstable nature
of (IT), satisfactory analytical figures were not obtained,

2-Mercapto-4(5)-methyl-5(4)-( 8-hydroxyethyl)-imid-
azole (III)® was obtained in good yield from the unstable
crystalline (II).” More conveniently it was prepared as
follows: The crude sirup resulting from the reduction of
14 g. of (I) was taken up in 50 cc. of ethanol, 10 g. of
potassium thiocyanate and 10 cc. of water were added and
the mixture was heated for two hours in a bath maintained
at about 60°. The reaction mixture was transferred to an
evaporating dish, evaporated at about 50° and the residual
dry yellow powder extracted witi hot alcohol. The ex-
tracts were evaporated to a sirup which was taken up in a
small amount of water and the solution allowed to stand
in the icebox. After two days 9.6 g. of substantially
pure (III) had crystallized out {669, from (I)), m. p. 201°
from n-butyl alcohol, absorption maxima at 263 mu, 209
my, minimum at 230 my (in water).?

Anal. Caled. for C¢H1oN:;0S: C, 45.54; H, 8.37;
N, 17.71. Found: C, 45.64; H, 6.41; N, 17.60.

Mother liquors from various preparations of (I} (60 g. of
oil and crystals) were reduced essentially as given above
and, after detinning and evaporation, the residue (contain-
ing large amounts of ammonium chloride) was heated for
twenty-four hours with 60 g. of potassium thiocyanate
and 65 cc. of water in a bath maintained at 100°. After
evaporation the reaction mixture was extracted with 250
cc. of hot absolute alcohol, the extract cooled and filtered
from potassium thiocyanate. After concentration to
about 150 cc., an additional amount of potassium thio-
cyanate was filtered off and the filtrate seeded; after re-
working of the mother liquors a total of 16 g. of (III) was
obtained.

4(5)-Methyl-5(4)-( 8-hydroxyethyl)-imidazole (IV).—To
a solution of 3.2 g. of crude (III) dissolved in 100 cc, of
water was added a solution of 19.6 g. of anhydrous ferric
chloride?® in 100 cc. of water. After heating the mixture
at 100° for one-half hour, 300 cc. of sodium carbonate solu-
tion was added and after filtration the filtrate was con-
centrated % vacuo. The residue was extracted with two
100-cc. portions of hot absolute alcohol, the extract!! evapo-
rated to a small volume, 3.6 g. of picric acid added and the
mixture heated and allowed to cool. The resulting picrate
was recrystallized from alcohol; yield 3.0 g. (41%,) m. p.
157.5°.

Anal. Caled. for CuHy3NyOs: C, 40.57; H, 3.69; N,
19.71. Found: C, 40.68; H, 3.61; N, 19.75.

The picrate was treated with dilute hydrochloric acid
and the mixture extracted with ethyl acetate to remove
picric acid. Next, excess sodium carbonate was added,
the whole evaporated 7z vacuo and the residue extracted
with hot absolute alcohol. After evaporation of the al-
cohol the residue was taken up in hot ethyl acetate and the
ethyl acetate solution evaporated to a small volume. On
long standing, crystals of (IV) separated, m. p. 96.5° from
ethyl acetate (crystallization takes place very slowly);
solution in water practically transparent above 250 muy,
Amax. 222 mu, € 6308,12 character of spectrum not appre-
ciably affected by pH change.

Anal. Caled. for CeH1oNsO: C, 57.12; H, 7.99; N,
22.21. Found: C, 57.07; H, 7.76; N, 22.10.

(9) 2-Mercaptoimidazole exhibited Amax, 252 mu, 208 mu, Mmia,
223 mu (in water); 2-ethylmercapto-4-methylimidazole Nmax,
251 mu, 224 my, Mmin, 235 mu (in water).

(10) Compare Pyman, J. Chem. Soc., 89, 2172 (1911).

(11) In other experiments (IV) was isolated directly from such
extracts without going through the picrate.

(12} A sample of 4-methylimidazole was found to have Mmax,
215 myu (in water).
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The authors are indebted to Dr. J. Bonner for
the results of his tests and to Dr. R. T. Major of
Merck and Company, Inc., for his generous sup-
port of the investigation.
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Nicotinic Acid Esters
By JEROME G. KAyurMAaN!

Esters of nicotinic acid can be obtained by di-
rect esterification of reaction mixtures that result
when nicotine, quinoline or 8-picoline is oxidized
in the liquid phase. This direct synthesis is of
interest because of the importance of these esters
as intermediates in the preparation of the widely
used nicotinamide. In addition, the esters, since
they are capable of hydrolytic conversion to
nicotinic acid in the body, can be classified as
biologically active pyridine derivatives. It has
been demonstrated that ethyl nicotinate, when
administered orally, exhibits anti-black-tongue
activity.?

This Laboratory® has shown that good yields
of nicotinic acid are obtained when nicotine,
quinoline or @B-picoline is oxidized by~ concen-
trated sulfuric acid in the presence of mercuric
sulfate or selenium. In order to isolate the nico-
tinic acid formed, the sulfuric acid, always used in
excess, is neutralized, and the product 1s precipi-
tated as copper nicotinate. The latter is then
converted to nicotinic acid in the usual way. If
nicotinic acid esters were desired, it was necessary
to ¢sterify by any of the known methods.* %87

Experimental

Methyl Nicotinate.—A mixture of 650 cc. of 95%, sulfuric
acid, 75 g. of selenium and 129 g. (1 mole) of quinoline
was heated together for one hour. The maximum tem-
perature attained was 300°. During this time 240 cc. of
water was distilled over. To the cooled mass was added
300 cc. of methanol, after which the mixture was refluxed
for six hours on the steam-bath. The reaction mixture
was then poured onto three times its volume of cracked
ice, made alkaline with ammonium hydroxide, and ex-
tracted with ether. The combined ether extracts were
washed with water and dried over anhydrous potassium
carbonate., After the ether was removed, the product
was vacuum-distilled. It yielded 82.5 g. of methyl nico-
tinate (h. p. (8 mm.) 70~72°), which immediately crystal-
lized to beautiful white crystals in the receiver (m. p.
38°). The yield was 60.2%,.

Ethyl Nicotinate.—With essentially the same procedure
as described for methyl nicotinate, 83 g. of ethyl nicotinate
(b. p. (4 mm.) 72-74°) was obtained; this yield was 55%,.

Propyl Nicotinate.—Substitution of #-propyl alcohol
for the methanol and ethanol used in the preceding experi-

(1) Present address:
N. J.

(2) Woolley, Strong, Madden and Elvehjem, J. Biol. Chem., 124,
715 (1938).

(8) Woodward, Badgett and Kaufman, Ind. Eng. Chem., 86, 544
(1944).

(4) Pollak, Monatsh., 16, 46 (1895).

(5) Engler, Ber., 27, 1787 (1894).

(6) Camps, Arch. Pharm., 340, 353 (1902).

(7) LaForge, THIS JOURNAL, B0, 2477 (1928).

Van Ameringen-Haebler, Inc., Elizabeth,
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ments resulted in the formation of 93.5 g. of n-propyl
nicotinate (b. p. (1 mm.) 80-82°). This represented a
yield of 56.7%,.

Nicotine and g-picoline behaved in a similar manner
and gave yields of the esters in direct proportion to their
ease of oxidation to nicotinic acid.?

U. S. DEPT, AGRICULTURE
EASTERN REGIONAL RESEARCH LABORATORY
CHESTNUT HiLL STATION

PHILADELPHIA, PA. RECEIVED NOVEMBER 16, 1944

Dehydration of Tetrahydrofurfuryl Alcohol!
By CrarLEs Howarp KLINE, JR.,? AND JOHN TURKEVICH

In the course of study of the catalytic synthesis
of pyridine from furfural derivatives, the dehy-
dration of tetrahydrofurfuryl alcohol was investi-
gated. Paul® has found that the dehydration of
tetrahydrofurfuryl alcohol over alumina results
in the formation of 1,2-dihydropyrane, CsHsO, but
did not investigate in detail the yields produced
due to variation in temperature, contact body or
lifetime of the catalyst.

The materials and experimental procedure were
the same as those described by the authors in the
publication of the catalytic synthesis of pyridine.*

Over alumina it was found that tetrahydrofur-
furyl alcohol is unattacked at 250° but is readily
dehydrated at 300 and 350°. The latter tempera-
ture is the optimum temperature for the dehydra-
tion and yields about 709, dihydropyrane. At
400° and above, high boiling material is chiefly
formed and much of the feed alcohol is lost either
as cracked gases (199, carbon dioxide, 57% uu-
saturates, 13%, hydrogen and 119, saturated
hydrocarbons) or catalyst deposit. Condensa-
tion of the tetrahydrofurfuryl alcohol residues
appears to predominate at these temperatures.
The alumina catalyst did not lose activity at 300°
and at 350° the activity fell only moderately dur-
ing four days of continuous operation. In all
cases carbonaceous material was left on the surface
of the catalyst. It is of further interest that at
300° the dehydration of tetrahydrofurfuryl alco-
hol poisoned the subsequent dehydration of ab-
solute ethanol even though it did not poison
further dehydration of the tetrahydrofurfuryl
alcohol. Undoubtedly the tetrahydrofurfuryl al-
cohol poisons the catalyst for ethanol dehydration
by being strongly adsorbed on the surface. This
view is confirmed by the fact that omly fifteen
minutes after the start of the reaction, does the
product come out of the catalyst exit tube.
Further confirmation is the f