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The Pfitzinger? method of synthesis of substituted cinchoninic acids, like
cinchophen, from isatin and methyl ketones with concentrated potash,
serves as a convenient reaction when no alkali-sensitive groups are pres-
ent. The desirability of a more gentle method suggested the Knoevenagel?
catalysts in place of the alkali.

When an alcoholic solution of isatin and acetophenone containing a small
quantity of diethylamine is allowed to stand overnight a copious yield of a
product (I) is obtained. The product is not cinchophen but is, according
to its empirical formula, an addition product

CsHEOQN + CsHsO = CuHuO;N
Isatin Acetophenone 0
The same product (I) is obtained by the use of piperidine or low concentra-
tions of potash. Furthermore, repetition of the procedure described in
German Patent 301,591, using cold dilute ammonia, yields (I) (CieH;305N)
again, proving it to be identical with the product described in that patent.*

The product is evidently the result of interaction of the beta carbonyl
of isatin with the methyl group of acetophenone and its structure is 3-
hydroxy-3-phenacyloxindole (I). This structure is
postulated on the basis of the following facts. (1) ?H
Linkage of acetophenone to the nitrogen of isatin is not ——CCH,COCsH,
a possibility since N-methylisatin also condenses, like O ICO 165
isatin, toyield a product with similar chemical proper- \I\é{
ties. (2) Linkage to the alpha carbonyl is decidedly
unusual in isatin condensations. Furthermore, isatin-8-anil and isatin-3-
bispiperidyl give no product with these catalysts and methods, indicating
that the a-carbonyl is not involved in this type of condensation. (3) The
chemical properties of the compound favor the structure shown above.

It has proved difficult to obtain a sharp melting point for (I). Heating
the compound at its approximate melting point resulted in its decomposi-
tion to isatin and acetophenone, through a reversal of the aldol-like con-
densation. This behavior is similar to that noted by Kohler and Corson$

1 Abstract from a thesis presented in partial fulfilment of the requirements for the
degree of Doctor of Philosophy at New York University.

t Pfitzinger, J. praki. Chem., 33, 100 (1886); 38, 583 (1888); 56, 283 (1897).

3 Knoevenagel, Ann., 281, 25 (1894); Ann., 288, 321 (1895); Ber., 31, 2585, 2596
(1808); ibid., 37, 4464 (1904).

¢ Chem. Zenir., 1, 148 (1918).

& Kohler and Corson, THIS JOURNAL, 45, 1975 (1923).
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for their condensation product of methyl benzoyl formate and methyl cy-
anoacetate. This same decomposition was noted when the product (I)
was treated with potash solution with a short period of warming. Using
potash under the more strenuous Pfitzinger conditions resulted in the for-
mation of cinchophen—not, apparently, through any rearrangement of
(I), but rather through its decomposition into isatin and acetophenone
followed by condensation of these two, after ring opening of the isatin.

OH Isatin COOH
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| — C—CH,COC¢H; Aceto- KOH, 8 hrs.
{ -——————> phenone —————>
! KOH (1 hr.) Heat
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(I) KOH, 8 hl’S., heat (VI)

Treatment of the 3-hydroxy-3-phenacyloxindole with acid resulted in its
dehydration to yield 3-phenacylideneoxindole (II).

The Pfitzinger reaction for the formation of cinchophen (VI) is ordinarily
conceived to take place in the following fashion

COOH

COOH
—é=0 W |CHB —_— (VD)
O—NHZ o/ O CeHs
2) N
If condensation occurs first at position (1) to yield (V) as an intermediate

cooH

|
—C~—-—C|H 4%)
NH, O=C—C¢H;

(2)

it might be assumed that compound (II) would, upon ring opening by hy-
drolysis with potash also yield (V) and subsequently, through reaction of
the groups at (2), yield cinchophen. This assumption is contrary to the
experimental result. No cinchophen could be isolated from the hydrolysis
reaction mixture. It is possible that (V) is a ‘‘trans” isomer and will not
form the quinoline derivative for this reason. This point has not yet been

investigated.
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3-Phenacylideneoxindole (II) upon reduction yielded 3-phenacyloxin-
dole (III). Again in this case it might be assumed that treatment with
concentrated potash would lead to the following changes

COOH
?OOH -
—CHCH,;COC:H; —CH—CH; /"\CH,
| — — |
N o NH; O=C—C¢H; TG
NH 3

(I11)
Compound (IIT) proved surprisingly stable, being returned unchanged from
the concentrated potash solution after several hours of heating. Oxime
(IV) formation attested to the ketone structure of (III).

Compound (II) cannot, therefore, be an intermediate in the course of
the Pfitzinger synthesis of substituted cinchoninic acids. It would seem
probable that the Pfitzinger reaction proceeds through reaction first of
the ketone carbonyl with the amino group of the s-aminobenzoylformic acid.

COOH COOH C|°°H
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| CH, | | CH, | |
' o { I Cem { CeH
N/ GO NN NN
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(VD)

In the case of the products (described in the Experimental Part) formed
through the interaction of isatin or N-methylisatin with acetophenone or
para-(Br, Cl, CH;, OCHj;)-substituted acetophenones, the reactions and
general properties are completely analogous to those described above.

Experimental Part

3-Hydroxy-3-phenacyloxindole (I) and Derivatives

(A) By the Action of Diethylamine.—Five grams of isatin and an equimolecular
amount of acetophenone were dissolved in 100 cc. of absolute alcohol and diethylamine
(10 drops) was added. The mixture was allowed to stand overnight at room tempera-
ture. The yellow needles which formed were separated by filtration and were recrys-
tallized from alcohol. This procedure was also followed in the reactions of N-methyl-
isatin with acetophenone and of isatin with para-(methoxy, chloro, bromo)-aceto-
phenones (Table I). Piperidine may be substituted for diethylamine, giving comparable
yields.

(B) By the Action of Other Catalysts.—Variations of Method “A’” were tried in
the condensation of isatin and acetophenone, substituting other catalysts for diethyl-
amine. Ammonia gave a slightly improved yield of product (729,). The reaction was
carried out at room temperature, using 2 cc. of concentrated ammonium hydroxide in
15 cc. of 339, ethyl alcohol per gram of isatin. Potassium hydroxide was tried in various
amounts. The concentration for the optimum yield (85%) was found to be 15 cc. of
609, ethyl alcohol, containing 0.169, of potash, per gram of isatin.
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Decomposition of 3-Hydroxy-3-phenacyloxindole (I) into Isatin and Acetophenone

(A) By Heat.—A 2-g. sample of (I) was heated slowly in a bath of sulfuric acid
until the melting range of the material was reached. Evident decomposition resulted
with a marked odor of acetophenone. Fractional crystallization of the residue yielded
a small quantity (0.2 g.) of isatin.

(B) By the Action of Potash.—One gram of (I) was dissolved in 10 cc. of 95%
ethyl alcohol, and to this was added 10 cc. of 109, alcoholic potash. The mixture was
heated on a steam-bath for one hour. Isatin (0.3 g.) was isolated from the reaction
mixture,

TaABLE I
Products by Yield, Corr. Analyses
method ’A” Formula % m, p., °C. Caled. Found
3-Hydroxy-3-phenacyl-oxin- CsH;303N 63 169-172 C, 71.92 72.33 72.44
dole ) dec. H, 4.87 4.81 4.93
N, 5.20 5.05
3-Hydroxy-1-methyl-3- Cy7Hs03N 72 168-170 C, 72.6 73.0
phenacyloxindole dec. H, 5.3¢ 5.40
3-Hydroxy-3(4’-chloro-
phenacyl)-oxindole CieH2O:NCl 87  175-176 Cl, 11.82 11.79
3-Hydroxy-3(4’-bromo-
phenacyl)-oxindole CieH12O;NBr 87 178-181 Br, 23.09 23.05
3-Hydroxy-3(4'-methyl-
phenacyl)-oxindole Ci7H1:0:N 85 185-186 N, 4.98 4.90
3-Hydroxy-3-(4’-methoxy-
phenacyl)-oxindole Ci-H1isON 86 186-187 N, 4.71 4.67

Cinchophen (2-Phenylquinoline-4-acid) from 3-Hydroxy-3-phenacyloxindole (I).—
A 5-g. sample of (I) was dissolved in 24 cc. of 959%, alcohol and 339, potash solution
(12 cc.) was added. The mixture was heated on a steam-bath for eight hours. Acidi-
fication resulted in the precipitation of a white solid which was recrystallized from alco-
hol. Cinchophen (609 yield) was identified by its melting point and a mixed melting
point with a commercial sample.

TaBLE 11
Dehydrating Produect, M. p., °C. Yield, Analyses
agent plus: -oxindole -oxindole Formula (corr. % Caled. Found
3-Hydroxy-3- 3-Phenacylidene- CHO,N 193-194 92 77.10 76.74

Cy
phenacyl- H, 4.42 4,39
N, 5.61 5.50

3-Hydroxy-1- 1-Methyl-3-

methyl-3-phen-  phenacylidene- C;7H;;0.N 127-128 76 C,

acyl- H,
3-Hydroxy-3-(4’- 3-(4’-Chlorophen-

chlorophenacyl)- acylidene)- CisH oO:NC1 209-210 95 Cl, 12.52 12.65
3-Hydroxy-3-(4’- 3-(4’-Bromophen-

bromophenacyl)- acylidene)- CieH1oO,NBr 218219 85 Br, 24.35 24.06
3-Hydroxy-3-(4’- 3-(4’-Methyl-

methylphenacyl)- phenacylidene)- Ci7H;s0.N 182-183 85 N, 5.32 5.30
3-Hydroxy-3-(4’- 3-(4’-Methoxy-

methoxyphen- phenacylidene)-

acyl)- Ci7H305N 201 8 N, 5.01 4.95

77.56 77.70
4.94 4.96
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Dehydration of 3-Hydroxy-3-phenacyloxindole (I) and Derivatives

(A) By Aqueous Alcoholic Hydrochloric Acid.—A mixture containing 8 g. of (I),
25 cc. of alcohol and 50 ce. of coned. hydrochloric acid (or 50 cc. of 209, sulfuric acid)
was allowed to stand overnight (or was heated for one-half hour at 100°). Fine orange-
red needles formed. The product was recrystallized from ethyl alcohol. This pro-
cedure was also used in the case of certain derivatives of (I) (Table II).

(B) By Hydrochloric Acid in Acetic Acid.—When a mixture containing 2 g. of
(I), 0.5 cc. of coned. hydrochloric acid and 20 cc. of glacial acetic acid, was warmed on
the steam-bath for fifteen minutes and then cooled, the same product formed as in “A.”

Reduction of 3-Phenacylideneoxindole and Derivatives

By Sodium Hydrosulfite, —3-Phenacylideneoxindole (5 g.) was partially dissolved
in 75 cc. of 95% ethyl alcohol. To this was added 5 g. of sodium hyposulfite (N2a,S04)
dissolved in 25 cc. of water. At room temperature, reduction was complete in about
two hours; at steam-bath temperature, in twenty minutes. Upon thorough cooling of
this solution, white crystals were formed. The product was purified by recrystallization
from ethyl alcohol (Table III).

TaBLE 111
NaS104 Product, M. p., °C. Yield, Analyses

plus: -oxindole -oxindole Formula (corr.) % Caled. Found

3-Phenacylidene- 3-Phenacyl- C1sH1s0:N 177 8 C, 76.51 76.30
H, 5.18 5.13

1-Methyl-3-phen- 1-Methyl-3-phen-

acylidene- acyl- CiHi:O:N 134-135 65 N, 5.20 5.28
3-(4’-Chlorophen- 3-(4’-Chloro-

acylidene)- phenacyl)- CisH120.NC1 182-183 84 I, 12.44 12.47
3-(4'-Bromophen- 3-(4’-Bromophen-

acylidene)- acyl)- CiH1;O;NBr 191-192 90 Br, 24.21 24.19
3-(4'-Methyl- 3-(4’-Methyl-

phenacylidene)- phenacyl)- Ci7His0:N 145-146 78 N, 5.28 5.24
3-(4'-Methoxy-  3-(4’-Methoxy-

phenacylidene)- phenacyl)- Ci7H 504N 164-165 76 N, 4.98 4.92

3-Phenacyloxindole Oxime,—3-Phenacyloxindole (5 g.) was dissolved in 100 cc. of
959, ethyl alcohol and to this was added an aqueous solution of hydroxylamine, prepared
by adding 12.5 cc. of 109, sodium hydroxide to 2.5 g. of hydroxylamine hydrochloride
in 10 cc. of water. The mixture was heated on a steam-bath for one hour and on cooling
the oxime crystallized from solution. It was recrystallized from ethyl alcohol; yield
85%, m. p. 198-199°.

Anal. Caled. for C;sH14O:N2: C, 72.18; H, 5.26. Found: C, 71.95; H, 5.22.

Attempted Rearrangement of 3-Phenacylideneoxindole to Cinchophen.—A mixture
of 3-phenacylideneoxindole (2.7 g.) in 12 cc. of ethyl alcohol and 6 cc. of 33% potash
was refluxed for three hours. The mixture was cooled and acidified with hydrochloric
acid. A dark brown gummy material separated which solidified upon standing under
water. No cinchophen could be obtained from this mass.

Attempted Rearrangement of 3-Phenacyloxindole to 3,4-Dihydro-2-phenylcin-
choninic Acid.—3-Phenacyloxindole (5 g.) was treated with the concentrations of water,
alcohol and potash mentioned directly above. The mixture was refluxed for fifteen
hours, then cooled and acidified. The product (4 g.), after purification, was found to be
unchanged 3-phenacyloxindole.
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Summary

Isatin has been condensed with acetophenone to yield 3-hydroxy-3-
phenacyloxindole. Some chemical properties and derivatives of this
compound are described.

3-Phenacylideneoxindole and 3-phenacyloxindole failed to rearrange to
give quinoline derivatives under the experimental conditions employed.
This suggested that 3-phenacylideneoxindole is not an intermediate in the
Pfitzinger synthesis of cinchophen from isatin and acetophenone.

NEw Yorg, N. Y.
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THE INDENE FROM ALPHA, GAMMA-BISDIPHENYLENE-BETA-
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A molecule whose structure involves two fused five membered rings ad-
jacent to each other on a benzene nucleus is, as mechanical models show,
so highly strained that it is generally regarded as being incapable of exist-
ence. Several unsuccessful attempts to obtain such a molecule have been
recorded. V. Braun and Reutter? were unable to convert hydrindene-1-
acetic acid (I) into the tricyclic ketone (II), while the homologous hydrin-
dene-1-8-propionic acid (IIT) and tetralin-1-acetic acid (V) were readily
cyclized to the ketones (IV) and (VI).
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Similarly Jackson and Kenner? were unable to convert 1-ketohydrindene-3-
acetic acid (VII) or indoxylacetic acid (VIII) into the tricyclic compounds
(IX) and (X).

! National Research Fellow in Chemistry.

2V, Braun and Reutter, Ber., 59, 1922 (1926).
8 Jackson and Kenner, J. Chem. Soc., 573 (1928).



