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[Reprint from the Journal of the American Chemical Society, 55, 2105 (1933).]
[Contribution from the Chemical Laboratory of Howard University]

Studies in the Indole Series. . ]d The Synthesis of Alpha-
enzylindoles

By Percy L. Julian and Josef Pikl

The present investigation was carried out for the Purpose_ of developing
a method for pr_eparmg_a-benz%hndole (I) and certain of its derivatives
containing substituents in the phenyl group (A).

These indoles are of interest to us i connection /1 ——CH

with work on the structure of certain of the | CH2
Angostura alkaloids. o VIRVEY,
he ‘usual methods for synthesizing alpha- th 0

subatituted Indoles are dHe 0 ‘;lsghe{ an%to N

Madelung and Verle%/. The method of Fischer,1based on the elimination
of ammgnia from } e pheniyl_hydrazones of ket?nes I excellent for the
preparation of Indoles containirig ejther a methyl or a ﬁurely aryl_group
In the alpha positign, 1t IS questionable, however, whether the Fischer
method when applied to a-alkyl indoles_other than. a-methyl indoles,
actuallg/ yields prodycts of wls ?]tructure.z It IS certain that the Fischer
synthesis. wnen applied to the pnenylnydrazone of methyl benzyl ketone,
which might be expected to yield ‘a-enzylindole (1), furnishes not the
desired indole hut Instead a-_methyl-{S-phenyllndole [1).3 Similarly the
Fischer synthesis when applied t0 the phenylhydr%gﬂg of methyl- 34-

dimethoxyphenylethy1 ketone, CHIOCHXH2 JoCHj’ furnishes  a-
methyl-/3-(3,4-dimethoxy)-benzylindole (I11).*

I\ .06
C—ch3

|
)
The method, of Madelung,SWhich was modified by Verley,6 consists in
the elimination of a molecule of water from the acyl defivatives of o-
toluidines. ~ This method, while satistactory for the preparation of indoles
with 3 purely aliphatic group In the alpha position, has been found to be
Inapplicable to the preparation of indoles of the type we desired.4

1) Fischer and Hess, Ber., 17, 559 (1884).
) 96%23 Hoﬁlns, “Synthesis 0% Nlltrogen ?ng)Compounds," D. Van Nostrand Co., New York, 192’
3

4

;

TankIer Ann., 248 106-113 (1888).
Mt o e K
Verley, B%'II. soc. chim., [4(]1%5, 1039 (1924); [4] 37, 189 (1925).
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Since, then, the customary methods of § fynthesumg a-substituted indoles
are not applicable to the preparation o a- enz lindoles, we developed
a synthesis of this tépe of indole based on the oIIowm% considerations,

g- Halogenate an dydrox ketones Y xed indoles On bein h?ated
with arylamines.7 Accor Ing t accepte lews as to the course of this
reaction (Bischler, Ref. 7) One should expect to secure a-benzylindoles
from ketones of the type RCHZZOCH2X where R 15 a phenyl or substituted
henyl %rouP and X'is either a halogen atom or an arylamino Eroup
nfortunately neither of these latter™two classes of ketones Is Known
and it was niecessary first to develop a method of preparin them Such
a method of preparation was worked out in the foll OWIg shion

C*I-B—EH— —CHZ-N—Cliks CeHsg 8CH CH
OG-I&Z+HZJN N b 2 b & bH

) .

c6152:cHh2coocﬁ1 QHj _______ —CHZ—ITl—Cﬂ'|5 c@q&;h?(:OChZ’lce15l
’ onh? ch3 V(Iﬂ'l

The v?nous sta%es in this Wnthems %o smoothly once the proper ex erl-
menta condmoshave beert determined. It IS necessary to use me %/
anilinoacetic ester rather than the simpler anlllnoacenc ester |tse e-
cause the latter substance does not condense with benzyl cyanide but
Instead undergoes selt-condensation in the presence of sodium ethylate
t0a dlketopli)erazme derivative.d

The methylanilino ketone VII) on heating Wlth amlme)(
Pal product’ a-penzylindole 8 In addition to g& We g ams 0 tamed
n varymg lelds another substance, which proved to te N-methy
benzym I€ (VIII). Th? formation of this"substance is at od swnh
the “rule” for the course of the reactlon as roposedb Bischler7an gener
ally accepted gcompare Hell and Cohen, Ref. 7) and we nProtjoose In 4 later

lelds as pr|nC|

commurkcatlo to Consicer in some detail the echanism of indole forma-
tion In this reaction.
IV -C—ch2—chb SH
CH —ch2—cthb
¢H
VI

The methylanilino ketone (VII) .on similar treatment with methyl-
aniline yielaga the N-methy! a- lgenz lindole (1X). "

(188% Hll}]u ﬁﬁ i ]2 21%%% ﬁ%%% ﬁls hgrr] dl%ghegllbjl,gn 718&& %198&) Woulff, ibid., 20, 428

Voran er; ibid., 3’3 2568
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We have applied the method to the synthesis of two other derivatives
of a-benzylindole, namely

F\ -—-CH OCHS CH “ochd
C—CHZ' "'AOCH3 and LA . IIV 1 \OChS

| |
H X ch3 |

To obtain the, derivatives ( R and (X1) the only variant in the procedure
we have outlined consists i the replacement “of benzyl cyanide In the
initial condensatlon by 3,4-dimetho dyphen ylacetonitrile.

The a- benzx indoles thus prepared ‘are all colorless cr}/stalllne solids.
They show  the charactenstlc propertles of alpha-substituted  indoles.
Thus the develog color on exposure to light and air, they give the pine-
shaving reaction and they are weak hases which yield brick=red picrates.

Experimental Part

N-Methylanilinoacetob IC ide (1V).— ure of 48 ¢ of N-methyl-
e ool en%y gjneye Il a(JgeéI ow to agsoluuonng

F ""(]iol?ﬁ??r? gte(%a %soﬂJdﬁe a?ccr)h (i onwas n the \ater- ?wfgr
L G it gk
fcoho my|eI cru emtrqe melting gt 115° wasSgl 0. recrystallzed |>cl)m met ?

°
SRR fm TR NG |
u nof the nitrjein
hdro on eo[f t enlltr” e'ﬂ 165% upon a |t|gn orf]waterto |Jts z;]cohoflc sor-

t|on t en|tr|e|s rec itated,
—Atte ts to conve fhe nitrile

ilinoacetoacetamid
|nt%e eamlé wit concewtraterpi IC&C unsuccesu the main

I
ée Sk S f, i o s
nltl’l CC. 0 uric, aCI

so Ution of 1 f%r one hour
Atter co0

% oure nto |cean tem 0 ortlo tesufur acld
neutra e with S0 aﬁncar onate, eu on ,9” h %Pre ||;t)|tt out.
Was alr ypure and after one recrystallz tion frot methyl alcohol melted sharply

Anal Calcd. forC|7H]ED2N2 C 7234 H, 643, Found: C 72.74: H, 6.63.
NMet lanilinp-a'- hen acetone VI —A solyt |0n fl?a %amlde in 50?
C. o 5/0 roch oric ac ez%t }/]va%e ours Asma
antl arate ich was tere te he 00 gd aIar (ﬂ” nti
(era ed aa eutra ized with soda. t% compotin efscr

e e D t%naen%btn

a|rbth 18 'n%o} 8?)?§ Ure proguct am%h
W 7H seéaraterg rom ether- petro eum ether in'long oIorIgss prp ISMS meYvasg sharply
S s e e e L e
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3
3D

regrﬁarned for months without the slightest deterioration even on constant exposure to
f\l_nalo Calcd for C:ﬂr-IﬂOt\I C, 80.33; aﬁ t710 thoduréd Igm8r(r]43 H, 7.08. o
ed fro uantities ( | rochlori
ketone Fn aco XY‘” J) |%n A er ahqursst ng)\//vat de/(? (p eox?me
precrprtalte re%rysta zed fromza cg 7550; H 708 N, 11.00. Found: C, 75.48;
n 7Aile%ﬁ\|llcr0|Ere thb t fi thyl Est )—A Ount
ethylanilino-a enace ec g ster (VI).—A sol ono
ofn|7rrlew %’ IIPas u coI olvl gturated(vtrllt)r I ne orrf?
toc orrdeo t enr r| ost Imm |ate rat
Easse into sofution Pnc ntrnued mtroductron ﬁ e Hn\rgswjf @ §
and for ten to.fwelve 0%1 g W tem er? ure, the ammonium chloride
separated was filtered. ?]n ltrate al owed to va orate sIowI 0 nessr
a Viacuum over ota?srunh g |e Ofnta Ing u t ous mas in 3
adoh aﬁco 0? n? ﬂ]é ydrochloride of the est stalrz out recrystallize from
Anal. Caled. forC|8-IZN0331 C 6475 H, 6.04 Found: C 6475 H, 59,
watefmm the Flc(?hoh? solution of the hydrochlorrde the free ester was precrprtated with
B TDIE PG o0, M, CTS e
waerg) 0r ) eqanJ W our aﬁd Eé Prna)ntannrs?mﬁartotnate xé
ro)ysrso te%mr ketone etrn at 3/
rongwrt eq f rlde

In this 3y %o
the es er av the keto i}m Oe%Becr e ment on SWIW Eeo ygl(r%c rrc
acid. onstr%utlon 0 0% gtone’Is tﬁerp efor vve egtab ed 1

rough 1ts pro
tion’ romest e an rts conv rsron ot eor
%er(tjz ureo etone V ofan|er ﬂﬁ‘dM?
|ne oc rrde ate to b0| ortvven amet |ce
eevo utroH of water_took place mr ur cooe treate wat n
rar:te itn ether.  The ethereal SQ#]tlo nseveral times wit & (

c ori {0 re ove the ani me e res| ue one aporatjon consr(sjte 0 c%ta
mrxe WI asma uantr For Oourr atlont epro uctwas ISt Iedr v%s
cuu arr ath, . In this nner] éroe

|zat|on rom éJetro arply a

talnedI vv?trc on 1rec sta um etr,t\lergw7 6te I% i C G H
A or oun
602 ?\f Mrcro%

5I Iz6S | %rlgi]e%lltej(tje '5”58%%% entwlgectr(s%locledgr W%%hgn agﬂﬂ mﬁg?%ﬁf#ﬂg%ﬁ%%?@@
daﬁé ng the salbstance reme tsconstaﬁl)(y at gg Wehave here pro%aibyacase(}f

d f lent quantities of a-benzylindole and id
ark AT L kL gt o
C2|H]63N4 C 57.18; H,3.69. Found "C,57.78; H, 363

CaI cd. for
NMet benz Indole IIIB Fr m the mother liguors 0 gcry tallization of
mgnrtnd Ieere Xwe ove, e obtained Libstanc e |n at fn otn eox -

reaction was rrrdo t 128° jnstead 0 atl e yie
90j ‘t té‘be%rlg%?_al Eﬁna ys%o eproduct gave: Cy86 97; H 705
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N-Meth n¥ [3-henz |ndoI es edasfllovvs A mixture of85 f di-
|dro Inna cald emet rgzgne and 10 g, of fu g
chlori t?]wa% eat r ten -180 mass ext cte WI
et er e ef ehea Hlons a en |rstw concentr te ot Sium. ny roxi

roc IC acid. Onb orat 0nJ I remained whic |5|

n] ﬁvacuu lh temtp o alr-na Ie |t| ewasta lﬁ)lnaeo 0 an
the Indole melt n shar b1 grgs%a ized omtes uonlnco ess needlles.
mixe meltnﬁ]e nt Wi f from ani |ne .and the

oved 1o de-
ressnn |cr?te rom tP]e qulvalent quantities 0 the mfol% ar?d picric acid n
terea so t|o melted.at 1

d I —35 f VII th 15
n#e ?ﬂlhﬂg hy Eﬁéﬁd% ea f v;tn egHe n(vivﬁgg?ex qo\p"one hogr at
re

The" coofed mass was frelt r_extracted with ethr and the

a extrac gorg%ns WI ? ta o 100 cc 0 hy(? Tw rc amd

poratl n o of i rﬂost corn# stl over at

fi temp, ﬂ mm an c stallized complet yonstandlng ina
coo place; rec ystallize met er-petroleum etrier, m. p, 6

AF\IaI gf[Cm 6N: Cg 6.84: H, 683 N, 633" Found: C, 8658; H,
725The |c|rcart% v(/?nc)n666 dissociages in alcoholic splution into the indole (
E?nc ang Wai(pre areﬁafS ¥nequd¥gfent quantlt?es o? f e{n ie and acid e|n et erefﬂ
oo b Ted el Ne: C 5865; H, 403 N, 1244, Found: C, 5850
H, 3.@, %CI’O re@ﬁf qﬁ%“ o
Table |

FH{ H%a%%?cr egy _ Formula E)d %é{ Gald, Analyses Found

N-Mg Ianllnoce C, 10,40 0.
metw peny acetonit nPe CGHION2 69 10 H 2?) gég
N, 8.64 (Microi-Pregl)
a—N-M thgﬁnllln acetyl-a C. 66,66 6
A-qimetnoxyphenylacet-  CuHoaosN: 50 156 H, 48
N, 8.20 (Microi-Preg)
aNMethyI nilino-a-3 4-dii-
methoxyn eny Iacetone " CsHoosN - 79 795 N, 4.67 (Micro- Pregl) 4.68
eth %nlh C 68.77 68.87
metho penyacetonme CisHaz0sN: 0 H §86 879
a34[ﬁ eSho phenylmethyl- NC76 %18 Mok Pregl7 }15
Xypnenyimetnyl-
CHON 8 146 H, 64
Kl nie 0 N, %24 (Micro>-Preg) 33
Im % C23H2009N4
e etho C 76. 6 164
met ?fmdo % W chdh 0 % H 78%
N, Mlcro -Pregl) 5
Picrate of (XI) CatH2ONs 97
This amide was prepared frorn] 8oft enltnletg% | ostand or en
?ur ousatroomt atureW Gccoco centrate c |caC| an
lacial acetic ong WI'[ the amice t ere was o out lg. of ?n
mefting material
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Summary

1 Four a-benzylindoles have heen synthesued by a method based
upon the reaction Detween a-arylamino ketones and a gammes
2. In'this connection a new type of ketone has been gnthesued

Washington, D. C. Recejved December 2, §§
Published May 6,
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