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rated. The chloroform layer was evaporated leaving a red
solid, which was recrystallized from 959 ethanol. After
several recrystallizations 4.45 g. (719,) of N-benzylidene-
amino-5-methylisatin was obtained as a red solid, m.p.
145-145.5°.

Anal. Caled. for C;H;:N:0q: C, 72.71; H, 4.59; N, 10.60.
Found: C, 72.53; H, 4.69; H, 10.53.

3-Phenyl-6-methylcinnoline-4~carboxylic acid (IVh). One

gram (0.0038 mole) of N-benzylideneamino-5-methylisatin
was suspended in a solution of 20 g. of sodium hydroxide
dissolved in 100 ml. of water. The solution was refluxed
for 5 hr. The reaction mixture was filtered and acidified with
6N hydrochloric acid. The yellow precipitate which formed
was recrystallized from ethanol, giving 1 g. (1009,) of 3-
phenyl-6-methylcinnoline-4-carboxylic acid, m.p. 229-
229.5°. .

Anal. Caled. for C]sHmNzOzI C, 7271, H, 459, N, 10.60.
Found: C, 72.45; H, 4.69; N, 10.67.
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6-Methyl-3-phenyl cinnoline (Vb). A mixture of 0.5 g.
(0.0019 mole) of 3-phenyl-6-methylcinnoline-4-carboxylic
acid and 2.5 g. (0.0025 mole) of benzophenone was heated
for 60 min. at 260° under an atmosphere of nitrogen. The
gas evolved gave a turbidity when bubbled through barium
hydroxide, indicating the gas to be carbon dioxide. After
being cooled, the mixture was dissolved in 250 ml. of ether
and the ethercal solution was extracted with about 300 ml.
of 6N hydrochloric acid. The yellow acidic solution was
cooled in an ice bath, saturated with potassium carbonate,
filtered, and extracted with ether, The ethereal solution was
concentrated. The yellow solid which separated was re-
crystallized from Skellysolve B,'? giving 0.40 g. (95%) of
3-phenyl-6-methylcinnoline, m.p. 138.5-139.5°.

Anal. Caled. for Ci;HiNo: C, 81.79; H, 5.49; N, 12.72,
Found: C, 82.06; H, 5.48; N, 12.47.
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Chloralquinaldine reacts with pyridine and aqueous potassium hydroxide to .yicld a purple-black solid, Ci7H;2N20, which
is shown to be 2-(3-hydroxy-5,6-benzo)indolizyl pyridinium betaine (XI). Similar substances are obtained from chloral-2-
picoline and chloral-2-methylbenzothiazole. Several reactions of these substances are deseribed and the mechanism of their

formation discussed.

Woodward and Kornfeld® have shown that the
rcaction of chloralquinaldine (I) with aqueous
aleoholic sodium hydroxide yields sodium 3-
acetyl-1,2-dihydroquinaldate (II) in addition to
the expected sodium 8-(2-quinolyl)acrylate (I11a).
Mechanisms to explain the formation of II have
been suggested by Woodward and Kornfeld,?

‘ « X E{OCH.@
: IN/]CHQCHOHCCIB C :N CO:Na
1

11

X
! N7 CH=CHCO.R

IIla, R=Na
1I1b. R=H

by Brown, Hammick and Robinson,® and by
Dauben and Vaughan.® Although the most recent
of these, the mechanism of Dauben and Vaughan,®
appears to be for the most part quite reasonable,

(1) This work was supported in part by grant CY-3090
of the U. S. Public Health Service.

(2) Abstracted from the M. S. theses of R. B. (February
1060) and M. R. D. (July 1951).

(3) R. B. Woodward and . C. Kornfeld, J. Am. Chem.
Soc., 70, 2508 (1948).

(4) Cf. A. Einhorn, Ber., 19, 904 (1886); A. Einhorn and
I’. Sherman, Ann., 287, 26 (1895).

(5) B. R. Brown, D. .. Hammick, and R. Robinson,
J. Chem. Soc., 780 (1950).

(6) W. G. Dauben and C. W, Vaughan, .J. Am. Chem.
Soc., 75,4651 (1953},

the investigation described in this communication
was undertaken to examine an alternative sequence
for the inttial phases of the reaction of I with alkali.

All of the previously reported mechanismg®58
have been based on the premise that one of the hy-
drogens on the carbon atom alpha to the ring is
removed by base in one of the early steps of the
reaction. However, it would appear equally if not
more likely that the initial proton exchange would
involve removal by base of the hydrogen at-
tached to the oxygen of the carbinol group. Thus,
there have been a number of reports in the litera-
ture describing basc-catalysed reactions of tri-
chloromethylcarbinols which take place as shown
in the following equation.”

0-
RCHOHCCl; —> RICHCClx —>
v Vv
O B B
N B: | l
RCH——CCl; —> RCHCO;~ or RCHCOB
VI VII

(7)a) K. Garzarolli-Thurnlackh, Ann., 210, 63 (1881).
(b) J. Jocicz, J. Russ. Phys. Chem. Soc., 29, 97 (1897). (¢)
A. Wohl and H. Roth, Ber., 40, 212 (1907). (d) A. Kotz and
K. Otto, J. prakt. Chem., [2], 88, 531 (1913). (e) A. Kotz
and C. Diebel, J. prakt. Chem., [2], 90, 207 (1914). (f) P.
Hebert, Bull. soc. chim. France, [4], 27, 45 (1920). (g) G.
Banti, Gazz. chim. ital., 59, I, 819 (1929). (h) C. Weizmann,
M. Sulzbacher, and E. Bergmann, J. Am. Chen. Soc., 70,
1153 (1948). B = CI: Ref. (a), (). B = OH: Ref. (bh),
(d), (e), (f). B = OR: Ref. (1), (¢), (), (h). B: = aniline:
Ref. (g).
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Using this apparently general reaction as a basis,
we suggest the following alternative for the initial
steps in the mechanism of Dauben and Vaughan.®

990 L
—_— —_—
N/ CHgCHOHCC]s N/ CH2

1 N
CIZC\O,CH
VIIiI
SO\ Ny
.
Y CH, NS
ClL,C—CH h
0~ 0 OH
IX X

In this sequence I is converted by base into the
ethylene oxide (VIII) and the three-ring of VIII
is cleaved by the nucleophilic attack of the hetero-
cyclic nitrogen to form the betaine (IX), which
undergoes hydrolysis to X, an intermediate in the
Dauben-Vaughan mechanism,® which then reacts
further to form II as proposed by Dauben and
Vaughan.® With respect to the step, IX — X| it
may be noted that the reactions of heterocyclic
compounds with ethylene oxide derivatives have
not been very thoroughly studied; however, it
has been recorded that the two classes of compounds
do react quite readily to give highly colored prod-
ucts with salt-like character.! The hydrolysis of
the dihalogen derivative IX may proceed through
other ethylene oxide intermediates (and may pre-
cede or follow the actual ring opening step).

Inasmuch as the mechanism proposed here in-
volves the interaction of the ethylene oxide moiety
of VIII with a tertiary heterocyclic amine, the
possibility of altering the ratio or nature of the
products in the reaction of I with alkali was ex-
plored by running the reaction in the presence of
a large excess of a competing amine, pyridine.
Under these conditions the usual products, IT and
I1I, were not isolated (although they may have been
present) but a new substance, not previously re-
ported, was obtained in the form of large, purple-
black crystals with a bright metallic luster. For
convenience this substance will be called com-
pound A.

Elementary analyses and ebullioscopiec molecular
weight data indicated the molecular formula of
compound A to be C;H;;N,O. Based on this for-
mula theyield obtained of compound A was 35-58%,.
The compound was fairly stable at room tempera-
ture (in the absence of acids), although over a
period of several years it slowly decomposed into
an intractable black solid and pyridine. Dilute

(8) Other sequences that appear to be equally plausible
for the subsequent changes required to yield II but not in-
volving X per se can be written. However, in the absence of
experimental evidence, intermediate X is a reasonable
compromise.

(9) H. Lohmann, J. prakt. Chem., (2], 153, 57 (1939);

¢f. M. J. Astle and F. J. Donat, J. Org. Chem., 25, 507
(1960).
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mineral acids or acetic acid appeared to accelerate
this decomposition. At 165-170° the compound
decomposed into pyridine and an amorphous
black solid. Further heating of the latter at 330~
340° or distillation of compound A with zine
dust yielded quinaldine plus traces of other sub-
stances that were not identified.

Chloral-2-methylbenzothiazole reacted with py-
ridine and slkali to give compound B, C;H;,N.SO,
which was similar in physical appearance and be-
havior to compound A. Chloral-2-picoline likewise
reacted with pyridine and alkali to give a deep
blue crystalline substance, compound C; however,
this compound was much less stable than the pre-
vious two, completely decomposing at room tem-
perature into pyridine and an amorphous black
substance a short time after its preparation and
isolation.

The preparations of compounds B and C indi-
cate that the benzo ring and the 3- and 4-positions
of the hetero ring probably are not involved in the
formation of these substances. If the easy removal
of the pyridine moiety is taken as indicating that
the pyridine ring is essentially intact in the com-
pounds A, B, and C, then only the fragment C,-
HNO remains unaccounted for in compound A
(eliminating C¢H, for the benzo ring, C.H, for the
3,4-positions of the quinoline ring, and C;HsN for
the pyridine ring).

The infrared spectrum of compound A (in chloro-
form solution) showed no strong absorption in the
carbonyl region; therefore, the lone oxygen atom
probably was not present in a carbonyl group.
In the potassium bromide pellet the spectrum
showed absorption characteristic of the C=C
stretching vibrations of aromatic and hetero-
cyclic compounds in the 1625-1450 cm.~! region
and two bands at 788 and 752 cm.~! characteristic
of two, four, and/or five adjacent hydrogen atoms
on the heteroaromatic ring. 1

All of these data taken together strongly suggest
that the fragment C,HNO exists in a cyclic ar-
rangement and that compound A has the structure

X S
| 7o
N N I]\I =
+N_ O- 0 N+ -0 N+
N = =
XI1 XIII X1v

XI or XII. Both of these substances are enol be-
taines of the 5,6-benzoindolizine ring system.

To confirm this tentative identification and to
distinguish between XI and XII a series of hydro-
genation experiments were carried out. In gen-
eral indolizines are easily hydrogenated over

(10) L. J. Bellamy, The Infrared Specira of Complex
Molecules, Wiley, New York, 1958, p. 277,
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TABLE 1
INFRARED SPECTRA®
Compound Medium?® Frequency, Cm.!
Compound A (XI) KBr 1615m, 1583s, 1500w, 1472s, 1431s, 13928, 1344w, 1213m, 1012m, 788m, 752s
CHCl;  2985m, 1627w, 1615m, 1585s, 1472s, 1393s, 1348w, 1005s
XV KBr 29401, 1671s, 1602w, 1498m, 1492w, 1397m, 1315m, 755s
CHClL, 3670w, 2910m, 2840w, 1694s, 1608m, 1495w, 1400w, 1371m, 1347w, 1323m
XV-HCI KBr 2930m, 2600-2400m, 1695s, 1607w, 1587w, 1500s, 1463m, 1400s, 1327s, 760s, 7728
XVl KBr 2942w, 1682s, 1601m, 1494s, 1458m, 1393s, 1372s, 1325s, 1286m, 1227m, 763s
CHCl; 2915w, 1688sh, 1680s, 1586w, 1463w, 1395m, 1374m, 1324m
XVII CHCl;  1684s, 1600s, 1485w, 1395s, 1303s
XVIII CHCl, 2940m, 1695s, 1605s, 1495s, 1403m, 1308s
XI1X KBr 2960vw, 1730s, 1647s, 1597m, 1576s, 1350m, 1285s, 837s, 762m
CHCl;  1728s, 1638s, 1597s-1575s, 1366m, 1300m, 1150m
XX KBr 3360bw, 1676s, 1607w, 1502m, 1410m, 761m
CHCl;  3540bw, 3350w, 2920w, 1702sh, 1688s, 1608w, 1590w, 1495w, 1405m, 1376m, 1313m
XXI KBr 3400s, 2910m, 1710s-1725s, 1614s, 1590m, 1500s, 1320s, 1289s, 1210s, 747s
CHCl;  3510m, 3390m, 2920w, 1729s, 1612s, 1593m, 1482m, 1360m, 1315bs

¢ Run using Perkin-Elmer Model 21 recording spectrophotometer and a sodium chloride prism. ? Concentration of chloro-

form solution was 5 mg./ml.

platinum or palladium catalysts, most effectively
in acid solution; however, the acid hydrolysis
of compound A (vide infra) prevented this reduction
in acetic acid (in which three moles of hydrogen were
absorbed and piperidine plus amorphous material
were formed), and the pyridine moiety appeared
to poison these catalysts in neutral or basic media.
However, a suspension of compound A in ethanol
was rapidly hydrogenated over Raney nickel, five
moles of hydrogen being absorbed. To the colorless
product, C;sHzN»O, which was obtained in 63%
vield, has been assigned the structure XV, which
was established as follows.

Under similar conditions IIIb took up three
moles of hydrogen and gave a 339, yield of 3,3a,-
4.5 - tetrahydropyrrolo[1,2 - a]quinoline - 1{2H)one
(XVI). The infrared spectra of XV and XVI

2 O O Oy

0 N 0 0 0 N

O XVI XVII O
XVIII

XV
were quite similar, differing only in detail in the
potassium bromide pellet. There was no absorp-
tion in the »(N—H) region, indicating that cyeli-
zation had occurred. The »(C==0) absorption for
XV appeared at 1694 cm. ! (chloroform) and for
XVI at 1680 cm. ! (chloroform). These values were
compatible with -those expected for N-phenyl-
substituted, saturated five-membered ring lactams
(Table I). Thus, for example, the »(C=O0) fre-
quency of N-phenyl-2-pyrrolidone (XVII) was
found to be 1684 cm.—! (chloroform). Through
comparison of these values with that for N-
mcthylacetanilide [»(C=0) 1646 cm.—! (chloro-
form) ]! it may be seen that there is a frequency-

(11) H. E. Baumgarten, P. L. Creger, and R. L. Zey,
J. Am. Chem. Soc., 82, 3977 (1960).

raising effect in the present series, presumably
caused by the five-membered ring. In terms of the
observation made earlier,!! the combined results
of frequency raising due to the five-membered
ring and of frequency lowering due to alkyl substi-
tution on the nitrogen of the acetanilide moiety
[acetanilide, »(C=0) 1686 cm.~! (CHCL)] ap-
pear to lead to a mear cancellation of effects so
that only a very slight depression in frequency is
observed in comparing XV and XVII with acetani-
lide. The somewhat higher frequency observed for
XVI may be attributed to the electron-withdrawing
inductive effect of the a-piperidino group. Similar
frequency-raising effects were found in the spectra
of N-phenyl-3-(1-piperidino)-2-pyrrolidone XVIII
[#»(C=0) 1695 cm.~! (chloroform)] and of 2-
hydroxy - 3,3a,4,5 - tetrahydropyrrolo[1,2 - a]quino-
line-1{(2H)one (XX) [»(C=0) 1688 e¢m.~! (chloro-
form)], although in the latter instance the effect
was small, perhaps because of hydrogen bonding.

If compound A had had the structure XII, its
hydrogenation product would have been a cyclic
a-amino ketone, a typical example of which, benzo-
[c]-7-keto-1-azabicyclo[4.3.0lnonane, is reported
by Leonard, Swann, and Fuller'? to show a much
higher »(C=0) absorption at 1754 e¢m.~! (chloro-
form),

While these results appear to confirm the posi-
tion of the carbonyl group in XV (and of the enolate
oxygen anion in XI), they do not establish the posi-
tion of attachment of the piperidine (or pyridine)
unit which could be a- or 8- to the carbonyl (or
enolate) carbon atom. To establish the a-attach-
ment XV was synthesized from ethyl 5-(2-quinolyl)-
pyruvate (XIX). An attempt was made to synthe-
size XV in one step by the combined hydrogenation
of the pyridine ring, reductive ammination of the
keto carbonyl group with piperidine, and closure
of the five-membered ring. The actual product in

(12) N. J. Leonard, S. Swann, Jr., and G. Fuller, J. 4m.
Chem. Soc., 76, 3193 (1954).
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21-37% yield, however, was 2-hydroxy-3,3a,4,5-
tetrahydropyrrolo(1,2-a]quinoline-1(2H)one (XX},
as established by its analysis and infrared spectrum.
Interestingly enough XX was not formed in the
absence of piperidine, under ‘which conditions the
most readily isolated produect (in 259 yield) was
ethyl a-hydroxy-8-[2-(1,2,3,4-tetrahydroquinolyl) -
propionate (XXI) (as indicated by analysis and
infrared spectrum). Cyclization of XXTI gave XX,
but in only 179, yield. Reduction of the potassium
enolate of XIX gave XX in 109 yield.

X
@cm COCO,C.H,

XIX |
H;, N, l H;, Ny 1piperidine
@CHzCHOHCOchHﬁ
H
XXI 1.PBrj
XV 2. piperidine O OH
XX

Reaction of XX with phosphorus tribromide
followed by treatment with piperidine gave XV in
789, yield. Although «-halo esters (and, thereby,
presumably, o-halo lactams) are known to react
at elevated temperatures'® with amines to give both
a- and B-amino amides, usually the reaction at low
temperatures gives the «-amino derivative. In
the present instance no other product (other than
piperidine hydrobromide) was isolated. Thus,
although this result is not entirely unambiguous,
it appears to be reasonable evidence in favor of
structure XV and, hence, of XI. By analogy com-
pounds B and C would have structures XIII and
X1V, respectively.

Hydrogenation and desulfurization of compound
B gave a compound, Ci:HyN,O, to which was as-
signed the structure, N-phenyl-3-(1-piperidino)-
2-pyrrolidone (XVIII), by analysis, infrared spec-
trum, and analogy to the foregoing.

From the structure of compound A and the
mechanistic premise on which this work was based,
a reasonable mechanism for the formation of XI
can be offered. Intermediate IX (vide supra) forms

\ A N

+II\I C'Hz -c- +N CH: ¢ H,N
Cl-C——CH Cl-C—CH
& o- 0
IX XXII
\ )\C
+Iﬁ IHZ (OHy~
Cl-G—cH  -He, w7 Xl
-6 N
‘ AN
J
XXIII

(13) Cf. Ref. 7h.
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TABLE II

ULTRAVIOLET SPECTRA®

Bands, mu (16g €)

Compound Solvent? Maxima Minima
Compound A CHCl; 242 (4.15) 263 (0.00)
(XI) 289 (3.65) 314 (2.70)
344 (3.65) 356 (3.55)
572 (4.07)
6N HCI 242 (4.61) 224 (3.81)
260sh (3.70) 287 (3.31)
320(3.48) ’
5,6-Benzoindo-  95% C.H;OH 227(3.61) 338(2.90)
lizine® 243 (2.96) 246 (2.94)
251 (2.97) 262(2.65)
265(2.65) 273 (2.49)
278 (2.69) 290 (2.70)
350 (2.48)
6N HCI 210(4.33) 213 (4.29)
215(4.30) 230(3.94)
255(4.26) 259 (4.23)
263 (4.36) 274 (2.85)
341(3.97) 349 (4.04)
354 (5.02)
IITb 6N HCI 264 (3.71) 230 (2.92)
338 (3.40) 289 (2.30)
Quinaldinc and 6N HCl 239 (4.24) 254(3.11)
pyridine? 257sh (3.50) 272(2.47)
318(2.93)
Pyridine 6N HCI 254 (3.72)

¢ Run using Cary model 11 recording spectrophotometer.
b Concentrations varied between 1073 and 10-M. ¢ E. M.
Roberts, M. Gates, and V. Boekelheide, J. Org. Chem., 20,
1443 (1955). ¢ Equimolar mixture.

the epoxide (XXII) which reacts with pyridine to
form XXIII. Dehydrohalogenation and, at some
point in the sequence, base-catalyzed removal of
the hydrogen at the 4-position of the incipient
pytrole ring® complete the required changes.
Weizmann, Sulzbacher, and Bergmann™ have
shown why in the sequence IV—>V—VI—VII the
intermediacy of the epoxide VI appears to be re-
quired. A similar argument can be employed to
justify the intermediacy of VII and/or XXII in
the reaction of I with pyridine and alkali. It ap-
pears feasible that VIII or XXII may also be in-
volved in the reaction of I with alkali that forms
11, for, although it is not required that the two
reactions of I be related, it would appear to be
more reasonable that they are than that they are
not. However, for these reactions a number of

‘mechanisms, differing only in detail, can be based

on the formation of VII and/or XXII. The se-
quences cited here (I — VIII — IX — X and IX
— XXII — XXIII — XI) represent an arbitrary
but reasonable choice from the various possibilities
and it is not suggested that the exact details of
these sequences arc demanded by the available
evidence.

The deep colors of the compounds A, B, and C are
not unreasonable in view of the long conjugated
systems involved. Many of the known enol be-
taines!® are highly colored even though they in-

(14) F. Krohnke, Ber., 68B, 1177 (1U33).
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volve much shorter conjugated systems. Compounds
of similar eolor were formed from the reaction of
chloralquinaldine with a variety of tertiary hetero-
¢yclic amines, but for the most part these were not
readily isolated. The compound from chloral 2-
methylcinchoninie acid was prepared and char-
acterized but not examined further. Attempts to
prepare similar colored compounds from chlor-
alquinaldine and saturated tertiary amines (such
as tricthylamine and dimethylaniline) were not
successful. Piperidine gave small yields of a mixture
of products. ‘

Although compound A reacted with dilute
mineral acids and glacial acetic acid to form the
black, intractable solid mentioned above (the struc-
ture of which is still under study), compound A
reacted with concentrated hydrochloric acid in a
fairly well defined manner. When solutions of the
compound in the concentrated acid were diluted
and made alkaline with sodium hydroxide and then
just ncutralized, IITb was isolated in 669, yield.
However, the ultraviolet spectrum (Table II) of
the original strongly acidic solution indicated that
IITh had not yet formed at this stage of the se-
quence (absence of the strong band at 338 mu and
the presence of the strong band at 242 my). Indeed,
the ultraviolet spectrum resembled eclosely the
spectrum of an equimolar mixture of pyridine and
quinaldine in aeid of comparable strength. Tor
this reaction we suggest the following mechanism.

H
\ \ \
X + X + =
N HY N H} +N H —
0

NC;Hs OH IEC5H5 OH licﬁHs

+
XI XXVI XXVII

H
CsHN
N P OH™
~N7 \CHZCIHCOZH = IJI“I
+NCsHs
XXIX

\
=
+N Igl H,0

0O IiCsHs
XXVIII

Compound A (XI) first adds a proton to the
oxygen atom to form XXVI. As indolizines have
been shown by Lowe and King' to protonate pref-
crentially at the 1- or 3-position to give carbonium
ions which are converted (by a shift of electrons)
to a resonance-stabilized pyridinium ion conju-
gated with an olefinic bond, it appears reasonable
that the next step in the present sequence is the
protonation at the 3-position of the indolizine
moiety to formi XXVII, which is in keto-enol
equilibrium with XXVIII. Hydrolysis of the lac-
tam ring forms XXIX. During the neutralization
with base the pyridinium group is eliminated from
XXIX to form IIT. On the basis of the present
evidence it is also possible that the pyridinium

(15) O. G. Lowe and L. C. King, J. Org. Chem., 24, 1200
(1959).
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group is removed carlier in the sequence through
nucleophilic displacement by chloride ion so that
the product just before neutralization with base
could have & ¢hloro group in place of the pyridinium
group. The ultraviolet spectrum of cither of these
possibilities probably would resemble that of the
mixture of pyridine and quinaldine in acid.'®

EXPERIMENTALY

Compound 1 (XI). (a) Preparation. Preparation of small
amounts of the compound proved to be the most successful.
To a solution of 5 g. (0.017 mole) of chloralquinaldine!® in
20 ml. (0.625 mole) of pyridine, warmed on the steam bath,
was added & warm solution of 10 g. (0.179 mole) of potas-
sium hydroxide in 100 ml. of water. The reaction mixture
was shaken vigorously, heated until boiling began, allowed
to cool slowly to room temperature, and then chilled over-
night. Filtration of the solution yielded 2.4-2.6 g. (53-589)
of compound A in the form of dark purple needles, de-
composing at 165-170° (Kofler hot stage). This product,
with no further purification, gave the following analysis.

Anal. Caled. for CH:N,O: C, 78.44; H, 4.65; N, 10.76.
Found: C, 78.46; H, 4.78; N, 10.10.

Extraction of the filtrate from the reaction mixture with
chloroform and addition of petroleum ether failed to yield
3 detectable amount of compound A although the chloro-
form solution took on a bright purple color. Evaporation of
the chloroform yielded only a black, insoluble residue and
pyridine.

Other experiments gave yields of 35-54%, of compound
A with starting quantities of chloralquinaldine varying from
100 mg. to 100 g. No reaction occurred when potassium
carbonate was substituted for potassium hydroxide.

Compound A was essentially insoluble in water, 5%,
sodium hydroxide solution, carbon tetrachloride, ethyl
ether, Skellysolves B and C,*® and petroleum ether (b.p.
30-60°). It was soluble in pyridine but only slightly soluble
(less than 5 mg./ml.) in tetrahydrofuran, benzene, acetone,
mcthanol, ethanol, dioxane, ethyl and methyl acetates, and
Methyl Cellosolve. It was soluble in chloroform to the extent
of 10 mg./ml. and could be purified by dissolution in chloro-
form and precipitation with petroleum ether.

For most purposes the compound prepared as above was
sufficiently pure, and, indeed, further purification tended
to cause some decomposition. For analysis the compound
was purified by extraction (Soxhlet) with acetone or by
recrystallization from benzene. The extraction process
gave best results when carried out in the absence of air and
as rapidly as possible. The recrystallization from benzene
was carried out by heating 1-2 g. of the crude substance to
boiling with 200 ml. of dry benzene, filtering the hot solu-
tion quickly, and immediately chilling the filtrate in ice.
About 0.2 g. of small purple-black needles with a metallic
luster were obtained.

Anal. Caled. for CH,N,0: C, 78.44; H, 4.65; N, 10.76.
Found: C, 78.54, 78.10, 79.04; H, 4.80, 4.67, 4.54; N, 10.85,
10.27,10.19.

The molecular weight of compound A could not be deter-
mined by the Rast method, but with due care ebullioscopic
molecular weights were determined by the Menzies-Wright

(18) The data in Table II do not afford as striking a
comparison of the similarities in spectra as does comparison
of the curves themselves.

(17) Melting points are corrected. Analyses are by Clarke
Microanalytical Laboratory, Urbana, Ill.,, and Micro-Tech
Laboratories, Skokie, I11,

(18) A. A. Alberts and G. B. Bachman, J. Am. Chem. Soc.,
57,1284 (1935).

(19) Hydrocarbon solvents, b.p. 60-69° and 88-98°,
respectivelv.
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procedure with acctone or benzene as solvent. From seven
determinations the molecular weight was found to be
262 == 7, caled. 260.29.

The compound was fairly stable (in the absence of acids)
at room temperature. Samples wre kept in covered Petri
dishes for several months without noticeable decomposition,
i.e., change of the purple-black crystals to a dull black
amorphous powder with total loss of luster accompanied
by evolution of pyridine. One sample was kept for 2 years
with only traces of decomposition (indicated by’ the odor
of pyridine detectable when the container was unstoppered)
but had decomposed completely (although in this instance
without loss of luster) after nine years. Attempts to dye
strips of cotton with solutions of the compound failed, for
the color rapidly faded when exposed to the air.

(b) Reaction with acids. Dilute mineral and organic acids
decomposed the compound into a black, intractable amor-
phous solid. A 1-g. (0.004-mole) portion of compound A was
added to 100 ml. of 109, acetic acid and the suspension was
heated for 0.5 hr. on the steam bath. The solution was fil-
tered and a dark, amorphous solid was collected. The solid
was washed three times with water, boiled with 50 ml. por-
tions of chloroform, acetone, ethanol, and finally washed
three times with hot chloroform. The resulting black solid
was air dried.

Angl. Found: C, 66.56; H, 3.97; N, 6.75; Ash, 4.05.

The analyst reported that the compound could not be
completely oxidized at temperatures up to 850-900°. The
infrared spectrum of the solid in potassium bromide showed
a band in the »(C==0) region at 1690 cm. !

Concentrated mineral acids solubilized compound A im-
mediately with the evolution of heat. A 2.6-g. (0.0l-mole)
portion of compound A was added to 25 ml. of concd.
hydrochloric acid; 75 ml. of water was added and the solu-
tion was filtered to remove a black tarry residuc (0.2 g.).
The filtrate was neutralized with 109, sodium hydroxide
solution and then made just acidic with 59, hydrochloric
acid. Filtration of the acidic mixture gave 1.25 g. (75%)
of a gray solid, m.p. 185°. Recrystallization from 50 ml. of
methanol and decolorization with 1 g. of Norit yielded 1.11
g. (66%) of B-(2-quinolyDacrylic acid, m.p. 194.5-106°
(1it.’8 m.p. 195-196°), which was identified by its amide,
m.p. 175-177°(lit.!8 m.p. 176-177°), mixture melting point
and infrared spectium.

Attempts to acetylatc compound A with acetic anhydride
or with acetyl chloride in triethylamine resulted in the same
decomposition observed with dilute acids.

(¢) Thermal decomposition. A b-g. sample of compound A
was decomposed by heating in a small distilling flask. In
the range 175-180° a volatile liquid was rapidly evolved.
This liquid was purified by redistillation (b.p. 114-116°)
and converted into the picrate, m.p. 164.5-165.5°, and the
chloroplatinate, m.p. 243-246°. The reported melting points
for the corresponding derivatives of pyridine are 163-165°
and 240-242°.20 Further heating of the black residue left
in the flask resulted in a second decomposition when the
temperature of the mass was 330-340° and yielded a small
amount of liquid product, which gave a picrate, m.p. 189~
191°, mixture m.p. with quinaldine picrate 189-191°,

A 3-g. sample of compound A was mixed and ground with
5 g. of zinc dust and the mixture was heated slowly over a
open flame in the usual manner for about 20 min. The oil
which distilled into the receiver had a strong odor of pyri-
dine, which was removed by passing air over the solution
for 30 min. The oil was dissolved in 109, hydrochloric acid,
and the solution was warmed, filtered, made basic with so-
dium carbonate, and steam distilled. The steam distillate
was extracted with ether, giving a solution with a pale blue
fluorescence. Iivaporation of the dried (magnesium sul-
fate) solution gave a small amount of dark brown oil. The
infrared spectrum of the oil in chloroform showed the same

(20) 8. P. Mulliken, Identtfication of Pure Organic Com-
pounds, Vol. 111, Wiley, New York, 1916, p. 136.
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major peaks as an authentic sample of quinaldine; however,
the spectrum of the former contained additional bands not
found in the quinaldine spectrumn, including a strong car-
bonyl band at 1730 em.—! Because of the low over-all yicld
the mixture was not examined further.

(d) Ozidation. A 2.6-g. (0.01-mole) portion of compound
A was added to 20 ml. of 309 hydrogen peroxide. The solu-
tion was heated gently with stirring. At 65° a vigorous reac-
tion took place with the evolution of pyridine. After the
reaction subsided, the mixture was filtered to yield a dark
brown solid and a light orange solution. Catalytic amounts
of lead monooxide (PbO) and 10 ml. of ethanol were added
to the filtrate, and the solution was heated on the steam
bath until the exccss hydrogen peroxide was decomposed.
The ethanol was evaporated under reduced pressure and
the resulting solid was recrystallized from absolute metha-
nol. The crude solid obtained melted at 170-180°. It wus
soluble in dilute bases, from which it was precipitated by
acids. The infrared spectrum of this compound in potassium
bromide indicated 1t to be largely quinaldinic acid N-oxide
(lit.2! m.p. 171°). The dark brown solid obtained from the
reaction mixture was soluble in dilute sodium hydroxide
from which it was precipituted by acid. The resulting solid
was added to 50 ml. of hot methanol and the solution was
filtered. A brown residue remained which decomposed at
235-240°. Concentration of the methanolic solution and
cooling yielded an orange solid, m.p. 215-220°. The latter
two products have not been examined further.

(e) Hydrogenation. Attempted hydrogenation using plati-
num oxide in the presence of hydrogen in chloroform, etha-
nol, or 109 hydrochloric acid resulted in the decomposition
of compound A with no uptake of hydrogen. Hydrogenation
in glacial acetic acid solution resulted in decomposition also
but with the uptake of 3 moles of hydrogen and the forma-
tion of piperidine, identified through it benzenesulfonamide,
m.p. and mixture m.p. 92-93°.

Two grams (0.008 mole) of compound A was added to a
mixture of 100 ml. of 959 ethanol and 5 teaspoonfuls of
W-2 Rancy nickel, and the mixture was hydrogenated at
45 p.s.i.g. Approximately 0.046 mole of hydrogen wus
taken up immediately and shaking for 20 min. did not result
in further absorption of hydrogen. The resulting solution
had lost the initial purple color and the ethanol solution re-
maining after removal of the Raney nickel was colorless.
Evaporation of the ethanol under reduced pressure left 1.5
g. of white solid, m.p. 121-124°. Recrystallization of the
solid from Skellysolve B!? yielded 1.3 g. (63%) of white
needles, m.p. 129.5-131°, of 2-(l-piperidino)-3,3a,4,5-
tetrahiydropyrrolo[1,2a]quinoline-1{2H)one. The compound
failed to give a derivative with 2,4-dinitrophenylhydrazine,

Anal. Caled. for CuHpN:0: C, 75.52; H, 8.20; N, 10.36.
Found: C, 75.63; H, 8.35; N, 10.51.

One gram (0.038 mole) of compound A in 200 ml of
cthanol was hydrogenated with 2 teaspoonfuls of W-2 Raney
nickel at atmospheric pressure in a quantitative hydrogen:-
tion apparatus. The measured hydrogen uptake wag 5.1 = 0.1
moles in 2 hr., after which time no further uptake wus
noted. Treatment of the reaction mixture as deseribed above
gave 0.6 g. (59%) of the same product.

In two experiments the solid residue remaining after the
evaporation of the ethanol was dissolved in ether, and the
solution was filtered and then saturated with dry hydrogen
chloride, giving 1.90-1.95 g. (81-83%,) of the hydrochloride
of 2-(1-piperidine)-3,3a,4,5-tetrahydropyrrolo{1,24] - quino-
line-1(2H)one, subliming at 210-220°. For analysis a small
sumple was reerystallized from the minimum amount of
cthanol, but for routine purification the product was pre-
cipitated from cthanol solution with dry ether.

Anal. Caled. for CiHuN,OCL: C, 66.54; H, 7.57; N, 9.13.
TFound: C, 66.39; H, 7.57; N, 9.12.

(21) G. Heller and A. Sourlis, Der., 41, 2692 (1908).



MaY 1061

Compound B. (0) DPreparation. The procedure of Ettel,
Weichet, and Chyba?? for the preparation of chloral-2-
methylbenzothiazole was modificd to improve on the re-
ported yield of 319,. A mixture of 45 g. (0.30 mole) of 2-
methylbenzothiazole and 45 g. (0.30 mole) of chloral was
heated under reflux with stirring at 110-115° (bath tem-
perature) for 4 hr. To the cooled mixture was added 60 ml.
of cthanol, 30 ml. of coned. hydrochlori¢ acid, and 120 ml.
of water. The resultant mass was shaken vigorously until
the product solidified. The crude product was dissolved in
500 ml of absolute ethanol and decolorized with three 5-g.
portions of activated charcoal. The ethanolic solution was
heated on the steam bath and hot water was added slowly
to the point at which precipitation began. On cooling 85.5
g. (95%) of pale straw-colored crystals were obtained, m.p.
119-112°, which were pure enough for most purposes. Re-
crystallization of this product from dilute ethanol gave
white leaflets, m.p. 125.5-126° (lit.22 m.p. 126-127°). In
other experiments the yields were 60-959%.

To a warm solution of 29.6 g. (0.1 mole) of chloral-2-
methylbenzothiazole in 25 ml. of pyridine was added a solu-
tion of 39 g. (0.6 mole) of potassium hydroxide in 200 ml.
of water. The resultant mixture was heated on the steam
bath and shaken vigorously until boiling began. The flask
was removed from the steum bath and, as soon as boiling
had subsided, was cooled, then chilled in ice. The product
was colleeted by suction filtration as fine purple-black
crystals with a bright metallic luster. The yield varied from
6.0 to 9.5 g. (23-36%) of crude compound B. Variation in
the amount of pyridine used from 25 to 75 ml. made no
difference in the yield. The conditions for this reaction were
more critical than for the similar reaction with chloral-
quinaldine, for compound B appeared to decompose when
heated for long periods with agueous alkali. The crude com-
pound was purified by extraction with acetone.

Anal. Caled. for C]sf{]oNg()sl C, 0765, H, 379, N, 10.52.
Found: C, 67.35; H, 4.09; N, 10.39. ‘

Compound B showed the same solubility characteristics
as compound A and the same sensitivity to acids. Attempts
to melt this compound also resulted in decomposition at
about 175-180° with the liberation of pyridine and the
formation of an amorphous, brown to black solid.

() Hydrogenation and desulfurization. Two grams (0.007
mole) of compound B was suspended in 100 ml. of 209 so-
dium hydroxide solution and 20 g. of Ranecy nickel alloy
was added slowly over a period of 2 hr. with constant stir-
ring. The temperature was maintained below 10° during this
period. The solution was allowed to come to room tempera-
ture with stirring. The reaction mixture was then heated on
the steam bath until hydrogen evolution cecased (ca. 1.5
hr.). The nixture was cocled and washed three times with
300-mi. portions of water. The mixture of Raney nickel and
organic product was added to 250 nil. of 95% ethanol and
the resultant slurry was heated and stirred under reflux for
3 br., during which time the color of the solution changed
from deep purple to colorless. The reaction mixture was
allowed to stand for 2 days and the Rancy nickel was filtered
off. The aleohol was removed under reduced pressure and the
resultant, two-phuse liquid system was extracted with an
ether-water (1:1) mixture, the bulk of the organic material
going into the cther layer. Evaporation of the cther left a
nearly colorless oil, which was dissolved in the minimum
amount (25 mi.) of Skellysolve B.1® Cooling of this solution
and filtration yielded 0.53 g. (319) of a white solid, m.p.
55-62°. Recrystullization of this solid from 20 ml. of Skelly-
solve BY gave 0.44 g. (26%,) of N-phenyl-3-(1-piperidino)-
2-pyrrolidone, m.p. 78-80°.

Anal. Caled. for CllyNO: C, 73.73; 1, 8.25; N, 11.47.
Found: C, 73.59; 11, 8.08: N, 11.35.

Reactions of chloralquinaldine with other nilrogenous bases
in alkali. Two-gram portions of chlorulquinaldine were

(22) V. Lttel, J. Weichet, and O. Chyba, Collection
Czechoslov. Chem. Communs., 15, 528 (1950).
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added to 20 ml. each of quinaldine, quinoline and 2-picoline
and the mixtures were warmed on the steam bath. To each
mixture was added 100 ml. of 10% potassium hydroxide
solution. A dark purple color formed immediately, but no
solid products were obtained from these reaction mixtures,
only dark, intractable oils.

To warmed solutions of 5 g. of nicotinic acid and of
nicotinamide in 20 ml. of ethanol were added 2-g. portions
of chloralquinaldine. To each mixture was added 100 ml. of
109 potassium hydroxide solution. A dark purple color
formed immediately but only small amounts of solid mate-
rials could be separated from these mixtures and these solids
were Dlack, insoluble materials which were not examined
further.

A solution of 5 g. of chloralquinaldine in 20 ml. of di-
methylaniline was warmed and 100 ml. of 109, potassium
hydroxide solution was added. Vigorous hoiling occurred
with no dark coloration. From the reaction mixture 4.4 g.
of the starting material was recovered and no other solid
product was obtained. Similar results were obtained with
triethylamine. With piperidine a small amount of blue-
green solid was formed in some experiments and little visible
reaction occurred in others.

Chloral-2,3-dimethylquinoline® gave a purple-black solid
similar to compound A when heated with pyridine and
alkali and the crude addition product from 2,3-dimethyl-
quinoline-4-carboxylic acid gave a dark purple solution, but
these materials were not examined further. Chloral-2-
aminopyridine?® reacted with pyridine and alkaline to give
a red solution but no solid product was obtained.

Reduction of ethyl B-(2-quinolyl) pyruvate. (a) In the presence
of piperidine. To a suspension of 5 teaspoonfuls of W-2
Raney nickel in 100 ml. of absolute ethanol was added 1 g.
(0.004 mole) of ethyl g-(2-quinolyl)pyruvate?t and 0.69 g.
(0.008 mole) of piperidine, and the mixture was hydro-
genated at 45 p.s.i.g. for 2 hr. The solution was filtered and
the solvent was removed from the filtrate under reduced
pressure. The dark yellow oil remaining was heated under
reflux with 200 ml. of Skellysolve B!? for 20 min. The solvent
was decanted from the insoluble oil, cooled, and filtered,
giving a white solid, m.p. 138-140°. Recrystallization of
this solid from Skellysolve B!? yielded 0.16 g. (21%) of 2-
hydroxy-3,3a,4,5-tetrahydropyrrolo-[1,2-a] quinoline-1(2H)-
one as white needles, m.p. 140-141°.

Anal. Caled. for CHi3NO.: C, 70.91; H, 6.45; N, 6.89.
Found: C, 71.08; H, 6.56; N, 6.50.

Hydrogenation in the presence of an equimolar amount
of piperidine gave a 379, yicld of the product, but hydro-
genation in the presence of small amounts of ethanolic so-
dium hydroxide gave only traces of the desired product plus
a yellow oil that did not crystallize.

(b) In the absence of added base. A suspension of 2 tea-
spoonfuls of W-2 Rancy nickel in a solution of 5 g of ethyl
B-(2-quinolyl)pyruvate in 100 ml of absolute ethanol was
hydrogenated at 45 p.s.ig. for 2 hr. The hydrogen uptake
was ca. 0.058 mole. The solution was filtered and the solvent
removed from the filtrate by evaporation. The yellow il
remaining was not soluble in hot Skellysolve B.1® Addition
of cold ether to the oil initiated solidification of a waxy
material. Several treatments of this solid with cold ether
yielded 1.3 g. (259,) of white crystals, m.p. 67-69°. Two
recrystallizations from anhydrous ether guve an analytitad
sample of ethyl e-hydroxy-g-[2-(1,2,3,4-tetrahydroquino-
lyl)]propionate, m.p. 68.5-69°.

Anal. Caled. for CuHeNOs: C, 67.44; H, 7.68; N, 5.62.
Found: C, 67.05; H, 7.41; N, 5.50.

A suspension of 0.7 g. (0.0028 mole) of the ester in 30
ml of 109 sodium hydroxide solution was warmed on the
steam bath for 15 min, during which time the ester dix-
solved. The solution was cooled and neutralized with 259,

(23) L. Schmid and B. Becker, Monatsh., 46, 675 (1925).
(24) N. J. Leonard and J. H. Boyer, J. Am. Chem. Soc.,
72,2980 (1950).
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acetic acid solution. Extraction of the solution with 50 ml.
of warm Skellysolve I3!? and evaporation of the solvent gave
0.1 g (17%) of 2-hydroxy-3,3a,4,5-tetrahydropyrrolo[1,2-
a]quinoline-1(2H)one, m.p. 137-139°, whose infrared spec-
trum was essentially identical with that of the compound
deseribed in part (a) of this section.

(¢) Reduction of the potassium enolate. Following a pro-
cedure similar to that described in (b) 3 g. of the potassium
enolate of the ester?® was hydrogenated in absolute ethanol.
The yellow oil that remained after removal of the solvent
was taken up in a small amount of ethanol aud acidified
with dilute acetic acid. Evaporation of the solvent left a
brown solid, from which extraction with Skellysolve B¢
(Soxhlet) gave 0.5 g. (109) of 2-hydroxy-3,3a,4,5-tetra-
hydropyrrolo[1,2-a}quinoline-1(2H)one, m.p, 139-140°,

3,3a,4,5-Telrahydropyrrolof1,2-alquinoline-1{2H one
(XIX). A mixture of 0.64 g. (0.003 mole) of g-(2-quinolyl)-
acrylic acid and 5 teaspoons of W-2 Raney nickel in 125
ml. of ethanol was hydrogenated at atmospheric pressure
in a quantitative hydrogenation apparatus. The total up-
take was 2.8 moles =+ 0.3 mole of hydrogen and required
3.5 hr. The resulting solution was filtered and the ethanol
wuas removed under reduced pressure. The resulting yellow
oil was taken up in 50 ml. of hot Skellysolve B.** The solu-
tion was decanted from a dark yellow insoluble oil und cooled.
Filtration of the chilled solution gave ea. 0.3 g. of white
erystals, m.p. 105-107°. Reerystallization of this solid from
25 ml. of Skellysolve B gave 0.2 g. (339,) of white crystals,
m.p. 109-111° (1it.2> m.p. 115-116°) of 3,3a,4,5-tetrahydro-
pyrrolo[1,2-a]quinoline-1(2H)one. Further reerystallization
gave no change in melting point.
2-Piperidino-3,3a,4,6-tetrahydropyrrolol1,2-alquinoline-
1{(2H0one (XVII). To a chilled solution of 0.35 g. (1.67
mmoles)  of  2-hydroxy-3,3:,4,5-tetrahydropyrrolo|1,2-a]-
quinoline-1(2H)one in 10 ml. of anhydrous benzene was
added 0.224 g, (0.826 mmole) of phosphorus tribromide in
5 ml. of anhydrous benzene. The mixture was stirred at 0-5°
for 2 hr. (protected from moisture), was allowed to come to
room temperature and was stirred for 1 hr. at 60 mm. pres-
sure and for 1 hr. at 20 mm. pressure to remove most of the
excess phosphorus tribromide. The benzeue layer was de-
canted from the white and yellow solids adhering to the walls
of the flask. (These solids were taken up in water and ex-
tracted with ether, from which 10-20 mg. of a yellow solid
appearing to be unchanged starting material wus obtained.
The aqueous layer contained no organic material.) The
benzene solution was added to a solution of 0.349 g. (4.1
mmoles) of piperidine in 5 ml of anhydrous beazene. The
solution was heated under reflux for 2 hr., cooled, and fil-
tered, giving 0.17 g. (859%) of piperidine hydrobromide,
m.p. 236°. The benzene solution was treated with dry
hydrogen chloride, forming a white solid. {Excess hydrogen
chloride caused redissolution of the solid, but boiling the
benzene solution to drive off the excess hydrogen chloride
caused it to reprecipitate.) The solution was cooled and
filtered, yielding 0.385 g. of white solid, m.p. 196-201°, whose
infrared spectrum indicated it to be a mixture of piperidine
hydrobromide and the expected product. Chilling the
mother liquor overnight followed by concentration produced
additional crops of 0.09 und 0.11 g. of product which sub-
limed at 210-220° und whose infrared spectrum was identi-
cal with that of the hydrochloride of the hydrogenation
product of eompound A. Reerystallization of the product
from benzene gave 0.35 g. (789,) of the hydrochloride of 2-
piperidino-3,4a,4,5-tetrahydropyrrolo[1,2-a]quinoline-1(2H -
one, subliming at 220°, and having au infrared spectrum
ideutical with that of the hydrochloride of the hydrogeaa-
tion procuct of compound A.

A 0.185-g. sample of the crude hydrochloride (before re-
moval of the piperidine hydrochloride) was dissolved in 3
ml. of water, and the solution was filtered and made slightly
alkaline with dilute sodium hydroxide solution. The white

(25) W. Koenigs, Ber.. 33, 218 (1900).
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precipitate that formmed was washed twice with 5 ml. of
water and dried, m.p. 126-127°. Recrystallization of this
solid from Skellysolve B gave 10 mg. of produet, m.p. 129-
131°, whose infrared spectrum was identical with that of 2-
piperidino-3,3a,4,5-tetrahydropyrrolo[1,2-a]quinoline-1(2H)-
one prepared from the hydrogenation of compound A.

Compound C (XVI). Chloral-2-picoline was prepared in
689 yicld by the procedure of Tullock and McElvain.?® To
a solution of 24.0 g. (0.10 mole) of chloral-2-picoline in 30
ml. of pyridine was added a solution. of 39 g. (0.6 mole) of
potassium hydroxide in 200 ml. of water. The mixture was
heated on the steam bath and shaken vigorously until boil-
ing began, the flask was removed and, as soon as boiling
subsided, was cooled then chilled in iece. Filtration of the
product gave 5.5-11.2 g. (26-529,) of compound C as deep
blue needles.

Compound C was much less stable than compounds A
and B. Attempts to purify the crystals for analysis resulted
only in decomposition. This compound, while showing the
general solubility characteristics of the others, was more
soluble in water. Crude compound C which became slightly
moist decomposed within an hour after preparation, but
attempts to dry the compound in the vacuum desiceator
(over phosphorus pentoxide or in the absence of a desiceant)
resulted in the rapid removal of pyridine.

Chloral-2-methyleinchoninic acid. A mixture of 70 g. (0.375
mole) of 2-methyleinchouninic aeid, 60 g. (0.41 mole) of
shloral, and 120 ml. of pyridine was heated on the steam
bath for 2 hr. and poured into 500 ml. of cold water with
vigorous stirring. The crude solid product, 70 g., was filtered
off and washed with 1:1 ethanol-water. Acidification of the
filtrate yielded wu additional 10 g. of crude produet. The
crude product was nearly insoluble in acctone, ethanol,
Cellosolve, chloroform, ethyl acetate, and benzene. An
analytical sample was prepared by dissolving the crude
material in pyridine (charcounl) and diluting the solution with
an equal volume of water, giving colorless crystals of chloral-
2-methyleinchonie aeid, m.p. 204-204.5° dec.

Anal. Caled. for CiH;oNO,Cly: C, 46.66; H, 3.01; N,
4.25: CL 31.79. Found: C, 47.08; H, 3.12; N, 4.44; Cl, 31.79.

This procedure did not work well for large quantities.
Thus, the remainder of the erude product was dissolved
in 100 ml of pyridine, diluted with an ejual volume of
water, and neutralized with hydrochloric acid in a stepwise
fashion removing the preeipitated produet after each inere-
mental addition of acid. The yield of nearly white crystals
was 50 g. (409,), m.p. 203-205° deec.

Reaction of chloral-2-methylcinchoninic acid with pyridine
and alkali. To a solution of 6.6 g. (0.02 mole) of chloral-2-
methyleinchoninic acid in 10 ml. of pyridine was added a
solution of ¢ g. of potassium hydroxide in 20 ml. of water.
The solution was warmed gently on the steam bath until a
vigorous reaction began. After the boiling had subsided, the
purple solution was chilled in ice and neutralized with 6 ml
of glactal ucctic acid. A deep purple-black solid separated
which was colleeted and washed with water, giving 3.0-4.2
g. (50-709,) of crude product.

To 200 ml. of boiling absolute ethanol 1 g. of crude
product was added and the mixture was heated for 2 min.
The solution was rapidly filtered and immediately chilled
in ice. The produet formed fine, lustrous purple-black erys-
tals of the enol betaine, which were soluble in dilute po-
tassium hydroxide solution, slightly soluble in ethianol, less |
¢0 than compound A in acetone, acetic acid, and hydro-
chloric acid and insoluble in ether, dioxane, and petroleum
cther. The analytical sample was found to contain one mole-
cule of cthano! of erystallization.

Anal. Calcd for ClsHmN‘g()q,CzH(‘.(,): C, 6856, H, 518,
N, 8.00. Found: C, 68.71; H, 5.15; N, 8.23.

LincoLNn 8, NEB.

Soc.. 61,961 (1939).



