


THE HYDROLYSIS OF HYDANTOIN-OXINDOLES

AND

THE NUMBER OF STRUCTURALLY ISOMERIC

ALIPHATIC COMPOUNDS

THESIS

Presented to the Faculty of the Graduate School of
The University of Texas in Partial Fulfill-

ment of the Requirements

For the Degree of

DOCTOR OF PHILOSOPHY

By

Charles Mabry Blair, B.A,, M.A.

(Wharton, Texas)

Austin, Texas

June, 1933



3

PREFACE

This dissertation is divided into two separate

parts, since the results so presented represent in-

vestigations which are distinct and unrelated.

These researches were suggested hy Dr, Henry R

Henze and carried out under his direction.
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CHAPTER I

UTILIZATION OF HYDANTOINS IN THE SYNTHESIS

OF ALPHA AMINO ACIDS
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UTILIZATION OF HYDANTOINS IN THE SYNTHESIS

OF ALPHA AMINO ACIDS

For a number of years the synthesis of alpha amino acids has

been studied by many able investigators. Among the more success-

ful methods which have been developed is that utilized first by

Wheeler and Hoffmanl in the synthesis of phenylalanine. The

method, in brief, consists of the condensation of an aromatic al-

dehyde with hydantoin, reduction of the unsaturated condensation

product and hydrolysis of the resulting compound. Thus in the

preparation of phenylalanine, benzaldehyde was first condensed

with hydantoin, in the presence of fused sodium acetate, thereby

o

forming 5-benzalhydantoin.“

For a number of years the synthesis of alpha amino acids hasbeen studied by many able investigators. Among the more success-ful methods which have been developed is that utilized first byWheeler and Hoffman l in the synthesis of phenylalanine. Themethod, in brief, consists of the condensation of an aromatic al-dehyde with hydantoin, reduction of the unsaturated condensationproduct and hydrolysis of the resulting compound. Thus in thepreparation of phenylalanine, benzaldehyde was first condensedwith hydantoin, in the presence of fused sodium acetate, therebyoforming 5-benzalhydantoin.“

*
Wheeler a.nd Hoffman, Am. Chem. J., 45, 368 (1911).

?
The naming of hydantoin compounds utilized throughout this

thesis conforms with that adopted by Chemi cal Abstracts in which
the positions in the hydantoin nucleus are numbered as indicated
b elow:

I—HH-CO-WH-CO-CH,—I .

123 4 5
In order to avoid confusion it should be noted that through 1917,
Johnson and his associates used the following system of numbering

I—UH-CO-NH-CO-CHo -LI
.

3 2 15 4
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The latter was then reduced to the corresponding 5-benzylhydan-

toin by warming with hydriodic acid.

It is interesting to note that the reaction between hydantoinandaliphatic aldehydes has been accomplished in but four in-stances, namely, with cinnama.ldehyde bromo-cinnamaldehyde (ll),’*formaldehyde and chloral Whereas the twoformer

When the benzyl derivative was digested with an aqueous solution

of barium hydroxide, the hydantoin ring underwent a hydrolytic

cleavage and phenylalanine was produced.

It is interesting to note that the reaction between hydantoinand aliphatic aldehydes has been accomplished in but four in-stances, namely, with cinnama.ldehyde bromo-cinnamaldehyde (ll),’*formaldehyde and chloral Whereas the two former

Following the development of this method, many condensations

of hydantoin with various aromatic aldehydes were effected for

the purpose of utilizing these products in the synthesis of amino

acids.

It is interesting to note that the reaction between hydantoin

and aliphatic aldehydes has been accomplished in but four in-

stances, namely, with cinnama.ldehyde bromo-cinnamaldehyde (ll),’*

formaldehyde and chloral Whereas the two former

C
6

H
S

CH=CH-CHO C
6

H
S

CH=CBt-CHO h-cho cci
3
-cho

I II 111 IV

»7

Johnson and Wrenshall, J. Am. Chem. Soc., 37, 2133 (1915).
‘ Behrend and Niemeyer, Ann., 365, 38 (1909).
5 Henze, H. R.: Dissertation, Yale University, 1921.
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aldehydes condensed in exactly the same manner as benzaldehyde,

the simpler aldehydes reacted with the hydrogen of the imide group

in the 1-position. Apparently a cyclic grouping in the molecular

structure of the aldehyde is favorable to its reaction with hy-

dantoin, for and / -indole-aldehyde? condense normally

with the latter.

A complete list of the aldehydes which have been utilized

for the synthesis of alpha amino acids, together with each acid

thus obtained, is given in Table I.

As might be expected, reduction has not been attempted in

the case of every hydantoin-aldehyde condensation product; nor

has the hydrolysis of each reduction product been tried. In

Table II are listed those hydantoin derivatives which have been

treated with hydriodic acid alone or with hydriodic acid and red

phosphorus, together with the product obtained in each case.

It will be noted from Table II that, in general, the action

of hydriodic acid, or hydriodic acid and red phosphorus, has led

merely to the reduction of the ethylenic linkage of the unsaturated

compound. In those cases in which there was present in the mole-

cule another group readily susceptible to reduction or elimina-

tion it also was affected. Quite recently an extreme case of this

type has been reported in that the action of concentrated hydriodic

acid on o-nitrobenzal-hydantoin led irregularly to the formation of

6
Deulofeu, _Z. physiol. Chem. , 204, 214 (1932).

„

Majima and Kotake, Ber. , 558, 3859 (1922).
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1 Loc. cit.
3 Loc. cit.
8 Loc. cit.
7 Loc. cit.
8 Johnson and Bengis, J. Am. Chem. Soc.

,
34, 1061 (1912).

9 Ibid. ,
1606 (1913).

10 Johnson and S
cott, J. Am. Chem. Soc., 37, 1846 (1915).

11 Schaff and Labouchere, Helv. Chim. Acta, J7, 357 (1924).
1 2

Robson, J. Biol. Chem., 62, 4955(1924).
*

13 Jansen, Rec, trav. chim., 50, 291 (1931).
1 4 Sze'ki and Lakos, Acta Sci. Univ. Francisco Joseohinae,

Acta Chem.
,

Mineral, Physica, 1, 157 (1929).
15 Deulofeu and Mendive, 27? physiol, Chem., 211, 1 (1932).

Aldehyde Amino Acid Reference

Benzaldehyde Phenylalanine (1)

Anisaldehyde Tyrosine (1)

Bromoanisic aldehyde
phenyl)-proprionic acid (8)

Vanillin 3-Methoxy-4-hydroxyphenyl-
alanine (9)

Methylsali cyli c

aldehyde o-Methoxyph eny1alanine (10)

C i nnamaldehyde -Amino- enic acid (3)

1,2, 3-Trimethoxy-4-
benzaldehyde

2,3, 4-Trimethoxyphenyl-
alanine (11)

1,2, 3-Trimethoxy-5-
benzaldehyde

3,4, 5-Trimethoxyphenyl-
alanine (11)

5-Me thylindo1e-3-

aldehyde bz-3-Methylt ryptophane (12)

2,4, 5-Trimethoxy-
benzaldehyde

2,4,5-Trimethoxyphenyl-
alanine (13,14)

Tryptophane (7)

Piperonal Piperonylalanine (15)

Furfural Furfury1alani ne (6)

TABLE I
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Johnson and Hoffman, Am. Ohem. J., 47, 20 (1912).
17 Johnson and Bengis, J. Am. Chem. Sqq.

,
34, 1054 (1912).

18
Johnson and Hahn, ibid., J39, 1255 (1917).

Hydantoin Derivative Reducing
Agent

Reduction Product Ref erence

5-(3,5-dibromo-4-hydroxy-
benzal)-hydantoin HI

5-(3,5-dibromo-4-hydroxy
ben zy1)-hydant o in (16)

Hitroanisalhydantoin HI & P Aminotyrosinehydantoin (17)

5- (3-bromo-4-hydroxy-
benzal)-hydantoin HI Tyros inehydantoin (8)

5-(3-nitro-4-methoxy-
benzal)-hydantoin HI & P 5-(3-amino-4-hydroxy-

benzyl)-hy dant o in (18)

Anisalhydantoin HI & P Tyrosine (1)

Loc. cit.
8

Loc. cit.

TABLE II
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a quinoline ring.when reduction was effected with the addition

of red phosphorus quinimidazolinone (V) could be isolated.

/^Y/Xx
i flL x

N NH

V

Finally, in the example recorded last in Table 11, the action of

a mixture of concentrated hydriodic acid and red phosphorus upon

the hydantoin derivative was more drastic and caused hydrolysis

of the heterocyclic ring, thus producing an amino acid.

As has been stated, in the synthesis of amino acids the hy-

dantoin-aldehyde condensation product was first reduced and the

resulting compound treated with aoueous barium hydroxide solution.

The only example of the direct alkaline hydrolysis of an unsatu-

rated condensation product is that recorded by Wheeler and Hoff-

man.
1 Anisalhydantoin was converted, by means of barium hy-

droxide, into p-methoxy-phenylpyruvic acid and not into an un-

saturated. alpha amino acid as was expected.

/\.C CO /
//XS

\cHp-CO-COOH
I I

2

CH
3
0l JHH + 3 H?O = CH3oI J+ 2 NH3 + CO

2

x/

IQ z

Kozak and Musial, Bull. intern, acad. polonaise 1930 A, 432.
1

Loo. cit.
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This reaction, although presenting interesting possibilities,

seems to have received no further study.

The fact that Biltz and report the formation of

oxalic acid, ammonia and urea by the action of barium hydroxide

on 5-hydroxyhydantoin emphasizes the possibility of preparing

acids, other than amino acids, from the interaction of the alde-

hyde condensation products with barium hydroxide.

Although aliphatic and open chain aromatic ketones and di-

ketones are apparently incapable of condensation with hydantoin,

three cyclic ketones, namely, isatin (VI), 51>£2,23S 1>£2,23 5-bromo-isatin

(VII and 5,7-dibromo-isatin (VIII) 23 have been successfully

condensed.

CO CO CO

CO

\ / \ /G 0 \ / \ /
G°

MH \/ MH MH
Br

VI VII VIII

These condensations were effected with the intention of subsequent

reduction and hydrolysis to produce alpha amino acids related to

tryptophane. Typical reduction of the double bond was carried

but the products of the hydrolysis by means of barium

CO CO COCO \ / \ / G 0 \ / \ / G °MH \/ MH MHBrVI VII VIII
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hydroxide were entirely unexpected. Since the results recorded

by Kotake conflict in some important respects with those reported

by Hill, Schultz and Lindwall, a detailed summary of this reaction

is given in the following chapter.



CHAPTER II

SYNTHESIS OF QUINOLONE CARBOXYLIC ACIDS

FROM HYDANTOINS
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As pointed out in the preceding chapter, the results obtained

by Kotake upon reduction and hydrolysis of the isatin-hydantoin

condensation product conflict with those reported by Hill, Schultz

and

In 1927, Kotake reported that he had repeated the condensa-

tion of isatin with hydantoin in the presence of acetic anhydride

and fused sodium acetate. However, since a large excess of acetic

anhydride was used, the product obtained was the diacetyl deriva-

tive of hydantoin-(A5 ’)-oxindole prepared earlier by Hill and

Henze. Its reduction in both alkaline and acid media was next

studied. By means of sodium amalgam in alkaline solution the

ethylenic linkage was reduced smoothly and, since simultaneously

the acetyl groups were removed, hydantoin-(5,3 1 )-oxindole was ob-

tained. However, reaction did not proceed as simply when reduction

was effected by zinc and acetic acid, in as much as the product

was not hydantoin-(As >3V^oxindole,although it could be converted

into the latter by treatment with alkali followed by acidification.

On the basis of duplica.te analyses, which correspond fairly closely

SYNTHESIS OF QUINOLINE CARBOXYLIC ACIDS

FROM HYDANTOINS

2,0
‘ Loc. cit.

23
Loc. cit.
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to the empirical formula Kotake stated: ”Da.her

mdsste es ein Zwischenprodukt von Oxindolyl-hydantoin sein, aber

das Resultat von Analyse stimmt mit dberein, was keine

denkbare Formel gab.” It would seem possible to ascribe to this

product the constitution of a monoacetyl hydantoin-( 5, 3*)-oxin-

dole (C23H11H304) for reduction in glacial acetic acid would not

be expected to completely deacetylate the reaction product. Ko-

take’s analyses would indicate a homogeneous mixture of oxindolyl*

hydantoin and its acetylated derivatives.

The action of barium hydroxide on hydantoin-(5,3*) -oxindole

proved to be most interesting in that the amino acid anticipated

was not formed. The structure of the product actually obtained

was formulated by Kotake as 2, 3-dibydroxy-3,4-dihydroquinoline-4-

carboxylic acid. The evidence for attributing this structure to

the final product was not conclusive, since it was based merely

upon the analytical data and upon the conversion of the silver

salt into carbostyril by destructive distillation. Since the

preparation and physical properties of 2,3-dihydroxy-3,4—dihydro-

quinol ine-4-carboxylic acid had not been previously recorded in

the literature, the failure of Kotake to synthesize this acid by

some other method, for purposes of comparison, leaves the exact

structure of the hydrolysis product in doubt.

Following the appearance in the literature of Kotake’s com-

munication, but apparently in ignorance of it, Hill, Schultz and

published the results of a similar investigation. The

22
. • +Loc, cit.
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ethylenic linkage of hydantoin-(AS
,
3 ’)-oxindole was reduced, by

the action of hydriodic acid and by tin and hydrochloric acid,

producing the same product as that obtained by Kotake. However,

subseouent hydrolysis of this reduced compound, by means of barium

hydroxide, yielded a product which Hill and his associates proved

conclusively to be 2-quinolone-4-carboxylic acid. In the reduc-

tion of hydsntoin-(A 5 >3 I

)_oxindole by hydriodic acid and red phos-

phorus the hydantoin nucleus was destroyed with the production of

the dihydro derivative of the quinolone acid obtained by alkaline

hydrolysis. It is unfortunate that the action of barium hydroxide

on the unreduced isatin-hydantoin condensation product was not

studied.



CHAPTER III

PURPOSE OF THIS INVESTIGATION
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PURPOSE OF THIS INVESTIGATION

Since the work of is subject to some discredit due

to consistently poor analyses and to inconclusive proof as to the

structure of certain compounds, it seemed desirable to repeat

this work in order that the recorded data, might be definitely con-

firmed or shown to be in error. In so doing it should be possible

to establish the structure of the compound for which he was unable

to suggest a constitution but which, in all probability, should be

. p- >7 I .

monoacetyl-hydantoin-( v )-oxindole. The exceedingly large num-

ber of typographical errors throughout Kotake’s communication made

the repetition of his entire investigation imperative before its

comparison with the results of Hill and his collaborators.

As the methods employed by Hill, Schultz and Lindwall were

different from those of Kotake, except in the final stage, repe-

tition of their work also seemed necessary in order to establish

the relative accuracy of the divergent results a.nd to determine

which was the better of the two procedures.

Except for the isolated reference to the treatment of anisal-

hydantoin with barium there is no record of any study

Loc, cit.

Loc* cit.
23

Loc. cit.
1

Op. cit., p. 376.
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C=C-COOH CH-CO-COOHI 1 io I 1 ioMH NHIX XCOCH 000 HAA\ / \ /°° \ z \ / c °MH NHXI XII

C=C-COOH CH-CO-COOH

I 1 io I 1 io
MH NH

IX X

COCH 000 H

AA
\ / \ /°° \ z \ /

c°

MH NH

XI XII

C=C-COOH CH-CO-COOHI 1 io I 1 ioMH NHIX XCOCH 000 HAA\ / \ /°° \ z \ / c °MH NHXI XII

1
Op. cit., p. 376.
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action of barium hydroxide on anisalhydantoin, the compound thus

obtained would be a substituted pyruvic acid (X). Finally, since

it is known that the oxindole nucleus is opened by alkali and that

ring closure,upon acidification, favors the formation of a six

rather than a five-membered ring, it might be expected that hy-

drolysis of hyd.antoin-(A 5 ’$ ’)-oxindole would result in the forma-

tion of a ouinolone carboxylic acid, either (Xi) or (XII), accord-

ing to whether or not the amino group was eliminated during the

reactioh.

In as much as the hydrolytic reaction proceeded in a totally

different manner from those outlined above it appeared highly

desirable to extend the study of this reaction to derivatives of

hydantoin-(A )-oxindole. Hence, a complete study of the s’-

methyl homolog was included in this investigation.



CHAPTER IV

EXPERIMENTAL
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EXPERIMENTAL

Preparation of Hydantoin

CI.CH2-COOH + 2 NHj -> NH2 *CH2-COOH + HH4CI

HHp.CHg-COOH + C 2 + HOI -> HCI-WH2 *CH2-COOC2H5 + H 2O

HCI*NH 2*CH2-COOC2H5 + KCITO WH2 * CO* NH* OH2
* COOC 2H5 + KOI

UH2 *CO*UK-CH 2 *COOC2H 5 -> LW 2< CO*NH‘CH2*c6J + C 2
.

By the method of Orten and a mixture of 94.5 grams of

monochloroacetic acid and 4 liters of ammonium hydroxide (sp. gr.

0.90), after standing for two days at room temperature, was evapo

rated to 250 cc. under reduced pressure. Upon the addition of

1500 cc. of 95$ methyl alcohol the glycine was precipitated out

as a white solid. The solution was cooled for several hours in

an ice bath and the amino acid which had separated was filtered

off and washed with alcohol.

The glycine was converted into its ester hydrochloride by

treatment of a suspension of 75 grams of glycine in 375 cc. of

absolute alcohol with dry gaseous hydrogen chloride. After the

solid had completely dissolved the solution was cooled and the

glycine ester hydrochloride filtered off.

pc
Following the directions of Harries and Weiss °

a cold

24
Orten and Hill, J. Am. Chem. Soc., 53, 2798 (1931).

Harries and Weiss, Ber., 33, 3418 (1900).
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saturated solution of one mole of the glvcine ester hydrochloride

was added with stirring to one mole of a cold, freshly prepared

saturated solution of potassium cyanate. After a short time the

hydantoic acid ester separated and was filtered from the solution.

Hydantoin was obtained from the hydantoic acid ester by evaporat-

ing it with somewhat more than the amount of 25$ hydrochloric acid

necessary for dissolution. The white residue thus formed was re-

crystallized three times from water. After this purification the

hydantoin melted at 219°-220°C.

Preparation of Diacetyl-hydantoin-(A 5 ’)-oxindole

2?
Following Kotake 6 grams of isatin, 4 grams of hydantoin,

6 grams of freshly fused sodium acetate and 15 grams of acetic an-

hydride were warmed in a water bath to start the reaction. As

soon as the reaction had begun it was necessary to cool the mix-

ture to prevent charring. After the vigorous reaction had sub-

sided the mixture was warmed at 60°C. for fifteen minutes and. upon

cooling hardened to a yellowish tan mass. This was treated with

500 cc. of water and the mixture filtered, the residue being

washed well successively with water, alcohol, and ether. Six a,nd

one-half grams of the product were thus obtained and represented

a yield of 50$ of the theoretical. In describing the preparation

of this compound Kotake records that it chars at 245°0.; however,

in this investigation, following recrystallization of the compound

23
Op. cit., p. 62.
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from acetic anhydride, it was found to melt with decomposition at

258°C. (corr.) although some sintering took place at about 240°-

245°C.

Preparation of Hydantoin-(A 5
’ 3 ’)-oxindole

//A\ c=c co

k /k CO NH NH

\h \o

E f

A. From Diacetyl-hydantoin-(A 0,0 )-oxindole

Following the directions of Kotake two grams of diacetyl-

hydantoin-(A^> ’)-oxindole were dissolved in cold dilute ammonium

hydroxide and the solution acidified with dilute hydrochloric acid.

There separated a finely divided orange colored precipitate which

remained unchanged when heated to 310°0.

B. From Isatin end Hydantoin

Following the method of Hill and Henze a mixture of 74

grams of isatin, 50 grams of hydantoin, 100 grams of fused sodium

acetate and 500 cc. of glacial acetic acid (to which had been

Op. cit.
, p. 63.

21
Op. cit., p. 2808.



27

CH HC CO/ /CO HM MHMH

Preparation of Hydantoin-(5,3 1 )-oxindole

CH HC CO

/ /CO HM MH

MH

A. By Reduction of Diacetyl-hydantoin-(A 5 >3 1 )-oxindole

Eight grams of the diacetyl-hydantoin-(A^> 3 ’)-oxindole were

suspended in 40 co. of glacial acetic acid and, while warming on

the water bath, zinc dust was added in accordance with the
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directions of Kotake.After the yellow color had disappeared

the mixture was dried under diminished pressure, washed well with

water, and recrystallized from glacial acetic acid. The white

solid which was obtained melted with decomposition at 248°C.

(corr.) as compared with 243°C. as reported by Kotake. Although

he made no suggestion as to the possible structure of this sub-

stance, since the results of his analyses agreed with the formula

C14H1304H3, it seems probable that it is monoacetyl-hydantoin-

(s,3 ’)-oxindole. Analysis of the purified substance for nitrogen

bears out this assumption. The yield was 3.5 grams or S(X of the

theoretical.

Analysis:

Calculated for Found

W, 15.38 15.21

Three grams of this substance were dissolved in dilute sodium

hydroxide and the solution acidified with hydrochloric acid. Hy-

dantoin-(5,3 1 )-oxindole separated from the solution and after re-

crystallization from water melted with decomposition at 281°-282°C.

(corr.). The melting point observed by Kotake was 283°-284°C.

B. By Reduction of Hydantoin-(A 5>’)-oxindole

1. Reduction with Tin and Hydrochloric Acid

o<7

According to the directions of Hill, Schultz and Lindwall

15 grams of hydantoin-(A S
»
? ’)-oxindole were suspended in 300 cc.

2
Loe. cit.

23 Op. cit., p. 771.
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of ethyl alcohol and, after the addition of 19.5 grans of tin,

hydrogen chloride gas was passed into the hot solution until the

metal had dissolved. The unsaturated compound was completely re-

duced after a second treatment with 19.5 grams of tin, followed

by saturation of the solution with hydrogen chloride. The excess

alcohol and acid was removed by distillation under diminished

pressure and the residue extracted with hot 10$ hydrochloric

acid, from which hydantoin-( 5,3 *)-oxindole separated upon stand-

ing. The product, after recrystallization from water, melted

with decomposition at 281°-282°C. (corr.) and a mixture of it

with the hydantoin-(5,3’)-oxindole obtained above by the method

of Kotake also melted at this same temperature. This melting

point is slightly higher than that of 376°C. obtained by Hill,

Schultz and Lindwall.

2. Catalytic Reduction

A small amount of platinum oxide prepared by the method of

together with 50 cc. of alcohol was shaken with hydrogen

gas until it had been reduced to platinum black. Three grams of

hydantoin-( ’)-oxindole were then added and this mixture shaken

for eight hours with hydrogen under a pressure of approximately

two atmospheres. The reddish brown solid disappes.red and a silky

white precipitate separated from the solution. When filtered off

and recrystallized from water the product weighed one gram. A

slight additional amount of the reduced compound was obtained by

pc
Adams, Organic Syntheses, Vol. VIII, p. 92.
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evaporation of the alcohol under reduced pressure. The purified

product melted with decomposition at 281°-282°C. (corr.) and,

when mixed with the compound obtained by the action of tin and

hydrochloric acid upon hydantoin-(A 5 > s1 )-oxindole, the mixture

also melted at 281°-282°C.

Analysis:

COOHCH r C CO + Ba(OH)- ( \h + 2 TTH_111 - I I I 3HN. NH + H 2 O \/ \ /°° * BaC °3*WH CO NH

COOH

CH r C CO + Ba(OH)- ( \h
+ 2 TTH_

111 - I I I 3

HN. NH + H2O

\/ \ /°° * BaC°
3 *

WH CO NH

A. Method of Hill, Schultz and Lindwall

COOHCH r C CO + Ba(OH)- ( \h + 2 TTH_111 - I I I 3HN. NH + H 2 O \/ \ /°° * BaC ° 3 *WH CO NH

23 Op. cit., p. 772.
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by filtration. By careful addition of dilute sulfuric acid to

this hot filtrate, the remaining barium was precipitated as sul-

fate and immediately filtered off to avoid contamination of the

quinoline acid, which would have crystallized from the cool solu-

tion. The solution was then acidified with acetic acid. Upon

standing it deposited silky needles of 2-quinolone-4-carboxylic

acid. It was purified by crystallization from water. The yield

was one gram, or 25$ of the theoretical. The purified acid melted

at 345°C. (corr.) as compared with the melting point of 343°C.

given by Aeschlimann.
?

Analysis:

Calculated, for Found:

C, 63.49 63.28

H, 3.70 3.94

N, 7.41 7.38

B. Method of Kotake

of

Following the method/Kotake*2 5 grams of hydantoin-(5, 3 ’)-

oxindole, 25 grams of barium hydroxide and 25 cc. of water were

digested on a water bath until ammonia was no longer evolved.

After diluting the reaction mixture with water and boiling, the

precipitated barium carbonate was removed by filtration and the

27
Aeschlimann, J. Chem. Soc., 1926, 2902

Dp. cit., p. 64.
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mother liquor concentrated on the water bath. Upon acidification

of this solution with hydrochloric acid there separated white

silky needles which, alter recrystallization from water, were

found to melt at 345°C. (corr.). This product was identical in

appearance and in melting point with the 2-quinolone-4-carboxylic

acid obtained by the method of Hill, S
chultz and Lindwall. Like-

wise, the results of the analyses corresponded to the formula of

the 2-ouinolone-4-carboxylic acid, and not to that of

2,3— dihydroxy—3,4—dihydroquinoline—4—carboxylic acid, C
IO

H
9

NO
4>

reported by Kotake.

Analysis:

Calculated for Found:

C, 63.49 63.22

H, 3.70 3.86

N, 7.41 7.48

Action of Barium Hydroxide on Hydantoin-( 3 ’)-oxindole

Sixty-eight grains of hydantoin-( ’)-oxindole, 510 grams

of barium hydroxide and 510 co. of water were digested in an oil

bath under return condenser until ammonia was no longer evolved.

As the reaction proceeded the reddish brown color of the mixture

changed to pale yellow. The reaction mixture waff then diluted

with 500 co. of boiling water, the barium carbonate filtered off,

thoroughly washed with water and the washings combined with the

filtrate. Carbon dioxide was passed into the latter and, after
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boiling, a further quantity of barium carbonate was removed by

filtration. By careful addition of dilute sulfuric acid to this

filtrate most of the remaining barium was precipitated as sulfate.

Strong acidification of the solution with sulfuric acid would,

have removed all of the barium but it would also have caused a

loss of some of the product through its precipitation together

with the barium sulfate. After the barium sulfate had been re-

moved by filtration the solution was acidified with acetic acid

and allowed to stand in an ice bath for several hours. However,

since nothing separated even upon standing, the solution was

evaporated to dryness on a steam bath. There remained a reddish

brown residue which was dissolved in boiling water, treated with

Horite and filtered. Upon cooling there separated a pale yellow

solid which crystallized as leaflets or as long needles depending

upon the rate of cooling. Practically colorless needles were ob-

tained by subsequent recrystallization. Both of the crystalline

forms melted sharply at 127°C. (corr.). The yield was 25 grams

or 63$ of the theoretical. The substance is soluble in water,

alcohol, benzene and chloroform, and very soluble in acetone and

ether. When treated with hot water it melts and the molten liquid

dissolves in the water. The reaction product does not form a

picrate and is not reduced by zinc and acetic acid. Analysis of

the purified product indicated that the formula of the substance

was CgH?NO.
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Analvsis:

Calculated for Found:

C, 72.15 72.00; 72.05

H, 5.30 5.12; 5.16

M, 10.52 10.54; 10.64

The molecular weight was determined by observing the lower-

ing of the freezing point of glacial acetic acid.

Molecular weight for CBH7HO: Theoretical, 133.1

Found, 134; 139.

The residue from the barium hydroxide hydrolysis, composed

chiefly of barium carbonate, was tested, for the presence of oxalate

by dissolving it in very dilute hydrochloric acid, removing the

barium ion by means of dilute sulfuric acid and precipitating the

filtrate with calcium chloride after making the solution alkaline.

The precipitate was filtered off, suspended in water and treated

with dilute sulfuric acid. After removal of the calcium sulfate

the solution was heated and potassium permanganate added. The

permanganate was decolorized immediately with simultaneous evolu-

tion of gas, thus conclusively establishing the presence of oxalate.

This instance of the decomposition of the hydantoin nucleus forming

oxalic acid is directly analogous to that reported by Biltz and

Kobel.
20

When the compound was mixed with oxindole of known

purity (see preparation of oxindole on page 44) the resulting

mixture melted unchanged at 127°0. (corr.).

20
Loc. cit.
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Action of Nitrous Acid on

Two grams of CgHyNO were dissolved in 15 cc. of glacial

acetic acid and, after cooling, the molecular equivalent of

sodium nitrite was added. The solution was allowed to come slowly

to room temperature and upon standing for several hours there

separated one gram of orange red crystals. This solid was re-

crystallized from water twice as beautiful long yellow needles

whose melting point was 202°0. (corr.). The results of analysis

agree with the formula The product corresponds in ap-

pearance, melting point and analysis to the properties recorded

for isatoxime, which is formed by the action of nitrous acid on

oxindole. A mixture of isatoxime (see page 46 for preparation)

and the CgHgMgOg obtained by treatment of with nitrous

acid melted at 202°C. (corr.).

Analysis:

Calculated for CgHgNgOg! Found:

C, 59.26 59.45

H, 3.73 3.99

N, 17.28 17.42

Action of Bromine Water on

Two grams of CgHyNO obtained by the hydrolysis of hydantoin-

(^s, 3 ’

)-Oxindole were dissolved in water and the solution cooled

in an ice bath. After the addition of 10 cc. of concentrated
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hydrochloric acid an equivalent amount of Koppeschaar 1
s solution,

calculated to furnish one molecular proportion of bromine, was

added slowly with constant stirring. In a short time there sepa-

rated from the solution a white crystalline solid which was fil-

tered off and recrystallized from water and from alcohol. The

purified product, which consisted of colorless prisms, melted

with decomposition at 220°-221°C, (corr.). This melting point

was checked by repeated syntheses and by repeated crystallization

of the compound. This substance resulting from the reaction of

Koppeschaar*s solution with is identical with the one ob-

tained by the use of bromine water. The results of the analyses

agree with the formula CgHgNOBr but since the melting point for

monobrom oxindole reported by von is 176°C. it did not

seem probable this substance could be monobrom oxindole although

its formula suggested this possibility.

Analysis:

Calculated for CgHgNOBr: Found:

C, 45.28 45.24

H, 2.99 2.86

H, 6.61 6.54

Br, 37.70 37.96

Monobrom oxindole was synthesized after the method of von

op
Baever by treating oxindole with bromine water. It was found

28
von Baeyer and Knop, Ann. 140, 1 (1866).
The analysis f6r carbon and hydrogen was made by Mr.

Graham H. Short.
28

Op. cit.
, p. 32.
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that the melting point of the monobrom oxindole agreed exactly

with that of the CgHgNOBr obtained above and that its melting

point was not lowered when mixed with this substance. It is to

be noted that the melting point recorded by Baeyer is grossly in

error, being 44° low.

Attempt to Hydrolyze 2-Quinolone-4-carboxylic

Acid with Barium Hydroxide

Two grams of 2-quinolone-4-carboxylic acid, 15 grams of

barium hydroxide and 15 cc. of water were heated in an oil bath

for two days. The mixture was then diluted with hot water and

barium removed from the solution in the usual manner. Upon

acidification of the solution the 2-quinolone-4-carboxylic acid

was recovered unchanged.

Preparation of Hydantoin-(A 5
»
3 ’)-s’-methyl-oxindole

CH, C=C CO
3

111
L CO /NH

'S
HH CO

CH, C=C CO3 111L CO /NH'S HH CO
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proceeded the chocolate brown condensation product precipitated.

The mixture was poured into five liters of water and the solid

thoroughly triturated. The mixture was filtered and. the residue

washed successively with water, alcohol and ether, and dried in

the air. It weighed 78 grams and represented a yield of 644 of

the theoretical. It is insoluble in water, very slighly soluble

in alcohol, ether, acetone, glacial acetic acid and tetralin, and

only sparingly soluble in ammonia. It dissolves in sodium hy-

droxide and is reprecipitated by hydrochloric acid as a floccu-

lent reddish brown solid resembling very much the appearance of

ferric hydroxide. The melting point of this compound is above

310°C.

Analysis:

Calculated for Found:

C, 59.26 59.43

H, 3.73 3.84

N, 17.28 17.37

Preparation of Hydantoin-(5,3’)-s’-methyl-oxindole by Reduction

of Hydantoin-(A 5
’ 3 ’)-s’-methyl-oxindol e

CH CH CO

I I I
I J/ /CO NH NH

Xxco'
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A. Reduction with Hydriodic Acid.

Fifty grams of hydantoin-(A 5
’

3 1

)-5’-methyl-oxindole, 225 cc.

of hydriodic acid (sp. gr. 1.7) and. 500 cc. of glacial acetic

acid were boiled gently in an oil bath for one hour. At the end

of this time the indigoid had dissolved completely. The solution

was steam distilled until the distillate no longer tested acid to

litmus. The mixture was then chilled in an ice bath and the sepa-

rated product filtered off and washed well with water and acetone.

The residue, which weighed 26 grams and represented a yield of

50$ of the theoretical, was white in color. A portion of the sub-

stance was recrystallized from water. It separated in snow white

silky needles which melted with decomposition at 306°-307°0. (corr.)

although incipient fusion was noted somewhat below this temperature.

The product is soluble in glacial acetic acid, slightly soluble in

water and alcohol and insoluble in acetone and ether. It dissolves

in alkali and is reprecipitated unchanged by acid.

Analysis:

Calculated for Found

C, 58.78 58.95

H, 4.49 4.61

N, 17.14 17.32

B. Catalytic Reduction

Fifty cubic centimeters of alcohol and a small amount of

pc
platinum oxide" were shaken with hydrogen gas until the oxide

Log. cit.
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had been reduced to platinum black. One gram of hydantoin-

(, 3 ’)_s’-methyl-oxindole was added and the mixture shaken with

hydrogen for seven hours. The hydantoin derivative completely

disappeared end silky needles of the reduced product separated

from the solution. The solid was filtered off and the alcohol

solution evaporated to dryness under reduced pressure. This

residue was added to the solid which had been filtered off and

the entire product recrystallized from water. The pure substance

weighed one-half gram and melted with decomposition at 304°-305°C.

(corr.). A mixture of this product and that obtained in (A) above

melted at 304°-305°C.

Analysis:

Calculated for : Found:

N, 17.14 17.26

Action of Barium Hydroxide on Hydantoin-

1)- 5«-methyl-oxindole

Twenty three grams of hydantoin-(A ’ )-s’-methyl-oxindole,

173 grams of barium hydroxide and 173 co. of water were refluxed

in an oil bath for two days, ammonia, being evolved. The mixture

was then diluted with 200 co. of water, boiled and filtered. The

residue gave a positive test for the presence of oxalate and the

filtrate possessed a definite odor of acetamide. The filtrate

was saturated with carbon dioxide, boiled for several minutes and

the barium carbonate filtered off. An additional Quantity of
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barium was precipitated by the addition of dilute sulfuric acid

to the hot solution. The barium sulfate was removed by filtra-

tion and the solution cooled in an ice bath. Since nothing sepa-

rated the solution was evaporated to dryness on a steam bath.

The residue, which charred, slightly, was extracted with hot water

and the solution treated with Norite and filtered. Small pale

yellow needles separated from the filtrate upon cooling. After

recrystallization from water the needles were nearly colorless

and weighed 4 grams. They melted at 175°C. (corr.). This is

somewhat higher than the melting point of 5-methyl-oxindole (which

was the product to be expected) given by Reissert and by

Wahl and and later by Stolle and his co-workersas

168°C. However the results of analysis indicate clearly that the

compound is 5-methyl-oxindole. It is soluble in water, alcohol,

acetone, benzene, ether, and glacial acetic acid.

Analysis:

Calculated for CgHgNO: Found

C, 73.43 73.26

H, 6.12 6.10

N, 9.52 9.65

30
Reissert and Scherk, 8er.,31, 393 (1898).

Wahl and Faivert, Ann. Chim., .5, 314 (1926).

Stolle, Bergdoll, Luther, Auerhahn and Wacker, J. Prakt.
Chem., 128, 1 (1930).
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Action of Barium Hydroxide on Hydantoin-

(5,3 ’)-s’-methyl-oxindole

Twenty-three grams of hydantoin-(5,3’)-s’-methyl-oxindole,

173 grans of barium hydroxide and 173 cc. of water were heated

for two days in an oil bath and the mixture then diluted with

water, treated with carbon dioxide and with dilute sulfuric acid

in the usual manner. The original barium carbonate residue gave

a positive test for the presence of oxalate. Since nothing sepa-

rated from the solution after the removal of the barium sulfate

it was evaporated to dryness on the steam bath and the residue,

which charred slightly, recrystallized from water. The purified

product, which weighed 4 grams, consisted of small, nearly color-

less needles and melted at 175°C. (corr.). A mixture of this sub

stance with 5-methyl-oxindole, obtained by the action of barium

hydroxide on hydantoin-( ’)-s’-methyl-oxindole, melted at the

same temperature. Likewise, the analyses agree with the formula

for 5-methyl-oxindole.

Analysis:

Calculated for CgHgNO: Found

C, 73.43 73.36

H, 6.12 6.18

H, 9.52 9.39
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Preparation of 2-Keto-6-methvl-l, 2,3, 4-tetrahydroquinoline-

4-carboxylic Acid

Eight grams of hydantoin-(A'’ ° )-s’-methyl-oxindole, 5 grams

of red phosphorus, and 50 cc. of hydriodic acid (sp. gr. 1.7)

were heated for seven hours at 150°C. The excess hydriodic acid

was then removed by diluting the mixture to 300 cc. with water

and steam distilling until the distillate no longer tested acid

to litmus. After the phosphorus was removed by filtration the

solution was treated with Norite, filtered and cooled. The product

separated as pale yellow needles which after recrystallization

were colorless and melted at 219°-220°C. (corr.). It dissolves

in sodium hydroxide solutions from which it is precipita/ted un-

changed by strong acids. The yield was 2 grams or of the

theoretical. It is soluble in water and in alcohol. Its melting

point is not changed by mixing with a sample of 2-keto-6-methyl-

-1,2,3,4-tetrahydroquinoline-4-carboxylic,2,3,4-tetrahydroquinoline-4-carboxylic acid of known purity.*

Analysis:
COOHiGH 3[ Y\ / \ / G 0

COOH
i

GH 3[ Y
\ / \ /G 0

*This compound was supplied "by Duff and Henze, its synthesis
being as yet unpublished.
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Decarboxylation of 2-Keto-6-methyl-1,2,3,4-

tetrahydroquinoline-4-carboxylic Acid

of
One-half gram/2-keto-6-methyl-1,2,3,4-tetrahydroquinoline-4-

carboxylic acid and 1 gram of finely powdered barium hydroxide

were mixed intimately in a porcelain boat and placed into a long

combustion tube. Carbon dioxide was passed through the tube and

that portion which contained the sample heated gradually. As the

tube became hot the decarboxylated acid distilled and condensed

in the cooler portion. The reddish brown solid was treated with

hot water a.nd dissolved after melting to a viscous liquid. The

solution was decolorized with Norite, filtered, and allowed to

cool. Fiber-like white needles of the 3-keto-6-methyl-1,2,3,4-

tetrahydroquinoline separated in small mats and were found to

melt at 114°-115°C. (corr.). This compares with the melting poimt

of 106°C. observed by Mayer, van Ziltphen and

Analysis:

Calculated for Found

N, 8.69 8.58

Preparation of Oxindole

For purposes of comparison oxindole was synthesized by the

34
method of Marschalk. Fifty grams of isatin and 500 cc. of water

33 Mayer, van Zlltphen and Phillips, Ber.
,

SOB, 858 (1927).
34

Marschalk, Ber., 4g, 584 (1912).
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were heated and 85 grams of sodium hydrosulfite added in small

portions. After boiling for twenty minutes the mixture was fil-

tered and cooled in an ice bath. Dioxindole separated from this

cooled filtrate after several hours and was found to melt at 168°C

(corr.). This is in agreement with the observation of Marschalk

but is in contrast to the melting point of 180°0. reported by von

Baeyer.

Thirty-three grams of the crude dioxindole were dissolved in

75 cc. of hot alcohol and the solution poured into 750 cc. of

water. Five grams of sodium bicarbonate were added and carbon

dioxide ns.ssed into the solution to prevent oxidation by the air.

The solution was cooled in an ice bath and agitated by a mechani-

cal stirrer. Three hundred thirty grams of 5$ sodium amalgam

were added in three portions and, after the reaction had ceased,

the mercury was removed from the separated needles which were

filtered off and recrystallized from water. The oxindole so ob-

tained melted at 127°C. (corr.). This melting point agrees with

that given by Marschalk. Other melting points reported for ox-

indole are 120°C. by von Baeyer,^8
123°0. by 126°0.

by Reissert.36
Thirty-three grams of the crude dioxindole weredissolvedin75cc. of hot alcohol and the solution poured into750cc.ofwater. Five grams of sodium bicarbonate wereaddedandcarbondioxide ns.ssed into the solution to prevent oxidationbytheair.Thesolution was cooled in an ice bath and agitatedbyamechani-calstirrer. Three hundred thirty grams of5$sodiumamalgamwereadded in three portions and, after the reactionhadceased,themercury was removed from the separated needleswhichwerefiltered off and recrystallized from water. Theoxindolesoob-tained melted at 127°C. (corr.). This melting pointagreeswiththatgiven by Mars chalk. Other melting pointsreportedforox-indole are 120°C. by von Baeyer,^ 8 123°0. by126°0.byReissert.36
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Preparation of Isatoxime

37
Isatoxime was synthesized by the method of Gabriel which

involves the treatment of a water-alcohol solution of isatin with

one mole of hydroxylamine hydrochloride and one-half mole of sodium

hydroxide. After two hours at room temperature the yellow solid

was filtered off and upon recrystallization formed long yellow

needles of melting point 202°C. (corr.).

37
~

Gabriel, Ber. ,16, 518 (1883).
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DISCUSSION OF THE RESULTS OF THIS INVESTIGATION

Correlation and Criticism of the Results of Hill

and Collaborators with Those of Kotake

Repetition of the experimental portion of the investigations

by Hill and his >yielded results in quite general

agreement with those recorded by them. However, for hydantoin-

(? ’)-oxindole a melting point of 281°-282°C. (corr.) with de-

composition was established in contrast to that of 276°C. recorded

by Hill, Schultz and Lindwall.

The condensation of isatin with, hydantoin in the presence of

a large excess of acetic anhydride was effected with the formation

of yellow crystalline diacetyl-hydantoin-(A )-oxindole as re-

22
ported by Kotake. In describing the preparation of this compound,

Kotake records that it chars at 245°C.; however, in this investi-

gation, following recrystallization of the compound from acetic

anhydride, it was found to melt with decompos.ition at 258°0. (corr.)

although some sintering took place at about 240°-245°0. It is to

be noted that in contrast to the directions of Kotake requiring

the heating for 10 minutes of the isatin, hydantoin, acetic anhydride

Loc. cit.
23

TLoc, cit.
2S

Loo. cit.
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mixture, it was found necessary to chill the latter as soon as

the reaction had started, in order to prevent charring. Further,

Kotake made no suggestion as to the positions in the molecule of

the two acetyl groups. Since hydantoin itself readily forms a

1-acetyl, but not a 1,3-diacetyl, compound and in as much as both

isatin and oxindole can be converted into the corresponding W-

acetyl derivatives, it is quite logical to attribute to the con-

densation product the structure of l-acetyl-hydantoin-( A 5

acetyl-oxindole (XIII).

0~ =0 co

k co ch3 *co*r nh

N.CO«CH
3

co

XIII

0 ~ =0 cok co ch 3 *co*r nhN.CO«CH 3 coXIII

Reduction of the diacetyl-hydantoin-( A S »’)-oxindole with

zinc and acetic acid led to a product melting at 248°C. (corr.)

1
Loc, cit.
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as compared to the melting point of 243°C. reported by Kotake for

this same substance. Concerning this reduction product Kotake’s

statement is extremely confusing in that, although the analyses

reported agree quite well with he concluded that the

analytical results indicated ’’representing no conceivable

formula.” Analysis of the compound actually obtained in this in-

vestigation indicated a composition corresponding to

i.e., a mono-acetyl-hydantoin-(5, 3 ’ )-oxindole. The formation of

a compound of such structure is entirely probable for in glacial

acetic acid solution complete de-acetylation is not probable. Fur-

ther, the action of alkali yields hydantoin-(5, 3’)-oxfhdole. For

a mono-acetyl-hydantoin-(5,3*)-oxindole two formulas appear pos-

sible, namely (XIV) and (XV):

(
//A\ CH HC CO OH HC CO

111 111
\ /

co H\
\z \ /

C° oH
s

oo\ NH

NCOCH 3 CO NH

XIV XV

Since H-acetyl-oxindole appears to be more stable than 1-acetyl-

hydantoin, it is more logical to assign the structure correspond-

ing to formula (XIV) to the compound under discussion.

When the directions recorded by Kotake for the hydrolysis of

hydantoin-(5, 3 *)-oxindole were followed explicitly the compound

obtained was ?-quinolone-4-carboxylic acid (confirming the result
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of Hill, Schultz and Lindwall) and not 2,3-dihydroxy-3,4-dihydro-

quinoline-4-carboxylic acid which Kotake claimed to have obtained.

The proof which the latter gave for attributing this structure to

the hydrolysis product was very inconclusive,being based merely

upon the analytical data and upon the conversion of its silver

salt into ca.rbostyril by destructive distillation. Since the

analytical data. represented by Kotake in the formula cor-

respond also to his product may actually have been

a hydrated 2-quinoline-4-carboxylic acid (other hydrated isomeric

ouinolone carboxylic acids are known). Such a hydrated acid should

likewise be converted, through destructive distillation of its sil-

ver salt, into carbostyril. Finally, Kotake T
s failure to record a

definite melting point for his reaction product, differing from

the melting point previously reported by Aeschlimann for 2-quino-

-lone-4-carboxylic acid, constitutes a serious hindrance to an ac-

ceptance of the structure formulated by him.

Comparison of the Chemical Properties of the Condensation

Products of Hydantoin with Isatin

and 5-Methyl-isatin

The action of barium hydroxide solution on hydantoin-(A s ’%')_

oxindole yielded a compound which melted at 127°C. (corr.). Analy-

sis of this substance indicated that its formula was CgHyNO. This

would reauire that during the hydrolysis not only had the usua.l

7
Loc. cit.
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hydrolysis of the hydantoin ring taken place but evidently cleavage

had occurred at the double bond, thus producing in addition to

ammonia and carbon dioxide a two carbon atom compound. This as-

sumption was confirmed by the identification of oxalate in the

original barium carbonate residue.

Since the hydrolysis product agreed in empirical formula,

crystalline form and melting point with these properties recorded

for oxindole, the latter was synthesized by the method of Mar-

schalkc ~ for purposes of comparison. The oxindole so obtained

melted at 127°C. (corr.) and an intimate mixture of it with the

hydrolysis product also melted at the seme temperature. Although

Marschalk, in 1912, correctly reported the m.p. of oxindole as

127°C., nevertheless the m.p. of 120°C. originally advanced by

von is that which is commonly recorded in the usual ref-

erence books such as International Critical Tables, Vol. I
r

1986.

Since the formation of oxindole from hydantoin-(>%1)-ox-

indole was so unexpected, further substantiation of this structure

was obtained by treating the hydrolysis product with a mixture of

sodium nitrite and glacial acetic acid and comparing the resulting

product with isatoxime, since the latter is known to be formed by

the action of nitrous acid upon oxindole. Isatoxime, obtained by

the interaction of isatin and. hydroxylamine, was found to melt at

202°C. (corr.) as recorded in the literature and its mixture with

34
Loc. cit.

28 T ..Loc. cit.
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the compound resulting from treatment of the hydrolysis product

with nitrous acid exhibited the same melting point.

Final proof of the composition of the substance, CgH?NO, was

sought in a comparison of the compounds resulting from the reaction

of bromine water with it and with oxindole of known purity. The

hydrolysis product gave rise to a substance which melted with de-

composition at 220°0.( corr.). Monobrom oxindole obtained by the

action of bromine water on oxindole also melted at 220°C. A mix-

ture of these two bromine derivatives likewise melted at the same

temperature. Since the melting point for monobrom oxindole re-

corded by von Baeyer was 176°C., or 44° below that reported here,

the action of bromine water on oxindole was carefully studied.

All attempts yielded the same monobrom product melting at 220°0.

Since the hydrolytic action of barium hydroxide on the con-

densation product of hydantoin and isatin led to such an unex-

pected result, it was decided to extend the study to the hydrolytic

cleavage of the condensation product of hydantoin and 5-methyl-

isatin.

The condensation of 5-methyl-isatin with hydantoin was ef-

fected with little difficulty and the resulting

s'-methvl-oxindole identified by analysis. After treating this

compound with barium hydroxide solution it was possible to isolate

a product which melted at 175°C. (corr.) and which exhibited the

physical properties of 5-methyl-oxindole recorded in the litera-

ture. Since the analytical data agreed with the formula for 5-

methyl oxindole, CgHgNO, and in view of the fact that the latter
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was the anticipated product, no further proof of its constitution

was deemed necessary. It is to be noted however, that the melting

point previously recorded in the literature for 5-methvl oxindole

was 168°C. S6 ’2 7
,
28

In order to continue the comparison between the hydantoin-

(A 5 ’*)_oxincole and hydantoin-(A S
>

’

)-s’-methyl-oxindole the

latter was reduced catalytically, with hydriodic acid alone and

with hydriodic acid in the presence of red phosphorus. Reduction

of hydantoin-(A 5 »)-5’-methyl-oxindole catalytically and with

hydriodic acid led to hydantoin-( 5,3 ’)-s’-methyl-oxindole which

was identified by analysis. Except for the fact that much larger

Quantities can be reduced by hydriodic acid in a single run the

catalytic method is superior in producing immediately a product

essentially pure. It was found that removal of the excess acid

by steam distillation of the reaction mixture, following the hy-

driodic acid reduction, gave a better yield and a purer product

than when removal was effected by evaporation under diminished

pressure as reported in the investigation by Hill, Schultz and

Lindwall. 13 In the latter case the residue obtained was black

and contaminated with iodine and reouired therefore considerable

purification before snow-white hydantoin-(5,3’)-s’-methyl-oxindole

was obtained.

26
TLoc. cit.

Loc. cit.
28 , . .

Loc. cit.

23
Op. cit., p. 772.
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The reduction by means of a mixture of hydriodic acid and

red phosphorus proceeded quite smoothly producing, as anticipated,

2-keto-6-methyl-1,2,3,4-tetrahydroquinoline-4-carboxylic acid.

The latter upon decarboxylation was converted into 6-methvl-

hydrocarbostyril whose structure is definitely established.

To complete the comparison between the hydantoin-isatin con-

densation product and the hydantoin-5-methyl-isatin condensation

product the reduction product of the latter, namely, hydantoin-

(s,3 *)-s’-methyl-oxindole was treated with barium hydroxide under

the same conditions as its lower homolog. The hydrolysis gave a

most unexpected result in that 5-methyl-oxindole was formed; hy-

drolysis analogous to that of hydantoin-(5,3*)-oxindole would

have yielded 6-methyl-2-quinolone-4-carboxylic acid. In order to

establish conclusively that only 5-methyl-oxindole is formed from

hydantoin-( 5,3 *)-s’-methyl-oxindole by the action of barium hy-

droxide, this reaction was repeated three times with exactly the

same result. The 5-methyl oxindole obtained in this manner was

identical with that resulting from the hydrolysis of hydantoin-

(A 5 *)-s’-methyl-oxindole.

Mechanism of the Formation of

2-Quinolone-4-carboxylic Acid

The mechanism of the formation of 2-quinolone-4-carboxylie

acid from hydantoin-(5,3’)-oxindole was stated by Hill, Schultz

and Lindwall to occur as follows:
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CH-HC CO CH- CH- COOH

111“* I NHo -*

k /CO HF FH

\/ \ /
QQ

FH CO
V

FH

COOH

/\ /X A
Z \ C=CH«COOH [ y TH

\ /A/ COOH -►
t >l/ CO

HH 2
'S

HH

This chain of reactions predicates the hydrolysis of the hydantoin

ring previous to the opening of the oxindole nucleus. The oxin-

dole amino acetic acid, thus formed, undergoes saponification of

the lactam group forming
v -(o-aminophenyl)- -aminosuccinic acid,

followed by deaminization yielding o-aminophenyl-fumaric acid.

Ring closure of the la.tter by dehydration produced 2-ouinolone-

4-carboxvlic acid. In several instances this suggested mechanism

does not appear to be consistent with the facts.

(1) The evidence upon which to base the assumption that

cleavage and decomposition of the hydantoin ring precedes opening

of the oxindole nucleus is extremely doubtful and none is offered

by Hill, Schultz and Lindwall;

(2) Assumption of deaminization previous to ring closure ap-

pears to be definitely erroneous in view of the formation of ox-

indole from hydantoin-
1

)-oxindole in the presence of barium

hydroxide. In the latter instance saponification of the hydantoin
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ring produces a derivative of the o-ami nophenyl- fumaric acid which

is hydrolyzed at the ethylenic linkage with loss of two carbon

atoms. It is more logical to assume that ring closure precedes

deaminization for the compound so formed is a y?-amino acid which

would be expected to lose ammohia when heated in the presence of

alkali. Further the extreme stability of 2-quinolone-4-carboxylic

acid towards alkali is worthy of note for after long continued

heating with barium hydroxide the acid is recovered unchanged.

Thus the ethylenic linkage of the cyclic compound differs markedly

in stability toward alkali, as compared with that of the open

chain derivative.

The mechanism of the formation of 2-quinolone-4-carboxylic

acid, in view of the evidence listed above, may be better formu

lated as follows:

/X /X COOH

( ) CH-HC CO / CH-HC-COOH

111- nh
2\ /CO HNx /NH I

HH CO

COOH COOH

/\ /\ /\
Y CH*HH 2

/ Y
X

°H

X/x /
QQ

\ / \'S
HH x/
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Mechanism of the Formation of Oxindole

C=C CO ///X \ CH-(FO) C CO111-* I I I\ /\\ / C 0 HIT \ ° \/ \ / C ° H!l \'' UH CO NH CO, OJJ| 2 + COp + NH_ + H. 0.0..kA CO 3 S 224'S NH

C=C CO
///X\ CH-(FO) C CO

111-* I I I
\ /\\ /C 0 HIT\ °

\/ \ /
C° H!l

\
'' UH CO NH CO

, OJJ

|
2

+ COp + NH_ + H.0.0..kA CO
3 S 224

'S
NH

Mechanism of the Formation of 5-Methyl-oxindole

The mechanism of the formation of 5-methyl-oxindole from hy-

dantoin-(&5, 3 1

)-5 ’-methyl-oxindole is the same as that for the

formation of oxindole.

In the conversion of hydantoin-(5,3 ’ )-5 ’-methyl-eoxindole

into 5-methyl-oxindole, following the opening of both the hydantoin
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/\ 7\ coonCH/ ) CH-HC CO OH„/ \-CH-HC-COOH"111-» 3 1 ,k A. /CO HN/ NH I AWH 2 2HH CO \/Z\ COOH /\CH„Z \-6=CH-COOH CH,/ \ CH„3 _> 3 | 2 .I .COx/ \/ ro

/\ 7\ coon

CH/ ) CH-HC CO OH„/ \-CH-HC-COOH
"111-» 3 1

,

k A. /CO HN/ NH I AWH2
2

HH CO \/

Z\ COOH /\
CH„Z \-6=CH-COOH CH,/ \ CH„

3
_>

3 |2
.

I .CO

x/ \/ ro
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SUMMARY

1. The experimental work of Hill and his associates, in-

volving the condensation of isatin with hydantoin followed by

reduction and hydrolysis of the compound so obtained, has been

repeated and, in general, their results have been confirmed.

2. The conflicting research of Kotake has also been repeated,

and, in part, correlated with the results of Hill and his co-

workers but, in part, shown to be in error.

To the diacetyl derivative of hydantoin-(A ’ )-oxindole,

for which Kotake suggested only an empirical formula, the struc-

ture as l-acetyl-hydantoin-(A^>3 ’)-K-acetyl-oxindole has been

assigned.

Although, due to his analyses, Kotake was unable to suggest

any composition for the compound obtained by the action of zinc

and. acetic acid upon diacetyl-hydantoin-(A s ’)-oxindole, its

structure has been proposed as mono-acetyl-hydantoin-(5,3’)-

oxindole.

Kotake 1 s synthesis of 2,3-dihydroxy-3,4-dihydroouinoline-4-

carboxylic acid could not be confirmed.

3. Catalytic reduction of the ethylenic linkage in the hy-

dantoin condensation products has been shown to be more satis-

factory than the usual methods of reduction employed by other

workers in this field.
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4. The alkaline hydrolysis of unreduced hydantoin-carbonyl

condensation products, has been investigated. The action of

barium hydroxide solution on the condensation products of the

isatins completely destroyed the hydantoin nucleus, but without

the formation of alpha amino acids, and reduced the isatin portion

to the corresponding oxindole.

5. Toward barium hydroxide hydantoin-(5,3 *)-oxindole and hy-

dantoin-CBjSO-S’-methyl-oxindole differ in their behavior, in

that the former is converted into 2-quinolone-4-carboxylic acid

and the latter into 5-methyl-oxindole. A mechanism for each of

these reactions has been advanced.

6. The melting point of monobrom oxindole, recorded as 176° C.

by von Baeyer, has been shown to be 220°-221°C. (corr.).
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INTRODUCTION

The great development in organic chemistry during the third

quarter of the ninteenth century, due to the introduction of the

fundamental ideas of structural formulas based on tetravalent

carbon, caused mathematicians as well as chemists to attempt

derivation of formulas permitting the prediction of the number of

structural isomers of given types. Thus, in 1875, the English

mathematician Cayley,
l

recognizing that the number of isomeric

paraffins of a given carbon content is dependent upon the number

of those of lesser carbon contents suggested a method intended to

calculate the number of such isomers. Although it was soon

realized that his formulas were inaccurate, certain of the totals

calculated erroneously by him still persist in textbooks of today

During the ensuing twenty-five years a more or less continu-

234 5 6
ous effort ’ ’ ’ ’ was made to correct Cayley’s formulas, but

without success. These continued failures seemed to have dis-

couraged further efforts for a time so that this problem had been

1
Cayley, Ber., 8, 1056 (1875).

2
Schiff, ibid. ,~8, 1542 (1875).

3
Hermann, ibid., 13, 792 (1880); 30, 2423 (1897); 31, 91

(1898).
■ Tiemann, ibid.,26, 1605 (1893).
3 Delannoy, Bull, soc. chiia., [3] 11, 239 (1894).
6

Losanitsch, Ber., 30, 1917, 3059 (1897).
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7 A
studied recently only by Trautz and David whose attempts were

also unsuccessful. Throughout this period of fifty-five yea.rs

the point of view seems to have been universally accepted that

the number of structurally isomeric substitution products of the

hydrocarbons was dependent upon the number of structurally iso-

meric hydrocarbons themselves, so that the successful calculation

of the latter must precede that of the former.

Exactly the converse point of view was employed by Henze and

Blair who, in 1931, were successful in accurately calculating the

number of structurally isomeric paraffin-monosubstitution products,

and from these the number of isomeric The method

utilized was dependent upon a separation of the isomers of each-

specified carbon content into types arbitrarily chosen upon the

basis of their structural formulas. The scheme for calculating

the number of isomers of each type depends upon the method of

forming their structural formulas. Mathematical formulas of the

(finite) recursion type were advanced which permitted the calcu-

lation, from their carbon content, of the number of such struc-

tural isomers.

This method has been successfully extended to the calculation

of the number of structurally isomeric hydrocarbons of both the

7
Trautz: .Lehrbueh der Chemie, Berlih, 1924, Vol. 111, p. 203.

g
David, Rev. gen, sei.

,
39, 142 (1928).

Henze and Blair, J. Am. Chem. Soc.
, 53, 3042 (1931).

10
Ibid., p. 3077.
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1 1 io
ethylene and acetylene series. The extreme usefulness, as

well as the fundamental correctness, of this method is attested

to by its successful adaptation to the calculation of the number

of stereoisomeric and. non-stereoisomeric an£ of

their monosubstitution products.

As a final test of the general validity of this method of

calculation it was decided to attempt to utilize the same to

count the number of disubstitution products of the paraffins,

since the replacement of two hydrogens in the formulas of the

isomeric paraffins by two substituents, identical or different,

seemed to include all possible types of substitution. The suc-

cessful employment of this method in this instance would seem to

indicate its further usefulness in the calculation of the number

of isomers of other polysubstitution products.

Finally it was recognized that most of the important sub-

divisions of compounds of the aliphatic series might be classi-

fied in such a way as to relate their structural formulas to the

monosubstitution and disubstitution products. The derivation of

such additional formulas as are needed to permit calculating the

number of structural isomers of such types, together with tables

recording the totals thus obtained, are included in this disser-

tation.

11
Ibid.• s§, 680 (1933).

12
Ibid., P. 252.

13
Ibid., 54, 1538 (1932).

14
—”

> P. 1098.
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THE NUMBER OF STRUCTURALLY ISOMERIC DISUBSTITUTION

PRODUCTS OF THE PARAFFINS CONTAINING

TWO UNLIKE SUBSTITUENTS

As far as the writer is aware, no formulas permitting the

calculation of the number of structurally isomeric disubstitu-

tion products of the paraffins appear in the chemical literature.

These disubstitution products are of two kinds: (1) in which the

two substituents are not the same, and (2) in which the

two substituents are the same, The present chapter is

limited to a treatment of the type in which the two substituents

are unlike. Consideration of the remaining type, which reouires

a different and more difficult treatment, is reserved for a sub-

sequent chapter.

In arriving at the formulas permitting the calculation of

the number of structural isomers of the type it is neces-

sary to recognize two groups: (A) in which the two substituents

-X and -Y are attached to the same carbon atom, and (B) in which

the two substituents are attached to different carbon atoms.

Those isomers classified in Oroup A may be further divided into

types, according to the kind of carbon atom with which the two

substituents are combined: (1) in which, to that carbon atom,

are attached two hydrogen atoms, ; (2) in which one hvdrogen
IT Y

Z
X

atom a.nd one alkyl radical, R-, are so attached, C ; and (3) in
H Y
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R
x z

x

which two alkyls, R- and R’-, are thus attached,
R»

X
Y

(1) Obviously type (1) is limited to the disubstitution

product of methane, of which, because of the equivalence of the

four valences of carbon in methane, there is but one.

(2) The structural formulas of the compounds included, in

type (2) are to be recognized as being formed bv joining an alkvl

x /X
radical, R-, of N- 1 carbon atom content to the 0 group.

H
XY

The number of such isomers is thus equal to the total number of

monosubstitution products of the paraffin hydrocarbons? of H - 1

carbon atoms, or

tM-1 a 2

where T^_n
is the total number of alkyl radicals containing Y - i

carbon atoms.

(3) The structural formulas of the isomers included in type

(3) mav be formed by attaching the alkvl radicals, R- and R l
-, to

\ Z
X

the group. The number of isomers that may be thus formed
\y

will eaual the total number of possibilities, without exception
x z

X
'

or repetition, of combining simultaneously with the C group
X
Y

every value of R- taken one at a time and every complementary

value of R’- also taken one at a time. These possibilities are

theoretically of two subtypes: (a) in which the two alkyl radi-

cals, R- and R’-, are of unequal carbon content; a,nd (b) in which

these are of equal carbon content. Subtype (b) is actually im-

possible with a disubstitution product of even carbon content.

Loc. cit.
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The total number of isomers of type (3) may be calculated by the

following (finite) recursion formulas according to whether the

carbon content is even or odd.

Even

tl* t (N-2) + T 2-T (N-3) +
••■

+ T (N-2)/2‘ Tjr/2 A 3

Odd

t1’ t (1?-2) ♦ t 2 ,t (N-3) +
•••

+

T(W-1)/2^1+ T(N-1)/21

Mote that the subscripts in each term add up to M -1, and that

the number of terms is (N-2)/2 for even carbon atom content and

(M-l)/2 for odd.

The disubstitution products classified in Group B may also

be divided into three types, according to the kind of carbon atom

with which one substituent, -X, is combined: (1) in which, to

that carbon atom, are attached two hydrogen atoms and a -C
nH2n

Y

group; (2) in which one hydrogen atom, one alkyl radical, R-, and

one -C
nH^n

Y group are so attached; and (3) in which two alkyl

radicals, R- and R’-, and one -C
nH£> n

Y group are thus attached.

(1) The structural formulas of the isomers of type (1),

X-CH^-Cn
H

?nY, may be formed from the di substitution products of

y
X

N - 1 carbon atoms, , by removing the -X from each

and attaching the ra(3-ical to the -CHgX group.

The number of isomers that may be formed in this way will equal
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the total number of disubstitution products of the paraffins

containing N - 1 carbon atoms, or

where represents the total number of disubstitution prod-

ucts, of IT - 1 carbon atoms, containing two unlike substituents.

(2) the structural formulas of the isomers in type (2),

0
, may be formed by joining an alkyl group and the

H
z XR X

x z
“ C radioed. to the group, where the carbon content of

H
the alkyl group plus that of the -C

n
H<>

n
Y radical always equals

N - 1. The number of structural isomers of this type may be

calculated by the following (finite) recursion formula:

Z Sm- T
i ®2

where m and j, are integers greater than zero, and m + i = M - 1.

The number of terms is N - 2.

(3) The structural formulas of type (3) may be further di-

vided into two subtypes: (a) in which the two alkyl radicals are

X
x z

C
n

H2nY

of different carbon content, 0
'

; and (b) in which these
R z X

R» X
x z

C
n

H2
radicals are of the same carbon content, 0

.
The formulas

R R

of the isomers included in subtype (a) may be formed by attaching

simultaneously to the X-C= group every value of the ~^
nH^n

Y group

15
taken one at a time and all complementary values of R- and R*-

also taken one at a time. The number of isomers of this subtype

is given by the following formula:

1
The values of R- and R’- complementary to -C

nH2n
Y satisfy

the relationship that the total carbon content of these three

radicals always equal H - 1.
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22 8 .T,-T. 3,
m 1 j

where m, i and j are integers greater than zero; m + i + j = N -1;

i)j. The number of terms of this type is (N-2)(N-4)./4 for even

carbon content and (N-3) /4 for odd.

The number of structural isomers included in subtype (b),

in which the two alkyl radicals are of the same carbon content,

is given without exception or repetition by the following formula:

1/2Z SrH-Ti-El+T.]

viiere m and i are integers grea.ter than zero; m + i=N - 1. The

number of terms of this type is (Y-2)/2 for even carbon content

and (M-3)/2 for odd.

The actual use of these recursion formulas may be illustrated

in the calculation of the number of structural isomers of

Sample Calculation

Type

A 2 ~ T(K-1) ~T
6

=l7

A 3 = Tr T5
+ T 2‘ T4 ♦

= I*B + 1-4 + 2’l+2 = 15
2

B 1 = S (N-1)
~S

6
=BO

B 2 = Sr T
5 + S 2- T4 + S 3’ T3 + S4’ t 2 + S 5‘ Tl

= 1-8 + 2’4 + 5’2 + 12’1 + 31-1 = 69

B 3
a

= SI' T4" TI + Sl’ T 3‘ T 2 + S2* T3’Tl + S 3' T 2* Tl

= I’4’l + I’2’l + 2’2’l + s’l’l = 15
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I+To I+T,

% - S2-T2 + S4 .Tr

= 2-1-(1+1) + 12-1-(1+1) = 14.

Number of Structurally Isomeric Disubstitution Productsof Formula C^ T h 2jj xyCa,rbon Number of Carbon Number ofcontent isomers content isomers1 1 11 10,6522 2 13 28,7603 5 13 77,9104 12 14 211,6245 31 15 576,2216 80 16 1,572,2207 210 17 4,297,7438 555 18 11,767,3489 1,479 19 32,266,85110 3,959 20 88,594,746

It should be noted that these formulas were derived solely
by adaptation of the theoretical considerations utilized in the
previous contributions of this series. Having made the calcula-
tions recorded in Table I, the respective totals of the series

to C7HI4XY were checked by actually writing and counting
the various structural formulas. The numbers so obtained agreed
exactly with those predicted by the above calculations.

Number of Structurally Isomeric Disubstitution Products

of Formula

Carbon Number of Carbon Number of
content isomers content isomers

1 1 11 10,652
2 2 12 28,760
3 5 13 77,910
4 12 14 211,624
5 31 15 576,221
6 80 16 1,572,220
7 210 17 4,297,743
8 555 18 11,767,348
9 1,479 19 32,266,851

10 3,959 20 88,594,746

Table I
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Summary

1. By means of a separation of the isomeric disubstitution

products of the paraffins containing two unlike substituents into

types, arbitrarily chosen on the basis of their structural formulas,

a relationship may be established between the number of such isomers

and the radicals of which the former may be considered to be com-

posed. Mathematical formulas of the (finite) recursion type are

advanced which permit of the calculation, from their carbon content,

of the number of isomers in each of these structural types.

2. In using these recursion formulas to calculate the total

number of isomeric disubstitution products of the paraffins of

any given carbon content, the total number of mono- and disubsti-

tution products of every lesser carbon content must be known.
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THE NUMBER OF STRUCTURALLY ISOMERIC DISUBSTITUTION

PRODUCTS OF THE PARAFFINS CONTAINING

TWO IDENTICAL SUBSTITUENTS

The preceding chapter presented formulas of the (finite) re-

cursion type permitting the calculation of the number of structurally

isomeric disubstitution products of the paraffins containing two

different substituents. Since the number of structurally isomeric

di substitution products containing two unlike substituents,

is greater than the number of those isomers in which the two sub-

stituents are identical, C„H„
T

X
O ,

the mathematical formulas already

advanced can neither be utilized as such, nor modified so as to

prevent repetition, in calculating the number of isomers of the

latter type. In the present contribution it is shown that the

structural formulas of the disubstitution products of the type

ma.y be classified into arbitrarily chosen types, such that

a relationship may be established between the number of isomers

and the radicals of which the structural formulas in each type may

be considered to be formed.

In deriving the formulas permitting the calculation of the

number of structurally isomeric disubstituted paraffins of the

type it is desirable to separate these compounds into

classes according to whether their carbon content is even or odd.
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Those isomers whose carbon content, M, is an even number are

further divided into two groups: (A) consisting of those whose

graphic formula may be divided into two parts of each;

and (B) the remaining isomers whose graphic formulas cannot be

so divided. Likewise, the disubstitution products whose carbon

content is an odd number are also divided into two groups: (A)

consisting of those isomers whose graphic formulas can be divided

into two parts, -C(n+l)/2H(M+I) x and -°(M-1)/2h (M-1) x 5 and

(B) consisting of the remaining isomers whose graphic formulas

cannot be so divided.

group A.

The graphic formulas of the disubstitution products of even

carbon content classified in group (A) may be formed by combining

two groups, obtained by removing the -Y substituent from

the formula of the disubstitution products of the paraffins,

XY ’ containing M/2 carbon atoms. The mathematical formula

for calculating the number of such possible combinations is

sW/2‘ ( I+sN/2)

where equals the total number of disubstitution products of

the paraffins,
1 *7

of M/2 carbon content, in which the two substitu-

ents are not the same.

The graphic formulas of the isomers of odd carbon content

classified in group (A) may be formed by combining the

See Table I, page 76.
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S (N-l)/3'^ 1 3 S (y+l)/2) ~ s (A ')3

S (N-l)/3'^ 1 3 S (y+l)/2) ~ s
(A ')

3
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Croup B.

Those isomeric disubstitution products, of both even and odd

carbon content, whose graphic formulas did not permit of classifi-

cation in group (A) are recognized as representing two possible

cases: (I) in which the two substituents are attached to different

carbon atoms; and (II) in which they are attached to the same car-

bon atom.

Case I.

The graphic formulas of the isomers in case (l) may be di-

vided into four types: (a) in which there is to be recognized

one carbon atom to which are attached one of the substituents, a

hydrogen atom, an alkyl radical, and a -C
nHgn

X group;
18 (b) in

which, to one carbon atom, there are attached one substituent,

two alkyl radicals end one ~C
nHgn

X group; (c) in which one carbon

atom is to be recognized to which are attached a hydrogen atom,

one alkyl radical and two ~c
r_R2nX groups; and (d) in which two

alkyl radicals and two -C
nH£> n

X groups are attached to one carbon

atom.

It is to be noted in the graphic formulas of the isomers in-
X

x z
R

eluded in tvpe (a), C , that the total carbon content of
H C

n
H 2nX

R- plus -C
n

Hr>
n

X is always eoual to M- 1. The number of isomers

1 8
The -O

nHpn
X groups may he obtained by removing the -Y sub-

stituent from the disubstitution products of the paraffins,
R "kke carbon content of the groups may not exceed (N-2)/2

if M is an even integer nor (Y-3)/2 if H is odd.
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of this type may be calculated by the following formula

zZI (^a )

where T. equals the total number of alkyl radicals" of i carbon
1

•'

atom content; m and i are integers, greater than zero; ra+l = 17-1;

m, for even carbon content, is never greater than (N-2)/2; m, for

odd carbon content, is never greater than (N-3)/2. The number of

terms is (17-2)/2 for even carbon content and (17-3)/2 for odd.

The graphic formulas of the isomers included in type (b) may

be further divided into two subtypes: (1) in which the carbon

\ z
OnH2nX

contents of the two alkyl radicals are different, 0 ;
Rz

and (2) in which the carbon content is the same, X
x

C
'

.

R Z X
R

In both of these subtypes the total carbon content of the two

alkyls plus that of the -C
nHgn

X group is always equal to IT - 1.

The number of isomeric disubstitution products of each subtype

may be calculated by the following recursion formulas for that

particular subtype:

Subtype (1). X Sm-Ti-T.j (lb x )

where m, i and j are integers, greater than zero; m+i+j = N-l;

i > j; m, for even carbon content, is never greater than (17-2)/2

and, for odd, never greater than (17-3)/2. The number of terms

of this subtype is as follows: (N-4) (377-4)/16 if 17/4 is an

integer; [3(17-3) 2
+ 4]/16 if (N-l)/4 is an integer; (17-2) (317-10)/16

if (17-2)/4 is an integer; and 3(N-3) 2 /16 if (17-3)/4 is an integer.

9
T -4.Log. cit.
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Subtype (2). 1/2 22 Sm* T
i

( I+TJ

where m and i are integers, greater then zero; m + 2i = N -1;

m, for even carbon content, is never greater than (N-2)/2 and,

for odd, never greater than (N-3)/2. The number of terms of this

subtype is as follows: N/4 if N/4 is an integer; (N-5)/4 if

(N-l)/4 is an integer; (N-2)/4 if (N-2)/4 is an integer; (N-3)/4

if (ft~3)/4 is an integer.

The graphic formulas included in type (c) may likewise be

further divided into two subtynes; (1) in which the ca.rbon con-

H
\ z

C
n

H
2n

X
tents of the two -CLHo-X groups are different, C

?

; and
R/ X'H 2n' X

x
C
n

H2nX
(2) in which the carbon content is the same, 0 In both

RZ \W
of these subtypes the total carbon content of the two -C

nH2n
X

groups plus that of the alkyl radical is always equal to N - 1.

The following recursion formulas permit of the calculation of the

number of structural isomers of each subtype:

Subtype (1). 2 Sm* Sn’ T i ( Icl)

where m, n, and i are integers, greater than zero; m+n+i = M-l;

m y n; m never exceeds (N~2)/2 for even carbon content nor

(H-3)/2 for odd. The number of terms of this subtype is (N-2)(N-4)/8

for even carbon content, and (N-3) (IT—5) /8 for odd.

Subtype (2). ’ Ti^ l+S

where m and i are integers, greater than zero; 2m + i = H -1;

m never exceeds (N-2)/2 for even carbon content, nor (N—3)/2 for

odd. The number of terms is (N-2)/2 for even carbon content and

(N-3)/2 for odd.
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The graphic formulas of the isomers included in type (d) may

be further divided into four subtypes: (1) in which the carbon

contents of the two alkyl radicals are different and in which the

two -C
n

Ho
n

X groups likewise differ from each other in carbon con-

/CnH2nX
tent, C ; (2) in which the two alkyl radicals are of

R 1 Cn iH2n
»X

unequal carbon content but the two X groups are of equal
p ri p y n 2n °
n.

carbon content, (1 ; (3) in which the two alkyl radicals
R ' w

are of equal carbon content but the two -C
nH2n

X groups are of un-

equal carbon content, CL
x J

; and (4) in which the two al-

R
z

C
n

.H2n ,X

kyl radicals are of equal carbon content and the two ~C
n

H2n
X groups

are of eoual carbon content, 0 .

R z "C
n

H2nX

Subtype (4) is actually impossible for isomers of even carbon

content, for in this subtype N - 1 should be divisible by two.

In each of these four subtypes the total carbon content of

the groups is always eoual to I- 1. The following re-

cursion formulas permit of calculating the number of structural

isomers of each subtype:

Subtype (1). 22 Sn>‘ S
n

,Ti- T j < ldl>

where m, n, i and j are integers, greater than zero; m+n+i+j = N-l;

m y n and i > j; m never exceeds (N-2)/2 for even carbon content

nor (N-3)/2 for odd. The number of terms of this type is as fol-

lows :

(N-4)(N® 7N + 8)/32 if N/4 is an integer;

(N-5)(N S
- 7ft + 14)/32 if (N-l)/4 is an integer;

(N—2) (II s
- 9N + 18)/32 if ($-2)/4 is an integer; and

(N-3)(Ns
- 9N + 22)/32 if (N-3)/4 is an integer.
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Subtype (2). Vi'T
j

(I+£U (ld2>

where m, i and j are integers, greater than zero; 2m+i+j = M-l;

i > j; m never exceeds (N-2)/2 for even carbon content, nor

(N-3)/2 for odd. The number of terms is (E-2) (N-4)/8 for even

carbon content, and (N-3)(N-5)/8 for odd.

Subtype (3). 1/2 8,,,- S
n

-T ± (H-T ± ) (ld3 )

where m, n and i are integers, greater than zero; nw-n+2i = K-l;

m y n; m never exceeds (E-2)/2 for even carbon content, nor

(N-3)/2 for odd. The number of terms of this subtype is as fol-

lows: E(N-4)/16 if N./4 is an integer; (N-5) 2 /16 if (E-l)/2 is an

integer; (K-2) 2 /16 if (N-2)/4 is an integer; and (K-3)(N-7)/16 if

(N-3)/4 is an integer.

Subtype (4). V222 Sm- Ti
,(l+S

m
)(l+T i ) (ld4>

where m and i are integers, greater than zero; 2m + 2i = N -1;

m never exceeds (E-3)/2. The number of terms is (K-3)/2.

Case 11.

The isomeric disubstitution products of the paraffins in

which both substituents are attached to the same carbon atom are

divided into three types: (a) in which, to that carbon atom,

there are attached, in addition, two hydrogen atoms, 0 ;
x

X

(b) in which there are attached to one carbon atom, in addition

to the two substituents, a, hydrogen atom and an alkyl radical of
R

x Z
X

N- 1 carbon content, C ; and (c) in which there are attached
E

x
X

to one carbon atom, in addition to the two substituents, two

alkyl radicals such that their total carbon content is always
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R
X /

X

equal to N- 1, 0 . Obviously, type (a) is limited to the
R» z x

X

disubstitution product of methane, of which, because of the equi-

valence of the four valences of carbon, there is possible but one.

The following permits of calculating the number of .

structural isomers of type (b):

(Ub)

where is the total number of alkyl radicals of IT - 1 carbon

atoms. The total number of isomers of type (c) may be calculated

by the following (finite) recursion formulas according to whether

the carbon content is even or odd.

R X / Xequal to N- 1, 0 . Obviously, type (a) is limited to theR» z x Xdisubstitution product of methane, of which, because of the equi-valence of the four valences of carbon, there is possible but one.The following permits of calculating the number of .structural isomers of type (b): (Ub)where is the total number of alkyl radicals of IT - 1 carbonatoms. The total number of isomers of type (c) may be calculatedby the following (finite) recursion formulas according to whetherthe carbon content is even or odd.

The actual use of these mathematical formulas may be illus-

trated in the calculation of the number of structural isomers of

formula

1Q
" The derivation of this formula and of those for calculat-

ing the number of structural isomers of types Tic and Tic 1 is ex-

actly analogous to the treatment leading to formulas A
7

and

Ajt respectively in the previous chapter.
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Sample Calculation

lib = T 6 = 17lie' = T]_-T 5 + T 3 -T 4 + Tg.(l+T 3 )/2 = 1-8 + 1-4 + 2.(1+2)/2 = 15.Thus, the number of isomers of the formula eauals 129.The following table indicates the number of theoretically pos-sible structurally isomeric disubstitution products of the paraffinscontaining two identical substituents, as calculated by the use ofthe recursion formulas.

lib = T 6 = 17

lie' = T]_-T 5
+ T

3
-T4 + Tg.(l+T 3 )/2 = 1-8 + 1-4 + 2.(1+2)/2 = 15.

Thus, the number of isomers of the formula eauals 129.

The following table indicates the number of theoretically pos-

sible structurally isomeric disubstitution products of the paraffins

containing two identical substituents, as calculated by the use of

the recursion formulas.

It should be noted that these formulas were derived solely
by adaptation of the theoretical considerations utilized in the
previous contributions of this series. Having made the calcula-
tions recorded in Table 11, the respective totals of the series

CHgXg through were checked by actually writing and count-

ing the various structural formulas. The numbers so obtained

agreed exactly with those predicted by the above calculations.
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Summa.ry

Number of Structurally Isomeric Disubstitution Productsof Formula CjyHg X_Carbon Number of Carbon Number ofContent Isomers Content Isomers1 1 11 5,9832 2 12 15,9763 ■ 4 13 42,8364 9 14 115,4695 21 15 312,2466 52 16 847,2517 ' 129 17 2,304,5228 332 18 6,283,3279 859 19 17,164,40110 2,261 20 46,972,357

Number of Structurally Isomeric Disubstitution Products

of Formula

Carbon Number of Carbon Number of
Content Isomers Content Isomers

1 1 11 5,983

2 2 12 15,976

3 4 13 42,836

4 9 14 115,469

5 21 15 312,246

6 52 16 847,251

7 129 17 2,304,522

8 332 18 6,283,327

9 859 19 17,164,401

10 2,261 20 46,972,357

Table II
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isomers in each of these structural types.

2. In using these recursion formulas to calculate the total

number of these isomeric disubstitution products of any given

carbon content, the total number of monosubstitution products of

the paraffins of every lesser carbon content as well as the total

number of disubstitution products, containing two unlike substitu

ents, of N/2 and all lesser carbon contents must be known.

3. The totals so obtained agree exactly through the disubsti-

tution products of decane, with the numbers reouired by

theory as tested by actually writing all of the possible structural

formulas.



CHAPTER IV

THE NUMBER OF STRUCTURAL ISOMERS OF THE MORE

IMPORTANT TYPES OF ALIPHATIC COMPOUNDS
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THE NUMBER OF STRUCTURAL ISOMERS OF THE MORE

IMPORTANT TYPES OF ALIPHATIC COMPOUNDS

It has heen that, hy separating the isomers of each

specified carhon atom content into types, arbitrarily chosen upon

the ba.sis of their structural formulas, and deriving mathematical

formulas of the (finite) recursion type for each, it is possible

to calculate the total number of structurally isomeric methanols.

It should be readily apparent that the number of structural isomers

of typical monosubstitution products of the paraffins, such as the

alkyl halides, mercaptans, sulphonic and sulphinic acids, is equal

to the total number of isomeric of the same carbon con-

tent. The fact that saturated aliphatic nitriles, isonitriles,

aldehydes, acids and amides may be considered to be monosubsti-

tuted paraffins is not equally evident; however, since these com-

pounds all contain one carbon atom in the functional group, the

number of their structural isomers is eoual to that of the iso-

meric methanols of one less carbon atom content.

The type formula of an ester, R^-COO-R., may be formed by

attaching to the -COO-group two alkyl groups Rj_- and Rj~. Hence

the number of structural formulas of isomeric esters of H carbon

atoms which may be thus formed is equal to

Loc. cit.
9

Ibid., p. 3045.
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T l- T j

where is equal to the total number of isomeric methanols of i

carbon content; i+j = H-l; and T
o

=l. The number of isomers

calculated by use of this formula appears in Table 111.

Since secondary alcohols upon oxidation are converted into

ketones, the total number of structurally isomeric ketones is

equal to that of the secondary of the methanols of the

same carbon content. Since the methyl ketones, CH3COR, are

9
Loc. cit.

Number of Structurally Isomeric Esters of the

Saturated Aliphatic Series

Carbon

Content

Number of
Isomers

Carbon
Content

Number of

Isomers

2 1 11 1,463

3 2 12 3,614

4 4 13 9,016

5 9 14 22,695

6 20 15 57,564

7 45 16 146,985

8 105 17 377,555

9 249 18 974,924

10 599 19 2,529,308

20 6,589,734

Table III
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typically more reactive than are their isomers, it is of importance

to record that the total number of such structural isomers is equal

t 0 T (N-2)‘

The type formula of an aliphatic ether, R-O-R 1 may be converted

into that of a secondary alcohol, R-CHOH-R* by the replacement of

the -0- group by the -CHOH- radical and in so doing the carbon

atom content is increased by one. Therefore, the total number of

structurally isomeric ethers of H carbon atom content is equal to

that of the isomeric secondary alcohols of the methanol series of

H + 1 carbon content. It is of interest to note that the number

of structurally isomeric “Simple” alkyl ethers is equal to

where Nis always an even integer. These sa.me relationships hold

true in the case of the thioethers, sulphoxides and sulphones.

The mathematical formulas for calculating the number of

structurally isomeric methanols were derived on the basis of =C-OH

as the functional group. By recognition of the fact that the ali-

phatic amines contain no carbon atom in their functional group,

it may be seen that the number of structurally isomeric pri-

mary, secondary and tertiary amines of a given carbon content

eoual the number of primary, secondary and tertiary methanols,

respectively, of one greater carbon atom content.

The type formula for the quaternary ammonium compounds,

is closely related to that of the tetra-alkyl

methanes, Formulas permitting the calculation of

the number of isomeric hydrocarbons of this type have already
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been and, with slight modification, serve to calculate

the number of isomeric Quaternary ammonium compounds. These

modified formulas are as follows:

Case (1)

where h+i+j+k = N; h, i, j and k are integers, distinct, and

greater than zero; h> i )> j > k.

Case (2) T i- T
j

,Tk*U + Tk)

where 2i+j+k = N; i, j and k are integers, distinct, and greater

than zero; j ) k.

Case (3) 1/6 TpTj-d + Ti )(2 + T t )

where 3i+j = N; i and j are integers, distinct, and greater than

zero.

Case (4) 1/24 + T
i
)-(2 + T

i
)i(3 + Tp

where 4i = H; i is an integer greater than zero.

Case (5) + T
-
1 + T >

where 2i + 2j = IT; i and j are integers, distinct, and greater

than zero; i> j.

The totals calculated by use of these recursion formulas are

recorded in Table IV.

10
Op. cit., pp. 3081-2.
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The several types of substituted aliphatic ureas may be

readily related to corresponding types of substituted ethylenes

by replacing the =N-CO-N= grouping of the former.with the =C=C=

grouping of the latter. In so doing the carbon content is in-

creased by one atom, hence, the total number of structurally

isomeric substituted ureas of N carbon atom content is equal to

that of the isomeric ethylenes of I + 1 carbon content. Of

course, the same relationship exists in the case of the thioureas.

The aliphatic acetals, RHC(OR 1 )0R H

,
and disubstituted ali-

phatic acid amides, R-CONR fR M
,

are obviously related to the

ethylene hydrocarbon type RHC=CR’R M ; however the carbon content

Number of Structurally Isomeric Quaternary

Ammonium Compounds

Carbon
Content

Number of

Isomers

Carbon
Content

Number of

Isomers

4 1 13 1,759

5 1 14 4,366

6 3 15 11,733

7 7 16 30,559

8 18 17 79,743

9 42 18 209,136

10 109 19 549,959

11 269 20 1,451,178

12 691

Table IV
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of the latter is one atom greater than that of similarly substi-

tuted derivatives of the former. The formulas for calculating

the number of structurally isomeric ethenes of the type cited

have already been derived.I 1 Therefore, the total number of

structurally isomeric acetals and of the disubstituted amides of

H carbon atom content is equal to the number of structurally

isomeric olefins, of fl + 1 carbon content, of this particular

type. The monosubstituted aliphatic acid amides, R-CONHR 1
, are

clearly related to the saturated aliphatic esters and the number

of such structurally isomeric amides is equal to that of the

isomeric esters of equal carbon content as listed in Table 111.

The great importance of the aliphatic hydroxy and amino

acids warrants mention of the fact that these are typical disub-

stitution products of the paraffins in which the two substituents

are different. However, since the functional carboxyl group con-

tains a carbon atom, the number of structurally isomeric acids of

these types will be equal to the number of structurally isomeric

disubstituted paraffins of one less carbon content as recorded in

Table I. The alpha substituted acids constitute the special type

corresponding to Group A in the classification in Chapter IT, but

their number is equal to the total number of isomeric acetvlenes

of one greater carbon cont ent.

The glycols are an almost equally interesting example of the

11
Op. - oit., pp. 681-2, Group 0.

12x

Op. cit., p. 253.
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type of disubstituted paraffins in which the two identical sub-

stituents cannot be attached to the same carbon atom.
.

The total

number of structurally isomeric glycols is eoual to the tota,l

number of all isomers included in Group A and in Case I of Group

B as outlined in Chapter 111. The actual number of structurally

isomeric glycols as calculated by use of the appropriate recur-

sion formulas is listed in Table V.

Finally, although the dicarboxylic aliphatic acids are ob-

viously disubstitution products of the paraffins in which the two

substituents are identical, nevertheless as a result of the fact

Number of Structurally Isomeric Glycols

Carbon

Content
Number of

Isomers

Carbon

Content

Number of
Isomers

2 1 11 4,994

3 2 12 13,550

4 6 13 36,791

5 14 14 100,302

6 38 15 273,824

7 97 16 749,326

8 260 17 2,053,247

9 688 18 5,635,266

10 1,856 19 15,484,532

20 42,599,485

Table V
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that the functional groups contain carbon the number of structurally

isomeric dicarboxylic acids is equal to the number of isomeric di-

substituted paraffins of two lesser carbon content.

Summary

The structural isomerism of the more important types of

aliphatic compounds, namely: acetals, acids, acid amides, alde-

hydes, alkyl halides, amines, amino acids, dicarboxylic acids,

esters, ethers, glycols, hydroxy acids, isonitriles, ketones, mer-

captans, nitriles, quaternary ammonium compounds, sulphinic acids,

sulphones, sulphonic acids, sulphoxides, thioethers, thioureas

and ureas, have been considered. For each of these types the

method of calculating the number of structural isomers has been

indicated.
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