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-INTRODUCTION

In 1866, Baeyer and Knop (1), in the course of a study of the struce
ture of indigo, reduced isatin and obtained two products, CgHyNOg and
CgHNpO (dioxindole and oxindole), which they regarded as hydroxy deriva=
tives of CgHpN; they nemed the latter 'indole', to show its derivation
from indigo. The work was continued by Baeyer and Emmerling (2), who

proposed in 1869 the formla whicz is generally accepted:

This structure was suggested largely as a result of synthetic methods of

preparation of the compound by fusion of nitrocinnamic acid with iron
filings and sodium hydroxide, and by the action of lead peroxide upon

azocinnamic acid.

A system of nomencleture was divised by Baeyer (3), and used by
Fischer (4), in order to differentiate the derivatives of indole. This
system was cumbersome, involving independent numerical designations for
each ring. Current practice is to use numbers, with the nitrogen atom
as 1, assignment of numbers to the positions in the formala as shown
above. The 2- end 3~positions are occasionally referred to s the o(-
and ﬁ ~pogsitions, respectively.

Indole derivatives occur widespread in many natural products.

Indole itself haa been obtained, ususlly in small amounts, by extraction

from naturally occurring materials by methods whiech suggest that the inw



dole so obtained is in many cases the result of breakdown of its deriv-
atives. Various plants have yielded indole, among them the following:

Robinia pseudacacia (5), the jasmines (6, 7, 8), certain citrus plants

(9)» and orange blossoms (10). The usual procedure is to extract the
blossoms repeatedly with a suitable solvent, followed by distillation of
the extract. In this way, Hesse and Zeitschel (10) obtained about 0.1
per cent of indole from orange-blossom oil, while Hesse (7) isolated

2.5 percent from jasmine. Herter (1l) also found indole in the wood of

Celtis reticulosa.

Indole has been isolated from the liver and pancreas (12), the
brain (13), and bile (14).

It is also found frequently after putrefactive processes have
taken place. It is found in the animal body wherever pus formation
oceurs (15), in the putrefaction of milk (16), of blood fibrin (17, 18,
19), of albumin (20), and possibly of vegetable protein (7). The form~
ation of indole is presumably the result of the decomposition of trypto=
phan in these cases of putrefaction of protein material. Formation of
indole from albumin may be stopped by the addition of lactose, but other
sugars have varying effects upon its production (21, 22).

Indole has also been isolated from coal tar, appearing in the
fraction boiling between 240° and 280° C. (23), from which it may be
isolated as its so0lid sodium or potassium derivative after treatment
with sodium or potassium hydroxide, or sodium amide. Homologues of ine
dole can also be obtained from coal tar (24). Molasses tar has also
yielded some of the base (25).

Indole was first prepared synthetically by Baeyer (26); he oxidized

indigo to obtain isatin, reduced the isatin to dioxindole using zinc dust,
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and further reduced oxindole to indole by passing its vapors over hot

zine oxide.

C-0H

v .

He also prepared it by reducing 2,3-dichloroindole to indole (27).
Indoxyl, reduced by sodium amalgam, by zinc dust and alkali (28),

or catalytically (29), yielded indole. Dihydroindole was obtained by

the electrolytic reduction of the sulfur analog of oxindole; this in

turn yielded indole upon being dehydrogenated (30).

’ ’cHz P sa i ICH2 Pﬁ ri
2 ~ ————-—-’
Cc=0 xylene ~ C=s Hg
o 5

H H

In the preparation of synthetic indigo by the method involving the

fusion of phenylglycine or its o~carboxylic acid with sodium hydroxide,
if the melt was ‘'over-melted' a small amount of indole was obtained
(31). This melt also yielded indole when a metal such as sodium or
iron was added at 300° C, (32). Vorlander and Apelt (28) obtained a
fairly good yield of indole by adding sodium amalgam or zinc dust to

the alkaline melt of indoxylic acid at 60~70° C,

More generally applicable methods of synthesis of indole and its



derivatives involve ring closures to form the pyrrole side ring. Among
these various methods, the Fischer procedure is the most versatile for
the preparation of derivatives. This method, discovered by Fischer and
Jourdan (33) in 1883, involves in general the loss of ammonia from
phenylhydrazones. Thus, the phenylhydrazone of pyruvic acid yielded

indole~2«carboxylic acid (34) and this upon decarboxylation gave indole:

7 ' ,COOH
+ CHpGQCOOH ————>= =0

OCH g

The Fiacher indole reaction fails, however, for the direct preparation
of indole itself. According to the general scheme of the reaction it
should be formed from the phenylhydrazone of acetaldehyde, but this is
not realized.

Other syntheses, which like the Fischer synthesis involve ring
closure by the reaction of a carbon group with the ortho position, are as
follows: Berlinerblau (35) employed aniline and 04,13-dichloroethy1
ether according the following scheme:

(C1CH2CHC10CoHs —= C1CH2CHO)
2CgHsNH, + ClCHpCHO— CgHZNHCH= CHNHCgH5 —>- indole
Also, Prud'homme (36) used a somewhat analogous procedure with aniline
and ethylene dibromide as the initial reactants:

CeHgNHCH,CH NHCgHy —Cr03 ... CgHSNHCH CHNHCgH5 —ZR..indole
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Polikier (3%) heated the dianilide of tartaric acid with zine chloride
to obtain indole; dianilinosuccinanilide was found as the first inter-
mediate. The calcium salt of phenylglyeine heated with excess of cale
cium formete gave indole in very small yield (38), the product being
isolated as the picrate. Distilling o-~chloro-wchloracetanilide with
zinc dust yielded small amounts of indole (39). Baeyer found that ine
dole was formed when vapors of ethylaniline were led through hot tubes
(40).

A rather large number of methods have been described in which ring
closure is accomplished by reaction of an alkyl group, attached to the
benzene ring in the o= position to a nitro group, an smino group, or a
substituted amino group. Gluud (41, 42) synthesized o-aldehydophenyl-
glycine and, by heating the compound in acetic anhydride containing
sodium acetate, effected ring closure and decarboxylation or-the inter-
mediate indole-2-carboxylie acid, Verley (43) treated N-aldehydo-o-
toluidine with sodium amide and obtained indole. The distillation of
oxal-o=~toluic acid with zine dust, or dry distilletion of the barium
salt, gave indole (44). Also, Nemethyleo-toluidine, dropped on re-
duced nickel at 300-330° C.,, produced small yields of indole (45, 46,
4%7); other alkyltoluidines (48) also yielded indoles.

A series of methods involving substituted cinnamic acids, styrenes,
stilbenes, and analogous compounds as starting materials are described
in the literature. ILipp's indole synthesis involves the heating of
o-amino= «chlorostyrene with sodium ethylate (49). Weermann (50, 51,

52) prepared indole by the use of o-nitro-cinnamide as follows:



o=NO0,C CH=CHCONH,, .
2 6H4 2 CHzOH

. —_ e
-NO. =
0=NO,,C H, CH=CHNHCOOCH CBLG00H

o=NHoCgHy CH=CHNHCOOCE; —ECH o indole

A quantitative yield of indole was reported when o,0'=diaminostilbene
hydrochloride was heated under reduced pressure (53, 54)s Baeyer and
Emmerling (2) and Beilstein and Kahlberg (55), prepared indole from
oe-nitrocinnamic acid. Reduction of o-nitrophenylacetaldehyde yielded
indole (51). Also, o-nitrophenylpyruvic acid has been converted into
indole~2~carboxylic acia (56, 57, 58), Pschorr and Hoppe (59) prepared
2-aminoindole from o«nitrophenylacetic acid; this was converted into
indole by reduction with sodium and aleohol. Indole may also be ob-
tained from o,w -dinitrostyrene (60, 61). Walter (62) prepared it by
treating acetylated osaminocinnamic¢ acid with fuming hyﬂrochloric acid
at high temperatures, Some indole is obtained from o~aminophenyl-
propiolic acid (63).

A variety of pyrogenic methods have also been reported. In some
of these cases rather strenuous treatment is involved, and for many the
yields are not good. In summary, however, the following examples are
cited: Morgan (64) provided one of the earliest syntheses of indole by
his fusion of carbostyril with alkali. Hofmann and Konigs (65) ob-
tained indole and quinoline from the highetemperature treatment of
tetrahydroquinoline or methyltetrahydroquinoline. Fusion of albumin
with potassium hydroxide yielded indole {66, 67, 68). Also, indole-2«
carboxylic acid (69), and quinoline-2,3-dicarboxylic acid (7D), when

heated with calcium carbonate gave indole. ZXetodihydrobenzene-p-



thiazine (71), with a red-hot mixture of zinc and copper powders yielded
some indole. Acetylene and aniline (72) passed over metallic or oxide
catalysts formed indole. Tileti (73) obtained indole by passing the
vapor of cumidine over hot lead oxide, and by distilling skatole over
hot porcelain chips. Widmann (74) distilled 3-nitro-4«isopropenylben-

zoic acid with lime and obtained a small yield of indole. Tripyrroline
(75) and pyrrole (76) have also been converted into indole.

Although the Fischer method may be applied indirectly to the preps
aration of indole, it finds its chief usefulness in the synthesis of
many and varied indole derivatives. The method is in itself very ver-
satile, but it is made even more general by the preparation of otherw
wise unattainable phenylhydrazones from diazonium salts by the method
of Japp and Klingemann (77, 78). In general, Fischer's synthesis may
be described as involving the elimination of ammonia from phenylhydra-
zones, and may be accomplished with the phenylhydrazones of most car-

bonyl compounds the structures of which allow ring closures to occur:

_COOH
N =C
INi-1ﬂ1-12+ CHZ(B’COOH —_— s “cr, —glc“f‘-’-
;1 OOH
H

In 1883, Fiacher and Jourdan (33) found that when they boiled the
methylphenylhydrazone of pyruviec acid with alcoholic hydrogen chloride,
they obtained a compound which analyzed for CIOHQOQN in about 5 per
cent yield. Tischer and Hess (79) investigated this compound further

and found it to be an indole derivative, formed as follows:



COCH

I
N

CH, CHg Ok

This work was continued by Fischer, who found that zine chloride was a
better catalyst for the reaction, allowing a wider range of applicability
(80). The procedure employed by Fischer may be described by eiting his
preparation of 2-methylindole; this he accomplished: by mixing acetone
phenylhydrazone with five times its weight of enhydrous zine cehloride,
and by heating the mixture to about 200°. A yield of 60 per cent of
Z-methﬁlindole was obtained. In an analogous menner, Fischer obtained

a 35 per cent yield of skatole from propionaldehyde phenylhydrazone (4).

Since the time of this early work a number of changes have been
introduced into the method, with improvements in the yields. Thus it
was found (34) that by the use of an inert solvent such as methylnaphtha
lene, and by keeping the temperature below 150°, escetone phenylhydrazone
gave & 75 per cent yleld of 2=methylindole, propionaldehyde phenylhydra-
zone an 80 per cent yield of skatole, and the phenylhydrazone of pyruvic
acid gave a 60 per cent yield of indole~2-carboxylic acid.

Also, the large amounts of zinec chloride used by Fischer were shown
t0 be unnecessary (8l), and other salts were found to be effective. The
reaction was found to proceed in the presence of 1 per cent of zinec
chloride; cuprous chloride, cuprous bromide, or platinum chloride, co=-
balt chloride, nickel chloride, etc. (82), may also be used. Besides
these, a number of other catalysts heve been employed: nickel, cobalt,

and powdered copper (82), concentrated sulfuric aclid (83, 84, $6), alco-

holie sulfuric acid (85) and alcoholic zine chloride (86). Grignerd



reagents have also been used (87),.

The ease of indole formation from the various phenylhydrazones

varied irregularly; with some, the reaction oeccurred extremely readily.

For example, Plancher (86) and Jenisch (88) found that the methylphenyl-
hydrazones of isopropyl methyl ketone and isopropyl phenyl ketone would
undergo ring closure even at room temperature in the presence of alcohol-
ie zinc chloride. Acetaldehyde phenylhydrazone would be expected to
yield indole, but this reaction did not occur. Phenylhydrazones of
/3-ketoesters more commonly produced pyrazoloneg:

Indole-3~aldehydes can be prepared from indoles having a replace-
able hydrogen at the 3wposition, by reaction with N-methylformanilide in

the presence of condensing agents suech as phosphorous oxyehloride

(89):
CH3 —CHO
| CeHsN=CHO __
. POC1 -
] ’
H H

Certain indoles will also undergo the Gattermann and Hoesch aldehyde
synthesis (80).

Indole~3-aldehyde was first obtained, along with harmaen, by Hopkins
and Cole (91) as a result of treatment of tryptophan with ferrie chloride,
Later, Ellinger (92, 93) prepared the aldehyde by treatment of indole
with chloroform and potassium hydroxide; 3~chloroquinoline was also obe
tained in this reaction. Boyd and Robson (94) effected its preparation
through the action of zine¢ cyanide upon 2«carbethoxyindole,

Skatole may be synthesized, by the Fischer method (95, 96, 83) from
the phenylhydrazone of propionaldehyde, from 3-nitrocumic acid (97), in-

digo (98), aniline and glycerol (99), and o-acetylanilidoacetic acid
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ethyl ester (100), as well as from other sources.

The Fischer method may be used for the preparation of Z2-methylin-
dole, employing the phenylhydrazone of acetone (4). Other methods of
preparation involved aniline and monochloroacetone (10l), dihydromethyl-
ketole (102), o-amidophenylacetone (103), and acetylated o-toluidine

(104).



PURPOSE OF THE WORK AND DISCUSSION OF RESULTS

In view of the fact that most of the syntheses reported in the
literature for indole and its derivatives suffer from being tedious,
complicated and, more often than not, productive of small yields, an
investigation was undertaken to £ind not only more direct intermediates
for the synthesis of indole, but such intermediates whose derivatives
might lead to physioclogically active and useful indole compounds; and it
was hoped that general reactions might be explored for the gynthesis of
a series of such compounds for pharmacological study.

A casual remark suggested that benzyl cyanide may be hydrogenated to

the imine which in turn may be readily hydrolyzed to phenylacetaldehyde.

CoBCHCN —28>  CgHiCH,CH NH —Ola  G.H CH,CH—O
A study of this reaction showed that it is simple to perform, proceeds
smoothly, and the products may be easily isolated. Once it had been es~
tablished that this reducetion of a c¢yanide to the aldehyde is possibdle,
it was felt that if o-nitrobenzyl cyanide were hydrogenated in a similar
manner, indole would be obteined. The steps of the expected hydrogenation

are shown:

CH,CN Hp CH,CHO ~,0
NHp
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F

In a similar manner substituted o-nitrobenzyl cyanides would be ex~-

pected to form the corresponding substituted indoles:

T NO,

With this in mind, numerous syntheses were sttempted with an eye to pre-—

ga”

paring o-nitrobenzyl c¢yanide. All methods of direect nitration of benzyl
cyanide failed to produce the o-nitro derivative in quantities sufficient
for further investigation. Treating o-nitrobenzyl chloride with potassium
cyanide gave no o-nitrobenzyl cyanide, although Bamberger (105) indicated
that small yields may be expected; the reaction proceeded according to

Bamberger to give mainly a condensation product with either one of the

structures shown below:



—-NO, ~NOz

~CH,CN

CHy or CHg

NOg

—NO2

An attempt was made to prepare 2,4~dinitrobenzyl cyanide by direct
nitration, and use it in these reasctions to obtain an aminocindole. Howe
ever, vigorous nitration caused hydrolysis of the cyano group to care
boxyl, and 2,4-dinitrophenyl acetic acid was the only reaction product
isolated.

Since all indications were that the preparation of o~nitrobenzyl
cyanide in large quantities was gso difficult as to be impractical, =
different approach was investigated.

The synthesis of ﬁ wcyano ketones, esters and nitriles through the
action of potassium isocyanide on the corresponding 04/3 -ethylenic ke~
tones, esters and nitriles is a general reaction. It proceeds through
the formation of enolates, or iminolates, by l,4-addition of potassium
isocyanide to the conjugated system of the unsaturated compounds, the

metal uniting with carbonyl oxygen or cyano nltrogen,
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0
1 P =0K
_ ~0CH, —ca-c” C\OCH
CE=C -+ ENC —_— on cooc °
%“QCHS COOCHgz
0
COOH
,QH-CT{
_HCe CN SCOOH

HC1

In 1937, Michael and Weiner (106) reported their investigations ine
to the mechanism of this reaction, using dimethyl benzalmmslonate. By
treating this compound with potassium isoecyanide, they were able to obe
tain quantitative yields of the potassium enol fPwcyanobenzylmalonic es-
ter., Acidification of the latter resulted in a yield of 100 per cent of
ﬁ-cyanbenzylmalonic ester. Methyl benzalcyanoacetate also was found to
follow the above reaction quantitatively.

Benzalmalonic ester contains a malonic ester group, without the es-
sential «~hydrogen necessary to yield en enolate; the carbony} oxygen of
a carbomethoxy group has, however, a developed ai’ﬁnity for thg gslightly
neutralized potassium atom of the isocyanide and a strong attraction ex-
ists between it and the reaspective, unsaturated oxygen. HFurther, the
P-unsaturated carbon of the ester shows the necessary free chemical en-
ergy and affinity, i.e.,, the chemical potential, to unite with the cyano
group. The first formed, éyclic, polymolecule passes over into the

f=cyano enolate:
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H ’ OOCH
~C =—= C-COOCH -E..c/c 3
* 3 _— N

| “c~0CH3

NCK * 0=C-OCH, - K

The P-unsaturated carbon has a far more developed affinity for the carbom
than the nitrogen of the addendum and the introduction of the decidedly
negative cyano group leads to a far better neutralized enolate than
would 'the basic isocecyano group.

Fumaric ester, citraconic ester and benzalacetophenone gave the ex-
pected addition product but the reaction proceeded further, forming com-
plicated condensation products.

Michael's spparent success with this addition reaction led to the
thought of a procedure for preparing indolelacetic acid by catalytiec re~
duction, The plazi was 0 prepare the o~ nitro derivative of P-c'yano-
benzylmalonic ester and form the indole nucleus by similtaneous reduc-—
tion and condensation of the nitro and c¢yano groups. Hydrolysis and de-

carhboxylation of this compound would give indoleZacetic acid.

_ COOCHg
—CHO C (COOCH, ) —CH=0{
H, CHsla COOCH, KNC
NCo pyridine NO,
COCCH
_g o R
[ Nc.0oCH —HCL N Co0CH. 2
N o 2 &w < Pa
N N
N02 NOZ
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H ,COOCH;

I
—CZ ~C0O0H
(oo e |
Y N

If this could be eccomplished, it was felt that the possibility of
preparing tryptophan in like manner was not too remote., Here it is :nec?-
essary to condense o~nitrobenzaldehyde with methyl pyruvate, follow this
with the Michael eondepsation, production of the ketoxime, hydrogenation

to form the indole nucleus, and hydrolysis to tryptophan.

t
GH=CH—E—COOCH5

_CHO g
H,CC-C00CHg e
H If 0
/é:E;-NCHZ-G-COOCHB G =CHy=E~COOCH,
H,NOH CN o= Ho —
02 i 4’

—NO 2

i xS
]
CH _(l‘,-COOCH CHo=C=C0CH
2 3 2
Y, Ho0 w NH,
-
[}
H

In order to become familiar with these reactions the work of Michael

was repeated in the course of the present investigation and his results

were substantially duplicated. By allowing potassium isocysnide to re-
act with dimethyl benzalmalonate, as described by Michael, a guantitative

yield of potassium enol Pacyanobenzylmlonic ester was isolated. TUnfor-
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tunately, as discussed later, it was found that the reaction is not so
general as Micheel's report would lead@ one to believe.

For the synthesis of dimethyl o-nitrobenzalmalonate, o-nitrobenzal-~
dehyde was desired.

Although there are, in the literature, a variety of methods for the
preparation of o-nitrobenzaldehyde, all report small yields. The aldehyde,
besides being extremely sensitive to heat, light and ailr, also undergoes
autooxidation. This instability makes its isolation most difficult. Of
all the syntheses carried out during these investigations, none yielded
o-nitrobenzaldehyde in significant amounts.

Therefore, in the hope that a more steble compound would be formed,
m=bromo-o~-nitrobenzaldehyde was prepared. The presence of hromine in the
molecule was felt to be of no disadvantage, as it would be expected to
split off during the catalytic hydrogenation (Cf. 107). No difficulties
were encountered in the synthesis of this compound. However, all attempts
to form the Knoevenagel condensation product with malonic ester proved to
be unsuccessful.

In preliminary experiments to test the application of the mﬁchael
condensation to the compounds concerned here, it was found that apparent-
ly the reaction is not so general as is indicated in Michael's report
(106). Methyl cinnamate and methyl o-nitrocinnamate apparently reacted
as was to be expected when the usual conditions were observed. Although
it appeared that in each case the potassium enolate could be obtained,
the subsequent acidification invariably led to the isolation of the ori-
ginal material, with the liberation of hydrocyanic acid. It appears
that the cyano compounds, if formed in these casea, are quite unstable,

in the presence of acids., Thus, it would seem that there are limitations
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to the reaction which are not at first obvious to the investigator.

In a study of the action of quaternary ammonium salts containing a
benzyl group on sodium derivatives of acetoacetic ester and malonic es-
ter, Sunyder et al (108) found, contrary to the previous literature,
that carbon-alkylation occurs. Sodiocacetoacetlc ester reacted with
benzyldimethylphenyl ammonium chloride in bolling ethanol to produce
about 60 per cent yields of crude ethyl «wbenzylacetoacetate, Under the
same conditions the sodium derivative of malonic ester reacted with the
salt to give a yleld of about 40 per cent of diethyl benzylmalonate.

The reactions probably proceed by an ioniec path.

+ -;7
~CHoN(CHz) 2 —O @N (CHz) o CHp
D +
— CH5CH (COOCHs ) 5
CH(COOC2HS) 5

Gramine, 3=-dimethylaminomethylindole, can be prepared readily from
indole, (109), and it is converted easily to quaternary ammonium salts,
suceh as the methiodide, By condensing gramine methiodide with sodio-
malonic ester, subsequent hydrolysis and decarboxylation Snyder was able

to obtain P-(&-indole)-propionic ecid in good yields.

CH
/O3 +/CH;
CH,I E I
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COOCZHS  COOH
~CHaCH ~CHsCH
w o002 ' "\COOH -~
He0 ~C0p
)
H H
‘ — CH,CH,COOH

H

The high yields obtained in these reactions suggested to Snyder
and Smith, (110), that dl-tryptophan might be prepared by condensation
of gramine methiodide with an alkali derivative of an acylaminomalonie

ester. By using ethyl sodioacetaminomalonate the yield of tryptophan,

based on indole, was about 45 per cent.

AHz
—cHp-N| | — :
| + cH0 + (cHg)oNH — \ CHz CHgl
H

COOCoHy
- —CHp=C=CO0CgHs __ >
RCONHC (COOC oH pNa w “NHCOR  H,O
[
H
/COOH
2 —CHy~G=COOH - . — CHy-GH-COOH

| “NHCOR -C0, w NHCOR Ho0
\ ]
H

—CH,~CH~-COCH
NH,,
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Sim)taneously Albertson et al (11ll), reported the use of acetamido-
and benzamidomalonic estera, obtaining an over-all yield of 35 per cent
based on indole,

During an extended investigation of carbon alkylation with gramine
methiodide, Howe et al (112) observed thet gramine condenses with malon-
ic ester to yield ethyl o(~carbethoxy- [B=(3-indole)-propionate in mch
the same way as the methiodide condenses with sodiomaloniec ester. This
observation prompted the study of the condensation of gramine with acete
aminomalonic ester. Although Mannich bases ([3-dialkylamino ketones)
have been condensed with f~keto esters in the presence of sodium ethox-
ide in ethanol (113) unsatisfactory yields of ethyl g(-acetemido-¢g{ -
carbethoxy- 3 -(3-indolyl)-propionate were obtained from gramine and
acetaminomalonic ester with the same condensing agent., Better yields
were obtained when the reactants were heated to 165° or when solutions
of the reactants in pyridine or dioxane were heated to bvoiling. The
presence of a small amount of a basie catalyst such as sodium methylate,
sodium carbonate or sodium hydroxide was beneficial. The best results,
90 per cent, were obtained when the reactants were refluxed in am inert
solvent such as toluene, dioxane or xylene in the presence of & small
amount of powdered sodium hydroxide. With these modifications the overw

all yield of dl-tryptophan from indole was 66 per cent.

c ONHCH (C0OC CO0C Hs o CHz
R_cﬂzqﬂ/ g CH,CONHC (e 235)%,, R-Cﬁ/GOOC Hy  NZ
~ ™~

CH QQG"-I5 CHy

It has been found by Albertson et al (1ll4) that it is unnecessary

and undesirable to use gramine methiodide in the condensation. When
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ethyl iodide was added slowly to a warm solution of gremine and ethyl
sodloacetamidomalonate in absolute ethanol, the desired product was
isolated in a yield of 73%. Since it was possible to recover 16% of
the gramine in a state of purity suitable for re~use, the yield based
on the consumed Mannich base was actually 86 per cent. Furthermore,

the reaction in dry ethyl alcohol was over in about seven to eight hours
whereas the dioxane procedure required about thirty~six hours for com=
Pletion., Saponification of the ethyl « -acetamido- g({-carbethoxy-

P ~(3-indolyl)~propionate to the free dicarboxylic acid was quantita-
tive. Simmltaneous decarboxylation and deacetylation gave a yield of
dl-tryptophan of 61 per cent which is not as good as was realized by the
alkaline degradation of the ester as reported by Snyder,

When the less expensive methyl sulfate was substituted for ethyl
iodide in the above condensation, the yield was 72 per cent with a 10
per cent recovery of gramine,

Since dimethylalkylamine, a product of the reaction, forms gquater-
nary salts with the alkylating agents, the gramine is incompletely con-
verted to the methosulfate or ethiodide. When two moles of methyl sul-
fate are used, the demands of both the volatile and Mannich base are
satisfied and the latter then reacts completely. When this technigue
was followed the reaction was over in four hours at room temperature
end the yield of ethyl « -acetamido-o{-carbethoxy- P-(swindolyl)-propi-
onate increased to 95 per cent.

The ettempt also was made to carry out the synthesis of the amino
acid with ethyl benzamidomalonate but the ylelds in some of the steps
were 80 low as to render the procedure impractical.

This work prompted the idea of using, instead of an acylaminomalonic



22

ester, the benzyl- or dibenzylaminomalonic ester, thus obviating the
hydrolysis of the acyl group. In order to alkylate aminomalonic ester,
it is necessary to block the amino group to prevent any possible reac-—
tion between it and sodium. Therefore, dibenzyl amine mmist be used, as
the monobenzylamino derivative would not satisfy this conditidn. Al-
though there is every indication the reaction between bromomalonic egw-
ter and dibenzyl amine should yield dibenzylaminomslonic eater, it was
found that the reaction does not proceed as expected, but that apparent-
ly unsaturation oscurse, Even though a quantitative yield of dibenzyl
amine hydrobromide is obtalned when twice the theoretical amount of di-
benzylamine is used no dibenzylaminomalonic ester can be isolated, and
the reaetion producet responds pogsitively to tests for unsaturation.
This interesting observation was not further investigated.

However, if malonic ester is first alkylated and then brominated,
a compound is obtained which can be treated with monobenzyl amine to
produce the alkyl derivative of benzylamino malonic ester. In this
cagse, the substance in question does not undergo unsaturation, and one
of the amino hydrogen atoms remains free. Benzyl-benzylamino-malonic
easter was prepared according to this method, and the benzyl group then
was removed by catalytic hydrogenation (Cf. 115). Saponification of the
reduction product gave benzylaminomslonic acid. Mattocks (116) prepared
p-nitrobenzylaminomalonic acid by this method. From the ease with which
these reactiona occur, it appears that this may well be a general method
of preparation of those amino acids whose carbon nucleus is unaffected
by brominatione

COOH
The alkylated aminomalonic acids of general structure, R«C-COCH,

2
should prove of considerable interest to the chemist interested in pro-
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teins and amino acids, for on selective or asymmetric decarboxylation

they should open up a means to the synthesis of either the d- or the

leseries. E. g.,

COOH ///////4’ J
l=series

HgN CO0H

———2CO00H

deseries

Such asymmetric decarboxylations have been tried without much success
in the laboratory, but enzymic decarboxylases appear more encouraging.
Feeding experiments with mealonic acids, analogous to the essential amino
acids, ought to give a clue to their biological availability and value,
Indole and compounds containing the indole nucleus are extremely
gsensitive to the action of mineral acids, polymerizing to tars almost
immediately. This sensitivity is borne out by the attempt of Smith and
Sogn (117) to prepare tryptophan from ethyl & -keto-cyclopentanone
carboxylate. This was coupled with diazotized aniline. The azo com~
pound obtained was subjected to hydrolytic cleavage whereby the phenyl-
hydrazone of ethyl hydrogen <-keto-adipate resulted and action of acid
‘on the latter caused a Fischer indole synthesis to occur with production

of ethyl ﬂ-42-carbethoxyuindole-3)~proPionate. This diester was hydrol-

yzed by action of alkali to the diacid, which was decarboxylated and the



product esterified to ethyl ﬁ -(3-indolyl)-propionate. The ester was

readily carbethoxylated to ethyl of -ca.rbethoxy-ﬁ =(3~indolyl)-propionate.

CH,

, ,CHy_
Qo C[ cng COOH
. CgHsNoC1 HCL
COOCH, = N-C%H;S CHp—— §=N-NH-CgHg
‘coocy COOC2H;
‘ CHoCH5COOCoHs CH5CHpCOOH
NaOH ~CO
———+
—CO00C Hy w COOH —E—
H H
S, CHLCO0H CHgCH,COOC o H,
¢ H-OH
w IZIHZO > w ekl

w CH,CH(COOCHy ) 5,

[}
H
Bromination of this compound, in various solvents, and in the pres-

ence of potassium acetate as a buffer, led to no definite bromo compound.
The bromine reacted readily, and hydrobromic acid was evolved, but the
removal of the solvent left a residue of an oil which could not be crys-
tallized, nor could this crude bromo compound be aminated by action of
ammonia. The produet was an olly substance, often colored, from which no

solid material could be obtained. Attempts to hydrolyze the bromination

product by action of acids led to mothing but black, tarry meterial,
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Attempts were made by Smith and Sogn to alkylate phthalimidomaloniec
eater with [3achloropropionic aldehyde acetal. It was hoped that the
phenylhydrazone of the resulting aldehyde compound would, by a Fischer
indole synthesis, lead directly to dl-tryptophan. However, no alkyla-
tion could be achieved; éither no reaction at all ocecurred, or else the
reaction mixture developed dark spots which rapidly spread throughout
the mass and only terry decomposition products resulted,

In view of the successful method of alkylation of acylamidomalonic
ester developed by the investigations of Snyder, Albertson, and their
coworkers, as described, the questlon arose whether during the alkyla-
tion of aminommlonic ester the amino group may not be eguelly well
protected by formation of a Schiff's base, TFor this purpose the benzal-
amino intermediate should prove most valuable, since one would expect to
remove it by catalytic hydrogenolysis (Cf. 115) under conditions which
should not affect the stability of the indole nucleus.

In order to test the practicability of this route, malonic ester
was treated with benzaldehyde in benzene solution to form the Schiff
base. This was isolated as an oil, and without further purification, was
alkylated with benzyl chloride. The benzyl-benzalaminomalonic ester so
obtained was then subjected to catalytic hydrogenation during which 81
pér cent of the calculated quantity of hydrogen was taken up. The re-
action product was saponified and decarboxylated, yielding a solid whose
N«benzoyl derivative melted somewhat lower than that previously reported

for phenyl alanine (118). The reactlions involved are illustrated below:
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cOOC
/
CHO COOCH, CHNeCh 2
+ ‘ ~
HoN-C_ —— COOC,Hs
H COOC5Hs

/00002H5 /COOCgH5
. CHg=(-0000zHs CHp=G=CO0C  H,
—CeHsCH2CL N=CH=C
Na+ CoHsOR 6t —2— MHy
_ COOH
CHyp=G<CO0H CHg~CH-300H
___KOF HC1 NH,, ~CO, NHp,

A similar alkylation, using gramine, as described by Albertson et

gl {114) was attempted, but in the limited experiments performed on
this reaction, the results were negative, and insufficient intermediates
did not permit further investigation. Despite this, it is believed that
the encoursging results obtained using benzyl chloride as the alkylating
agent indicate that an intenaive study of the reaction conditions has
possibilities of solving the problem and adding another wvariation to the

synthesis of amino acidse.
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EXPERIMENTAL

Preparation of catalyst

To 3 gm. of Norite or bloocd charcoal was added 0.3 gm. of palladium
chloride crystals and this mixture was shaken in an atmosphere of hydro=
gen until saturated. The solution was filtered and the palladinized
charcoal was washed successively with water and alcohol. The catalyst

was dried in a vacuum desiccator over sulfuric acid before use.

Preparation of benzyl cyanide

Benzyl cyanide was prepared according to the directions of Adams

and Thal (119), as follows:

CeH;CH,C1+ NaCN 021:22‘;‘ —~  CgHsCH,CN + NaCl

Into a one liter round-bottomed flask, fitted with a sﬁopper holding
a reflux condenser and a seperatory funnel, were placed 100 gm. (2 moles)
of powdered sodium cyanide (96-98% pure) and 20 ce. of water. The mix~
ture was warmed on a water bath in order to dissolve most of the sodium
cyanide, and then 200 gm. (l.6 moles benzyl chloride (b.p. 175~180°) in
200 gm. of 95% ethanol were added through the separatory funnel in the
course of one=half to three-quarters of an hour. The mixture was then
heated under & reflux condenser on the steam bath for four hours, cooled,
and filtered with suction to remove most of the sodium chloride. The
Piltered salt was weshed with a small portion of alcohol in order to re-

move eny benzyl cyanide which may have been mechanically held.

The liquid wes then transferred to a one liter distilling flask,

eand as mach alcohol as possible was removed on the steam bath. The resa-
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idual liquid was steam-distilled, condensing in the distillate as a
heavy, pale yellow oil, The distillate was cooled, extracted with ether
to remove all of the benzyl eyanide, and the ethereal solution was dried
over anhydrous sodium sulfate. The ether was distilled off on a water
bath, and the remaining benzyl cyanide was then distilled through a
fractionating column, boiling at 155-140° at 38 mm. A yield of 121 gm,

was obtained, corresponding to 65% of the theoretical,

Catalytic hydrogenation of phenylacetonitrile

H
CgHzCHoC= NE ———  CgH5CH,CHO

CeH5CHoCN
Pd

The hydrogenation of benzyl cyanide was run with 6 gm. (0.051 mole)
of benzyl cyesnide, 36 cc. of alcoholic hydrochloric acid (0.1 gm./cc.)
and the 10% palladium-charcoal catalyst (prepared as described on page
27) in a total volume of 150 cc., of 70% ethanol. The catalyst was
freshly prepared, and not thoroughly dried. A total of 1120 cc. (half
of the amount calculated to reduce the benzyl cyanide completely to
phenethylamine) of hydrogen was taken up within four hours, when the hy-
drogenation was discontinued,

The catalyst was filtered from the alcoholic mixture, snd the al-
cohol was removed by distillation under reduced pressure. The residual
liquid was steam~-distilled., The colorless oil eppearing in the distill-
ate was extracted with ether, the ethereal solution was dried over an-
hydrous sodium sulfate, and the ether was then distilled off, leaving
3.5 gm. (58% theory) of a colorless oil, with a rose-like odor.

The oil was distilled under reduced pressure, b. 85°/10 mm. (120)
and the 2,4~dinitrophenyl hydrazone was prepared, m. 118°, From these

data it was established that the product was phenyl acetaldehyde.
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Catalytic hydrogenation of o —phenylpropionitrile

The o-phenylpropionitrile was obtained through the courtesy of

Dr. Louise Kelley of Goucher College.

Hg
0635?301\: = 06H5('3HCH= NH o 05H5?HCHO
CHg CHg CHg

Six gm. (0.045 mole) of o -methylbenzyl cyanide, in 150 cc. of
70% ethanol, was reduced in the presence of two equivalents of hydrogen
chloride and the 10% palladium~-charcoal cetelyst. The isolation pro-
cedure was identical with that for phenylacetaldehyde (page 28). The
4 gm, (60% yield) of aromatic yellow oil, hydratropaldehyde obtained

distilled, tulggéz and the semicarbazone prepared, m. 152° (121),

Mononitration of benzyl cyanide

CHgCN CHgCN

0N \ NOy

The nitration of benzyl cyanide was carried out as follows: TFifteen
cec. of fuming nitric acid (s. gr. l.50) was placed in a 50 e¢c. beaker
and the acid was cooled in an ice-salt bath with stirring to 0° C. Then
2 gm. (0.017 mole) of benzyl cyanide was added dropwise, keeping the
mixture well stirred throughout the addition. After all of the benzyl
cyanide had been added, the reaction mixture was stirred for fifteen
minuteas longer, and then slowly poured over crushed ice. The white pre-
cipitate which formed was filtered with suction and recrystallized from
hot 80 per cent ethanol. The yield was 1.5 gm. (60% theory), m. 118°

(122}, and all the properties were those of the p-nitrobenzyl cyanide.



In seversal of the runs a small amount of a yellow oil, which crystallized
on standing, was obtained, but the yield of this product was considered
insignificant,

This procedure was repeated in a series of nitrations, increasing
the temperature of the reaction mixture by 5° each time, from 0° to
45° Ce.s but no o-nitrobenzyl cyanide could be isolated in any case.

The yield of the para compound was consistently the same,

Nitration of benzyl chloride

H,C1 HNO3 -CH,C1 H,C1
__+ __‘_
0, g

Into 197 gm. (l.56 moles) of benzyl chloride was cautiously dropped a
mixture of 312 gm., of fuming nitric acid and 160 gm. of acetic anhydride.
This addition required about two hours for completion., The temperature
was kept at 30° and at no time exceeded 35°.

The reaction mixture was then poursed over cracked ice, causing an
orange o0il to separate. This was extracted with benzene, the benzene
layer was washed free from acid with distilled water, dried over anhy-
drous sodium sulfate and distilled under reduced pressure. Any unchanged
benzyl chloride distilled at 80°/15 mm. At 125°-140°/15 mm. a yellow
oil, the o-nitrobenzyl chloride, was obtained, the p-isomer distilling
at 145-160°/15 mm, The latter crystallizes on cooling to room tempera-
ture, m. 71° (123). A yield of 21 gm. (8% of the theoretical amount) of

the o-nitrobenzyl chloride was obtalned in this manner,
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Attempted preparation of o-nitrobenzyl cyanide

Twenty-one grams (0.12 mole) of o-nitrobenzyl chloride dissolved in
2l gm. of 95% ethanol was slowly added to 7 gm. (0.14 mole) of sodium
cyanide dissolved in a small amount of water. This was refluxed on a
water bath for six hours, A brown tarry mass resulted. On pouring in-
to 150 cc, of water, there occurred separation of a brown oil, which
was extracted with 200 cc. of boiling water and filtered. The aqueous
filtrate was allowed to evaporate spontaneously. No cyanide was iso-

lated.

Reaction of o-nitrobenzyl chloride with sodium cyanide

Bamburger (105) reported that he obtained small yields of o-nitro-
benzyl cyanide when o=nitrobenzyl echloride was treated with sodium cyan-
ide, but the chief product was a condensation product with either of

the following two formulas:

HoCN
\\CHé or C
- %

0, NO,

This synthesis was attempted in these laboratories and the results were

substantially confirmed except that no o=-nitrobenzyl cyanide could be

isolated.



Nitration of p-nitrobenzyl cyanide

CN -CH,,CO0H
= o5 "
O HaS04 ON N0,

To a cooled mixture of 15 ec., of fuming nitric acid (s. gr. l.50)

and@ 15 c¢ce conces sulfuric acid, was added drop-wise with stirring 2
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gn. of p-nitrobenzyl eyanide. After the addition was complete, the re~

action mixture was gradually heated to 55°-60° C,, and kept there for
thirty minutes. It was then cooled and poured over crushed ice., The
resulting fine, yellow precipitate was filtered with suction, washed
with hot water, in which it was slightly soluble, and recrystallized
from 80% ethanol. Pale yellow needles were obtained, which melted at
175° C,, liberating a gas., It appears that hydrolysis had occurred,
and that tpe product was 2,4~dinitrophenyl acetic aclid which Borsche
(124) reports as melting at 179-180° with decomposition. No dinitro-

benzyl cyanide was recovered from the reaction mixture.

Preparation of dimethyl melonate

The procedure employed for the preparation of dimethyl melonate
was identical with that given by McElvain (126) for the diethyl ester,

using an equivalent amount of methyl alecohol in place of ethanol,

v i
KpCO3 !
. G
GHa KCN |H2
CO0OH COOH




C=N COOCH;
| CH,,OH |

CHZ & T CH2

I HpS0, |

COOH COOCH,

In a large porcelain evaporating dish was dissolved 376 gm. (4
moles) of monochloracetic acid in water, and the solution, warmed to
500, was neutralized with 300 gm. (2,17 mole) dry solid potassium carw
bonate. Two hundred and eighty gm. (4.3 moles) of pure granular potas
sium cyanide was then added. The addition of the last portion caused
vigorous boiling, due to the formation of cyanoacetic acid. The entire
operation was carried out under a hood.

After addition was complete, the reactionlmixture was stirred with
a thermometer while being concentrated, using two bunsen burners, until
the temperature was 125°, It was then stirred with a spatula while cool-
ing. Stirring mist be continued, or otherwise a hard mass is formed
which can hardly be powdered. The solid was now rapidly and thoroughly
broken up in a large mortar, transferred to a S~1 flask fitted with a
reflux condenser, With thorough shaking, there was added 200 cc, of ab~
golute methanol and then gradueslly, a cooled mixture of 800 c¢c. of ab=~
solute methanol and 600 ce. of conc. sulfuric acid.

The pasty mass was heated for two hours with frequent shaking on a
water bath under the hood, well cooled, and shaken with 1800 cc. of water.
Undissolved salt was removed by filtration and washed several times with
ether, which was then used to extract the aqueous filtrate. The latter
was then thoroughly extracted with two further lots of ether and the com-
bined ether extracts shaken with cone, sodium carbonete solution until no

longer acid.



The ethereal solution was dried over anhydrous sodium sulfate, the
ether removed, and the dimethyl malonate distilled under reduced press—

ure. A yield of 139 gm. (2643 theory), b. 181° (127) was obtained.

Preparation of diethyl benzalmalonate

The condensaticn of diethyl malonate and benzaldehyde to yield die
ethyl benzalmalonate was carried out according to the directions of

Knoevenagel (125), as illustrated in the following equation:

COOCoHs 00002H5

' piperidine '
CgHsCHO -+ HaC - C4HsCH =C

C00C JHy, COOC ,H,

One hundred gm. (0.6 mole) of diethyl malonic ester were mixed with
70 gn. (0.6 mole) of freshly distilled benzaldehyde in a 200 ecc, flask,
gradually mixed with 2 gm. of piperidine at room temperature and allowed
to stand in a well-stoppered container for two days. To complete the
reaction, the mixture was heated for twelve hours on & water bath. The
condensation product was washed, after the addition of ether, with di-
lute scid and then water, dried over anhydrous sodium sulfate and dis-
tilled, boiling 175-186 at 1l mm, The yield obtained was 73 gm., corre-

sponding to 50% of the theoretical,

Preparation of dimethyl benzalmalonate

COOCHp COOCH,,
t piperidin%’_ '

CgH5CHO + HoC CgHsCH= C + H0
COOCHz COOCH,,

The procedure followed was identliecal with that for the diethyl
derivative, as described on page 34. The yield of dimethyl benzalmal-

onate was 98 gm. (75% theory), b. 171°/10 mm. (123).
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Michael condensation with diethyl benzalmalonate
The equation given below outlines the procedure, according to

Michael (106}, for preparing diethyl (e(-cyanobenzyl) malonate,
g
C=0CzHs /00K
CH=C] + KNC — > -c,:H- oC,Hy

co0C H,
yd
—eH-cE  ®

CN NCO00C,Hg
B i

Six gm, (0.025 mole) of diethyl benzalmalonate was added to a sus-
pension of 1.6 gm. (0.0246 mole) of potassium eyanide in 20 ec. of boil-
ing absolute ethanol and the mixture refluxed until =21l of the salt dise
solved., Omne=half of the solvent was distilled off. On cooling, a pink
solid appeared. This was dissolved in dry ether, but it could not be
crystallized from the ether, owing to its extreme solubility in it. The
substance is very soluble in all of the ordinary organic solvents and
does not erystallize from them,

Another attempt was made to obtain the desired cyano compound by
following Michael's alternate method. Six gm. (0.025 mole) of diethyl
benzalmalonate was dissolved in 50 cc. of ethanol and a solution of 1.6
gm, (0.0246 mole) of potassium cyanide in 20 cc. of water was added.

The solution was allowed to stand for ten minutes, 3 cc. conec. hydrochlo-
ric acid was added, and then the reaction mixture was allowed to stand
for twenty-four hours. It was then diluted with enough water to cause

precipitation of an oil, which was extracted with ether. The ethereal
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solution was dried over anhydrous sodium sulfate and the ether was re-
moved by distillation. The residue was dissolved in absolute ethanol,
and on cooling in a earbon dioxide-alcéhol bath, white crystals were ob-
tained in the solution., These could not be removed as they melted im-
medistely on being removed from the freezing bath.

It was strongly felt that in both of these experiments the sub-
stances obtained were identical, However, in view of the fact that the
isolation and purification were so difficult, use of this compound was
abandoned in favor of the dimethyl benzalmalonate.

Since Michael obtained the ¢ «cyano derivative in 100 per cent
yvields, it was thought that the solution obtained above would be practice-
ally pure. This was reduced catalytically, but it formed a sticky mass
with the charcoal. These reduction experiments should be repeated with
some modifications, sueh as, perhaps, first shaking the alcoholic s?lu-
tion of the condensation product with activated charcoal before using

the catalyste.

Michael condensation with dimethyl benzalmalonate

The preparation of dimethyl ( A =cyanobenzyl)malonate was carried

out as directed by Michael (106), as illustrated below:

e

¢-oc 0K
~ca=c] (I ~cu-¢’/ “ocH
~ ~ 3
£-6CH,, ¢N “COOCHz

_, COOC

~cH-CH s

20 CN  \GOOCHgz

HC1
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Five and one-half grams (0.025 mole) of dimethyl benzalmalonate
was added to a suspension of 1,63 g. (0.025 mole) of potassium iso-
c¢yanide in 20 ce. of boiling absolute methanol., The salt dissolved
immediately. One<half of the solvent was distilled off, which resulted
in the separation of a voluminous white, crystalline potassium compound.
One hundred cce. Of dry ether was added and the mixture cooled in an ice
bath. The solid which formed waas filtered, washed repeatedly with dry
ether and dried in vacuo at 100°., The yield was 7.0 g« (100% of the
theoretical amount).

The potassium compound was suspended in ether, dilute acid was
added and the mixture was shaken until solution was complete. The dried
solution was freed of ether and the colorless residual oil was dis-
solved in an equal volume of methyl alcohol and cooled to «20°, when
it completely sclidified, the yield being 6.0 g., or 100%. The compound
was recrystallized by dissolving in the minimum volume of methyl alco-
hol at room temperature and cooling in a freezing mixture. It separated

in rosettes of needles, m. 47.5-48.50.

Preparation of methyl cinnamate

CHzOH

CHgCH= CHCOOH CgHsCH= CHCOOCH

HC1
To 150 ec, of absolute methanol containing 8 gm. of hydrochloric
acid was added 37 gm, (0,25 moles) of cinnamic acid, and the mixture
refluxed for several hours. The alcohol was removed by distillation
under reduced pressure, and the residual liquid immersed in an ice=bath,
when crystallization occurred. The crystals of methyl cinnamate after
drying weighed 36,5 gm. (97% yield) m, 36°, which agrees with that de-

scribed for the ester by Weger (128).



Preparation of methyl o-nitrocinnamate

The ownitrocinnemic acid used in this experiment was obtained

through the courtesy of Mr. B. Sussman.

~CH=CH-COOH CH=CH=-COOCH3
CHZOH
NOg HC1 NOg

Ten gm, (0,055 mole) of o-nitrocinmamic acid and 150 gm, of abso-
lute methanol containing 6 gm, of hydrochloric acid were heated on a
water-bath under a reflux condenser until solution was complete. Ale
most all of the alcohol was distilled off and the solution was cooled,
when yellow plate-like erystals formed, weight 7.7 gm. (72% yield).

These on recrystallization from methanol melted at 73° (55) .

Michael condensation with methyl cinnsmate

CH=CH g-OC H CH_C/OK
B s _mwe B Noow, Hol
CH=CH=~COOCHgx

OCE
ch—CHZCO Ho o

A mixture of 6,5 gm. (0,04 moles) of methyl cinnamate, 2.6 gm.
(0,04 moles) of potassium isocyanide (dried over fhosphoric anhydride in
a vecuum desiccator) and 50 ce, of absolute methanol were refluxed for
three hours on a water~bath, or until most of the potassium isocyanide

had dissolved. That part of the latter which did not go into solution
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was filtered off., The filtrate was concentrated to onme~half its volume,
It was then cooled in an ice-salt bath, and 80 cc. of dry ether was
added. The liquid became milky and was further cooled in the icewbox,
during which time white crystals formed. This suggested that the re-
action probably proceeded as enticipateds The white precipitate was
suspended in ether and dilute hydrochloric acid was added until solution
was complete, The ether layer was dried overnight in the ice box over
anhydrous sodium sulfate.

On evaporation of the ether a white solid remained., It was ree-
crystallized from petroleum ether, forming white, fluffy needles, m,
133°, weight 5 gme There was no depression in the melting point when
mixed with known cinnamic acid.

Apparently the condensation took place as expected, but the product

formed appears to he unstable in the presence of acid.

Micheel condensation with methyl o=-nitrocinnamate

,OK
—CH=CH~COOCHz CH-CH=C_
KNC oy OCHgz HCL _
NO,, = NO,
CH=CH,~COOCH3 —CHE=CH~COOCH
& —_—
NOB TNOg

Four gm. (0,02 moles) of methyl ownitrocinnamate was dissolved in
80 ecc., of absolute methanol with slight heating, and 1.3 gm. (0,02 moles)

of potassium cyanide was added. The cyanide dissolved in about five
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minutes to give a slightly darker yellow solution. The reaction mixture
was allowed to stand for three hours, when 0.6 cc. (one equivalent) of
cone, hydrochloric acid was added. A white precipitste formed and was
removed by filtration. On concentration of the filtrate, and cooling,
a further white precipitate was obtained, the total weight of solids be-
ing 347 gme Investigations of the properties of the precipitates showed
that they were, in each case, the original ester. As with methyl cinnae
mate the reaction apparently occurred, but the product was unstable in

acid medium,

Nitration of benzaldehyde

In a personal communication Eastman Kodak and Co. report that dur-
ing the synthesis of m-nitrobenzaldehyde 4 per cent of the product is
the ortho-isomer. Zenitz (107), during his study of the nitration of
propiophenone, found that low temperature reactions favored the forma-
tion of o-nitropropiophenone., It was for these reasons that the nitra-
tion of benzaldehyde was studied, with the hope that appreciable amounts

of o-nitrobenzaldehyde might be obtained.

~— CHO CHO CHO
HNO- —+
H2504 NOg
Oz

A nitretion mixture was prepared by carefully adding 300 cc. of
cooled, fuming nitric acid to 700 ec, of well-cooled conc. sulfuric acid.
The meid solution was cooled to 10° C., and then 212 gm. (2 moles) of
benzaldehyde was added dropwise with stirring., The temperature during
the addition was kept between 15=20° C., After addition of the benzal-

dehyde was complete, stirring was continued for one-half hour, and then
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the mixture was poured over cracked ice., The yellow solid whieh formed
was removed by filtration, and erystallized from hot 95% ethanol, The
crystallization was allowed to proceed overnight in the ice box. A

very hard, yellow, crystalline mass was deposited at the bottom of the
eontainer, with a layer of a yellow-orange oil, also not too alcoholw
soluble, above it. The crystals, on separation from the aleoholic mixe
ture, and after drying, weighed 150 gm., m. 5845° C., and were pure
m~nitrobenzaldehyde. ILippmann (129) described this compound as thin
needles, mp, 58°, Addition of water to the filtrate from this crystall-
ization resulted in the separation of a further quantity of yellow-orange
0oil. Turther cooling of either this o0il or the oil obtained in the orig-
inal crystallization above, yielded more of the m-nitrobenzaldehyde.

This procedure was repeated a number of times, each time more meta com-
pound being obtained, the yield totaling 210 gm. (69% theory. The oil
remaining was at first thought to be o-nitrobenzaldehyde, but its de-
rivatives on purification gave all evidence of being those of the
menitrobenzaldehyde. It appeared that the oil was merely the meta de~
rivative of benzaldehyde, with sufficient impurities, perhaps including
a minute smount of o«nitro benzaldehyde, to lower its melting point
sufficiently to ligquify it.

This procedure was repeated many times, verying both the tempera-
ture of the nitration, and the ratio of nitric to sulfuric acid in the
nitration mixture, but without any appreciable difference in results.

It is felt thet nitration of benzaldehyde in this manner, unless tre-
mendous quantities are used, (in the laboratory) is not a_practical meth-

od of preparing o-nitro benzaldehyde.
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Preparation of o=nitrobenzaldehyde from the diacetate

- COCH,,
—Cq —CHO
| COCH HC1
-—Nog Noz

A suspension of 40 gm. (0.18 mole) of o-nitrobenzaldlacetate
(prepared by Sussman according to the directions of Johnson (130) in a
mixture of 325 cec. of concentrated hydrochloric acid, 348 cc. of water,
and 62 cc. of ethanol was refluxed with stirring for one and one<~hslf
hours. The mixture was then cooled to 0°, the solid filtered with suce
tion and washed with water, and then steamedistilled. The o~nitro-
benzaldehyde, which distilled as on 0il, was recovered from the agueous
distillate by cooling. The solid o~nitrobenzaldehyde was removed and

dried; weight 8 gm., m. 44° C. (130).

Knoevenagel condensation on o-nitrobenzaldehyde

A Enoevenagel condensation was run in the usual manner (page 34),
using o=nitrobenzaldehyde and dimethyl malonate. A dark brown tar re-
sulted, from which no product could be isolated.

Mattocks (116), in his condensation of p-nitrobenzaldehyde with
diethyl malonate obtained a high yield of the bis compound, rather than
the diethyl p-nitrobenzalmalonate. A similar reaction may perhaps oc-
cur when o-nitrobenzaldehyde is used. However, further investigation

of this reaction was considered to be impractical.

Preparation of mebromo-benzaldehyde

m~-Bromobenzaldehyde was prepared as directed by Buck et al. (131).
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—CHO ~CHO
+ 3SnCl, 4 sHCL ——— + 3snc1, + 2820
Og NHB
—CHO — CHO
+ DNaNOg + 2HCI ——u o 1t NaCl + 2Hg0
2 2Cl
—CHO HO
CuBr
“HEr T
2C1 Br

A solution of 450 g, (2 moles)-of stannous chloride crystals (C.P.)
in 800 c¢cs Of concentrated hydrochloric acid was placed in a 3-=l1, beake

er provided with an efficient mechanical stirrer and cooled in an ice
bath, When the temperature of the solution had fallen to 5°, 100 g.
(0«66 mole) of menitrobenzaldehyde (m. 52«55°) was added in one portion,
The temperature rose slowly at first, reaching 25-30° in about five min-
utes, then it rose very rapidly to about 100°, Stirring must be vigor-
ous or the reaction mixture mey be forced out of the beaker. During
the reaction the m-nitrobenzaldehyde dissolved, and an almost clear solu~
tion was obtained. The solution was cooled in an ice-salt mixture until
the temperature had fallen to about 2°. During the cooling, orange-red
crystals separated and a pasty suspension resulted.

A 250-cec, separatory funnel was fixed so that its stem extended be~

low the surface of the pasty suspension. A solution of 46 g. (0.67 mole)
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of sodium nitrite in 150 cc, of water was placed in the funnel and was
slowly added to the well-stirred mixture until it showed a positive
starch-iodide test for nitrous acid. The temperature of the mixture was
maintained between 0° and 5° throughout the addition of the nitrite
solution, which required about 90 minutes., Usually, all but 5-8 cc. of
the nitrite solution was added before a positive test for nitrous acid
appeared,

During the latter part of the diazotization of the eminobenzaldehyde,
a hot solution of cuprous bromide was prepared. In a 5=1, round«bottomed
flask, 189 g. of copper sulfate and 91 g. of sodium bromide were dissolved
in 600 ce, of hot water, and to this solution was added a solution of 41
€. of sodium metabisulfite and 27 g. of sodium hydroxide in 300 ec. of
water. The final temperature of the resulting cuprous bromide solution
should be about 75°%,

The diazonium solution was added to the hot cuprous chloride solu-
tion while the latter was shaken by hand but was not cooled. After the
solutions were thorocughly mixed, 200 cc., of 48% hydrobromic acid was
added and the mixture allowed to stand overnight. The reaction mixture
was steam distilled to separate the m-bromobenzsldehyde, which was coll-
ected practically completely in the first 1,5 1l, of distillate. The m-
bromobenzaldehyde was removed from the aqueous distillate by extraction
with two 150-cc. portions of ether, and the ethereal solution was dried
with 10-15 ge of anhydrous calcium chloride. After being decanted from
the drying agent, the ether was distilled, end the residual liquid was
distilled under reduced pressure, The m-bromobenzaldehyde boiled at

93-98°/8mm, The yield was 80 g., or 65% of the theoretical amount.

Nitration of mebromobenzaldehyde
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NOo
CHO CHO
HNO,,
e ———
Br HoS04 Br

A mixture of 75 cce. of fuming nitric acid and 75 ce. of concentrat=
ed sulfuric acid was cooled to O° with stirring. Ten gm. (0.054 moles)
of m=bromobenzaldehyde was slowly added through a separatory funnel, the
temperature not being allowed to exceed 5°. The syrupy liquid was pour-
ed over cracked ice, the white precipitate was filtered and dried aver
phosphoric¢ anhydride in & vacuum desiceator. A quantitative yleld of 12
gm. was obtained. TFurther crystallizetion from petroleum ether gave
long, yellowish, fluffy needles, m. 74° (132).

The phenylhydrazone was prepared according to the directions given
by Einhorn et al (132). One gram of the aldehyde in alcoholic solution
was treated with 0.5 g. of phenylhydragine. The hydrazone soon formed
end was recrystallized from alcohol in dark red needles, m. 180°, es=-

tablishing the identity of the compound &s Z2-nitro-5-bromobenzaldehyde,

Knoevenagel condensation of 2-nitro-S~bromobenzaldehyde.

A condensation of 2~nitro-S-bromobenzaldehyde and dimethyl mslonate
was attempted, according to the directions of page 34, However, a black-
broin tar resulted, from which it was impoasible to extract any well-

defined product, with any of the usual organic solvents or their combina-

tions.

Preparation of diethyl bromomalonate

Palmer and coworkers (133) prepared diethyl bromomalonate as follows:
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CO0CoHg ' CO0C5Hs

' coL '

CHp 4+  Br - Br-CH + EBr
?

CO0CHs COOC ,Hy

A one liter three-necked flask was fitted with a stirrer, a re-
flux condenser with a tube to a gas trap for absorption of hydrogen
bromide, and a separatory funnel with a long stem almost touching the
blades of the stirrer. In the flask was placed 160 gm. (one mole) of
freshly distilled diethyl malonate and 150 ce, of carbon tetrachloride,
In the separatory funnel was placed 53 cc, (165 gm.,, 1,03 moles) of dry
bromine., The stirrer was started and the bromine introduced at a slow
constant rate, enough to keep the color of the reaction‘mixture orenges
After addition of the bromine, the reaction mixture was refluxed on a
water-bath until there was no further evolution of hydrogen bromide
(several hours are required),

The mixture was cooled, and washed five times with 50 cce~portions
of % sodium carbonate solution. It was then dried by shaking with an-
hydrous sodium sulfate, and distilled under reduced pressure. The frac-
tion boiling at 126-1309/15 mm., was collected; weight 182 gm. (76%
yield).

Resction between diethyl bromomelonate and dibenzylamine
The reaction did not take place as expected.

CoH5

COOC ;Hs CHp
Br-(;H + (CgH5CHp)oNH —— 1% CH(COOCgHs)g —+ (CgH5CH,) o~NH.HBr

c':ooczﬂs CH,

Colls
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In a 500 c¢c., three-necked flask equipped with a mechaniecal gstirrer,
a reflux condenser and a hot water bath was placed 23.8 g. (0.1 mole)
of diethyl bromomalonate, 39.4 g. (0e2 mole) of dibenzylamine and 75 cc.
of absclute ethanol. The solution was refluxed for about eight hourse
After one hour of refluxing, white crystals began to form in the reacw
tion mixture. When the reaction was complete, these were collected on
a filter, and the alcohol removed from the filtrate by distillation une
der reduced pressure. After cooling the residue ether was added to
precipitate completely the erystals, whose total weight was 52 g., Me
255-60, identifying them as dibenzylamine hydrobromide (134). The
ethereal solution was washed several times with water to insure complete
removal of the hydrobromide, and then dried over anhydrous sodium sulfate.
Distillation of the ether left a residue of an oil weighing 35 g., cal=-
culated yield, 35.5 g. The product was thought to be diethyl dibenzyl-
aminomaslonate. However, hydrogenation of this produet did not yield di-
ethyl aminomalonate, as would be expected. On standing for extended
periods of time in the laboratory in a cork-stoppered flask at room
temperature, the oil gradually deposited crystals. When these were re-
moved and washed with ether, they melted at 266°, When mixed with known
dibenzylamine hydrobromide, there was no depression in the melting point.
If to a solution of the oil in dry ether or benzene, dry hydrochlorie
acid was added, a precipitation of dibenzylamine hydrochloride resulted,

A repetition of the reaction gave a product which showed evidences
of unsaturetion.

Since the product obviously was not the expected diethyl dibenzyl-

aminomalonete, it was not further investigated,
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Preparation of diethyl benzylmalonate

Diethyl benzylmalonate was prepared according to the directions
of Marvel et al (135).

cooC
L ooEs

o, NaOC,Hs C00C,Hy
| ]
' C.H<CH.C1 CH~CHoC
6HsCHy 2CeHs
COOC Hy c;ooc o
2

To 500 cc. of absolute ethanol in a one liter three=necked flésk
equipped with a dropping funnel, a reflux condenser, a mechanical stirr-
er, and an oil bath, was added 23 gm. (1L gm. atom) of sodium cut in
small slices., When all the sodium had reacted, a calcium chloride tube
was placed on the condenser and 166 gms (1 mole) of diethyl malonate
were added through the separatory funnel in a steady stream. This was
followed by the dropwise sddition of 126.,4 gm. (1 mole) of benzyl chlo-
ride over a period of about one and one<half hours. The mixture was
refluxed, with stirring, until neutral to moist litms paper (about
three hours), The reflux condenser was then exchanged for a downward
condenger and the alecohol distilled off until almost 500 cc. was
collected. The residue was then treated with not more than 400 cc, of
water and shaken, The ester layer was dried over anhydrous sodium sul-
fate and distilled. The fraction boiling at 145-155° C./4rm. was

collected and weighed 122 gm. (49% yield).

Bromination of diethyl benzylmalonate

COOC 5 H COOC 5Hs
\J
G6H5032(‘;!H + Brp = C 6H50H2(:Br -+ ®HBr

00002H5 COCC gHy
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Into a 500~ce. three-necked flask equipped with a mechanical stirrer,
a dropping funnel and a reflux condenser, was placed 6Z2¢5 gm. (0.25
moles) of diethyl benzylmalonste, 20 gm. of pyridine (0.25 mole) in 75
ece of carbon tetrachloride. To this solution, with stirring and occa-
sional cooling, was added 13.8 e¢c. of bromine (0,26 mole). As the bro-
minetion proceeded the temperature rose slightly and an orange precipi-
tate of pyridine hydrobromide resulted. After all of the bromine had
been added this precipitate was removed by filtration. After drying the
weight was 40 gm. (theoretical yield).

The filtrate was washed four times with 25 ce.~portions of a 5%
sodium carbonate solution, and dried over anhydrous sodium sulfazte.
The carbon tetrachloride was removed by reduced pressure distillatiom.
The remaining oll was washed with dilute hydrochlorie acid until free of
any traces of pyridine, and then several times with water, and again
dried over anhydrous sgodium sulfate., The final oily product weighed

523 gm. (50% of the theoretical),

Reaction of diethyl benzyl-of<bromomalonate with benzylamine

tzooczﬁa c’:ooc255
GSHSCHZ—(E-BI' + 2 CgHgCHpNHg; —> CGHEGHZ-{’}-NHCH;zGGHs -+ CgBsCH,NHg*HBr
COOC,Hy COOC 5H;

Into a 500 ce.,, three-necked flask equipped with a mechanical
stirrer, a reflux condenser, and a hot-water bath, was placed 1l6.4 gm.
(0,05 mole) of the oil obtained above (presumably diethyl benzyl-o-
bromomalonate), 10,7 gm. (0.l mole) of benzylamine, and 75 cc, of absow
lute ethanol. The solution was refluxed for six or seven hours, White
crystals of benzylamine hydrobromide separated out of solution and were

filtered off. The alcohol was removed from the filtrate under reduced
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bressure and ether was added to the cooled residue. There was further
Precipitation of the white orystals, the all-over yield of which was &
gm., m. 204° (136),

The ethereal solution was washed with water, dried over anhydrous
sodium sulfate, and the ether removed, The oily residue eould not be
erystallized from the usual organic solvents, At the temperature of a
carbon~diozide-acetone bath, crystals formed, but melted before reaching

room temperature. The oil weighed 13 gm. (73% theory).

_H_gﬁrog(enation of diethyl benzyl-benzylaminomalonate

cooC
000t i 0000,
CH5CHp~C-NECE,CeHs R— CgH50H,~0-NEz *HCL
CO0C 5H C00C H

Thirty-five and one~half gm. (0,1 mole) of diethyl benzyl-benzyl-
aminomalonate was hydrogenated in the usual way using a palladium cat-
alyst in sbsolute ethanol., Treatment of the reduction product in the
ordinary manner ylelded 7.5 gm. (31% yield, calculated as diethyl benzyl-

aminomalonate) of white erystals, m. 179°,

Saponification of diethyl benzyl-aminomalonate

Co0C COOK

' 2H5 KOH ' HC1l
06H5CHZ-C-NHz +HC1 —> CeHstHg-C-NHz 3

4 4

coOC 2H5 COQK

COOH

]
C 6H50H2—C -NHz

|

COCH
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Saponification of the compound obtained above was carried out as
follows: Into a 500-cec. three-necked flask equipped with a mechaniecal
stirrer and a reflux condenser, was placed 6 gm, (0.025 mole) of di-
ethyl benzyl-sminomalonate in 75 cc. of sbsolute ethanol. The sclution
was stirred and 2.8 gm. (0.05 mole) of solid potassium hydroxide was
added. As the alkali dissolved, a pale yellow solid, presumsbly the
monopotassium salt, precipitated. This dissolved in the solvent as the
reaction proceeded, and the reaction mixture was refluxed with stirring
for about three hours. At the end of this time, the condenser was
placed in a downward position, and the alcohol was removed by distilla-
tion, water being added periodically to prevent the mass from solidifying.
The contents of the flask were then cooled in an ice bath, and with
stirring, concentrated hydrochloric acid was added until the reaction
mixture was acid to Congo red paper, and then an additional 10 ce., of
acid was added. The white solid which formed was recrystallized from

o
95 per cent ethanol, weighed 2 gm., m. 255 .

Mired m. with phenylalanine 205°

Benzoyl derivative m. 100°
Nitrogen
found (Kjehldahl) calculated for 010H1104N
7«20 6a7
725 calculated for CQHiIOQN
(Phenylalanine)
8,5

Preparation of isonitrosomalonic ester

Isonitrosomaslonic ester was prepared as directed by Barry (137).
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§00C:Hs COOC2Hg
C,HyO0NO 1
4
?Hz Na. —S— ?:NOH
COOCoHg COOCsHs

In a liter three-necked flask fitted with a mechanical stirrer, a
reflux condenser, and a dropping funnel was placed 300 cc. of absolute
ethanol. Twenty-three gm. (one gm. atom) of clean sodium wes dissolved
in the alecohol, followed by 166 gm, (one mole) of ethyl malonate. After
the flask had been immersed in a cold water bath, 116 gm. of n-butyl
nitrite, previously dried over anhydrous sodium sulfate, was slowly
added with effective stirring, causing the white precipitate of sodio-
malonie ester to dissolve with the formation of a thick, clear, orange-
vyellow colored solution. The ethanol and butanol were removed under re-
duced pressure, and the residue was treated with 300 gm. of crushed ice
and 200 ec, of 6N sulfuric acid (15% by weight); the isonitrosomaloniec
ester separated as a reddish-yellow o0ll. This was extracted with ether
and the ether extract was washed with a saturated solution of sodium bi-
carbonate, dried over anhydrous sodium sulfate and the ether distilled,
The fraction distilling at 145-155°/10 mm. was collected, weight 60 gm.
(34% theory). At lower pressures the yield is reportedly higher, but

such conditions were not available during the present investigation.

ggg;ogenation of diethyl isonitrosomalonate

The hydrogenation of diethyl isonitrosomalonate to diethyl amino-~

malonate was carried out according to the direction of Barry (137).
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?000235 ?ooczﬂs

?=NOH Hp - H~C-NH,,
Pd l

COOCzHS CO0C5Hs

Twenty gm. (0.1 mole) of isonitrosomalonic ester were dissolved in
125 ec. of absolute ethanol, and hydrogenated under 115 1lba. pressure,
using the palladium catalyst. After nine hours, the theoretical quantity
of hydrogen (65 lbs.) had reacted. The reaction mixture was filtered to
remove the catalyst, and the filtrate was allowed to evaporate in a
vacuum desiccator over sulfuric acid. The pale yellow oil, diethyl
aminomalonate, remaining was distilled, and the fraction boiling at 1l00-

-110°/6 mm. was collected; weight, 8 gm. (50% theory).

Preparation of diethyl benzslaminomalonate

€00C By 0000235

—CE0 + Héﬂ—?éﬂ —_——Z ——cH;N-cH ~+ H,0
CO0C, Hs cooczﬂs

Into a small separatory funnel was placed 8 gm, (0,045 mole) of
diethyl aminomalonate, 4.7 gm. (0.045 mole) of benzaldehyde and 10 cc,
of benzene, the mixture was well-shaken and allowed to stand overnight.
The liquid became very cloudy, and a portion of the water formed in the
reaction had separated. The addition of a small amount of anhydrous
sodium sulfate removed the remainder of the water, and the benzene layer
became clear, The benzene was distilled, leaving & yellow oil, presumed
to be the Schiff base,

An attempt was made to prepare the hydrochloride, as & means of



purification and identification, but all the usual methods of brepara=
tion lead to a gelatinous mass which eould be neither filtered, nor

dried, nor treated in any way to yield a sample .satisfactory for analysis,

Preparation of diethyl benzyl-benzaleminomalonate and its hydrogenation

The following reactions were tried:

NEOGEHs
CgH;CH= N-CH(CO0CHs) 3 S CeH5CH=N=C (CO0C5H5) 5
CgHzCH,;0L ;
'Hz
CGHs
H 0 «CO C.HzC
—=2 —  NH,cH(c00C,H), 2y 20 CeTrireom

CH, e

T
CeHy
The results, although not conclusive, are encouraging.

In a 250 cc. round«bottom three-necked flask fitted with a reflux
condenser, a mechanical stirrer, and a separatory funnel, was dissolved
1 gn. (0,05 mole) of clean sodium in 75 cc, of absolute ethanol, and 13
gm. (0.05 mole) of diethyl benzalaminomalonate was added. This mixture
was heated on an oil bath to gentle refluxing, with stirring, and 6 gm.
(0,047 mole) of benzyl chloride was slowly added through the separatory
funnel. Refluxing and stirring were continued until the reaction mix-
ture was no longer alkaline. The salt which was precipitated during
the course of the reaction was in the colloidal state, and could not be
removed by filtration. The reaction mixture was concentrated on a water-
bath until all of the alcohol wes evaporated. Water was then added to

dissolve the salt, and the orange o0il which was thrown out of solution
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by the water was extracted with ether. The ethereal solution was dried
over calcium chloride, and the ether removed by distillation. The orange
01l remaining weighed 7 gm,

A hydrogenation in the usual manner with 3.5 gm. (0.0l mole) of this
oil (previously shaken with Nuchar to remove any catalytic poisonsa which
might be present) was carried out. Only 81 per cent of the theoretical
guantity of hydrogen\reacted, indicating that this percentage was the
purity of the ester being reduced. The solvent was removed under reduced
pressure, leaving a brownish~orange oil as the product.

No attempt at purification of this oil was made, but it was saponi-
fied immediately. The o0il was refluxed with dilute hydrochloric acid for
three hours, any unreaeted oll being removed by filtration at the end of
this time. The filtrate, while hot, was treated with 28 per cent ammon-
ium hydroxide until the solution was yellow to methyl red. A greenish-
white solid precipitated. A volume of alecohol equal to three times that
of the acidic mixture was added, and the flask cooled. The solid was re~
moved and recrystallized from 65 per cent ethanol,

The Nebenzoyl derivative melted at 120°, and there was an inguffi-
cient quentity for analysis. The reported m., of this compound, N-benzoyl

phenylalanine, is 188° (118).

Preparation or\gramine

Tollowing the directions given by Snyder &t al (108), gramine was

prepared as described below.

,CHgz

CHoN
w + CHO + (CHg)gH — o w CHy
H H



To 235 cc. of a 23 solution of dimethylamine (equivalent to 1,05
moles), at 5°, was added 140 gm. (2.33 moles) of glacial acetic acid.
The mixture was cooled to 5°, and 80 gme of 40% formalin (equivalent
to 1.0 mole of formaldehyie), at 50, was added. The mixture was agitated
mildly and poured into a flask containing 117.2 gm. (1.0 mole) of in-—
dole. The flask was shaken occasionally until the indole had dissolved,
The temperature of the mixture rose to 56° during this period. After
standing overnight, the mixture was then added slowly to a stirred solu-
tion of 140 gm. (3.5 moles) of sodium hydroxide in one liter of water.
The resulting suspension was cooled in an ilce-bath for two hours. The
gramine was collected by filtration, pressed dry, washed with three 100~
ec, portions of water, and dried in an oven at 65° to constant weight.

A theoretical yield of 174 gm, was obtained, m. 127-128°,

Preparation of gramine methiodide

Gramine methiodide was obtained in the manner described by Snyder

et al (108) .

B3

—CH,N, GHZN
~N
(] o (7%

To a solution of 43,5 (0.25 mole) of gramine in 188 cc., of absolute
e£han01 were added 39 gm, of methyl iodide over a period of about onew
half hour. The mixture was allowed to stand at room temperature over-
night and then at o° overnight. The product was collected by filtration

and washed with three 25 cc.~portions of absolute ethanol, and three 25
cc.-portions of dry ether. The dried product weighed 62 gm. (78% theory).
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Preparation of ethyl  -carbethoxy- f°-(3=indole)-propionate

CHz co0C
/ / oHs
__CHZN:2§§ S ' —CHp-CH
2 0CsH Na
w \I 3 2H5)oNa w COOCgHs
]
H '

The sodium derivative of malonic ester was prepared by stirring for
thirty hours a mixture of 243 gm. (0.1 mole) of powdered sodium, 120 cec,
of toluene and 40 gm. (0.25 moles) of diethyl malonate. To the result-
ing paste was added 35 gm, (0.1l mole) of gramine methiodide. This mixe
ture was heated, with stirring, for two hours with the oil-bath at 110°,
and for four hours with the oil-bath at 145°. The cooled mixture was
stirred with three 100 cc.~-portions of water, The combined aqueous
washings were extracted with three 100 cc,-portions of ether and the
ether extracts were added to the organic layer from the first extrac~
tion. The solution was dried, and the solvents and excess malonic
ester were removed by distillation, first from a gsteam bath and finally
at 5 mu, pressure. The residual red liguid was poured slowly into 150
cc, of petroleum ether with cooling and stirring. The solid which soon
formed was collected and after drying, weighed 16 gm. m. 580, which

agreed with the results obtained by Snyder et al (108).

Reaction between gramine and@ diethyl benzaleminomalonate

An alkylation of diethyl benzelaminomalonate with gramins was
gttempted following the procedure employed by Howe and coworkera (1l2)

with an alkylemidomalonic ester,
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To a boiling solution of 84 cc. of xylene and 0.6 gm. of powdered
sodium hydroxide, in a 500-cc, three-necked flask fitted with a mechan-
ical stirrer and a reflux condenser, was added 4.3 gm. (0.025 mole) of
gremine and 6.5 gm. (0,025 mole) of diethyl benzalaminomalonate, and the
mixture was stirred and refluxed for five hours.

The reaction mixture was then filtered through a preheated funnel,
and the filtrate was allowed to cool to room temperature and then was
kept in the ice box overnight. Pale yellow crystals formed, which on
recrystallization melted at 127°, and gave no depression of the melting

point when mixed with known gramine.
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SUMMARY

A review covering the natural occurrence and the laboratory syntheses
of indole is presented.
An investigation was initiated to determine the feasibility of pre-

paring indole and its derivatives aceording to the following proposed

general reeaction:

(;HR _ CHR ——CR

o — | | — i

2 \\N4?CH ‘\NV/OH
H

It is not difficult to prepare compounds of type

CHO

for both benzyl cyanide and ¢ -methylbenzyl cyanide may be hydrogen-
ated to the imino stage and readily converted into the corresponding
aldehydes, csﬂscﬂzcﬂn and Csﬂﬁcﬂfcﬂg)cﬂb, respectively. Other benzyl
cyanide derivatives may be readily prepared, and it is expected that
they may be converted with equal ease into the corresponding aldehydes.
However, the introduction of an amino group into the o-position of
these compounds presents a difficulty which has not yet been solved.

The nitration of benzyl eyanide, benzyl chloride or benzaldehyde yields
1ittle or none of the desired o-nitro derivatives to serve as desirable

intermediates,
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The condensation of potassium isocyanide with “,peethylenic
compounds, according to the precedure of Michael, was studied to de~-

termine its applicability to methyl cinnemste and to methyl o-nitro-

cinnamate; the latter reaction would be expected to yield

CH=CH5COOC
p 2C0O0CH;

0y

It is regrettable that apparently this condensetion is more limited
in scope then was anticipated.
A study was made of reactions which depend, in effect, on the al-
kylation of aminomalonic ester for the synthesis of intermediates
from which amino acids may be readily obtained. It was hoped to
protect the amino group, during the alkylation, by

(a) dibenzyl

{(b) benzal

Unfortunately the dibenzyleminomalonic ester, (06H5OH3)3NGH(COOEt32,

was not obtained when dibenzylamine was allowed to react with bromo=
melonic ester.

Experiments in which the alkylation of benzalaminomalonic ester,

CeHCH=N-CHZ G000

however, are encouraging and the reaction merits further investiga-

zgg s Was tried were incorclusive; the indications,
2

tion.
A study was initiated into the synthesis of o~amino-A ~alkylmalonic

C H5CH2\ - 00002H5
jds. Benzyl bromomalonic ester 6 o] , was
= = ) Br~ COOC,Hs

treated with benzylamine; oX =benzyl-c(-benzylaminomalonic ester,

0635032\ c” COOC 2Hg

» Was obtained in good ylelds.
CgHECHNE ~ T coocyBs

Hydrogenolysis of the Nebenzyl group yielded o =benzyl- A-aminomalonie
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CgH5CHp. - COOH e o
NHy,— ¥ T~CO0H °’

tained by saponification. These results suggest that the reaction

ester, from which the corresponding acid,

R-— ,—CO0C,Hy cooc
¢l c_ 285
Br— 0000235 —CeHsCHoNHy 06H5GH2NH T~ CO0C 5Hy _ 2

‘R; —-\—0000335 HOH R— g— COOH
—
NHZ 0000235 NHo ™~ COOH
may he broadly useful in making available an extended series of«-alkyl-
o< -aminomalonic acids,

B\C _—~COOH
NH, ~ ¥ >~¢o00H ’

differ sterically from the L-amino acids found naturally only by having

In view of the fact that acids of this type,

a labile carboxyl group in the & -position, they should prove of consid-
erable interest to the chemist interested in physiological processes and

nmatrition.
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