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ABSTRACT 

Eviclcnce has bee11 prcsented for thc transient formation of a dienone-iminc inte~mediate in 
the Fischer indole sjnthesis analogous to the dienone intermediate founcl in the Claisen 
rearrangement. The isolation of methylamine hydrochloride, 8-chloro-1,2,3,4-tetrahydro- 
carba~ole,  and 5-amino-Ci-chloro-9-mcth~~l-l,2,3,4-tctrahydrocarbazole from the room temper- 
ature, uncatalj zed condensation between c>~clohesanonc and N'-methyl-2,G-dichlorophenyl- 
hydrazine under enanline synthesis conditions can be ratio~lalizecl only on the assun~ption of 
the occilrrence of a clicnone-imine intermediate. An csanlple of a facile, uncataly~ecl Fischer 
cycli~ation a t  room temperature has becn described. 

INTRODUCTION 

Carlin and Fisher (1) have pointed out the close analogy bet~veen the mecl~anism of 
the Claisen rearrangement (2, 3) and the Robinson mecl~anism (4) for the Fischer indole 
synthesis." -1 discussion of the Fischcr illdole synthesis with particular reference to the 
mechanistic aspect has appeared recently ( 5 ) .  Al tho~~gh  the dienone intermediate (I, 
R = CI-I:j) has been isolated as the Diels-Alder aclduct (G) and has a c t ~ ~ a l l y  been pre- 
pared ancl shown to be a true intcrmediate in the Claisen rearra~igelilelit (7, 8), isolation 
of the analogous dienone-imine (11, R = CI-13) from the Fischer reaction has not yet 
been achieved. 

There are, lio~vever, several instances in which a compound of struct~lre I11 (R = I-I) 
has actually been obtained from the Fischer cyclization. Such a compound (111) could 
quite logically arise from a dienone-imine precursor (11, R = It4 = FI) in which aroma- 
tization occurred very rapidly and unavoidably by a tauto~neric shift of the hydrogen 
atom. The isolation of the sparingly soluble l~~~droc l~ lo r ide  of the co~npound a-amino-p- 
(0-aminopheny1)-y-but)-rolactone (IV) from the cyclization of a-keto-y-butyrolactone 
pl~ei~~~lh~.clrazone (9, 10) and of 3-acet~~lamino-2-(o-aminopl1enyl)-butene-2 (V) froill the 
treatment of 2-(N,Nr-diacetyl-P-pheny1hydrazino)-butene-2 (VIII) with hot aqueous 
potassi~~m hydroxide (11) are specific cases which illustrate this point. 

' T a k e 7 ~  froilr. the thesis of F. P .  Robinson srlbnritted to the Faal l ty  of Gradzlate Studies  of the Uwioersity of 
A\berta i n  partial f ~ ~ l . l l ? r r e ~ r /  of the reqz~zre~?re~rfs for /he degree of Doctor of Pltilosoplay. 

-Present address: Depart~lreiat of Claeirzistry, Ulriversity of liictoria, Victoria, B.C. 
*A .  A. i l i . b ~ l ~ 0 ~  and Y. P .  Ki taev ,  J. Gew. Cl~ena. U.S.S.R. 27, 2388 (1957), Iaave staled that botla the Claisen 

rear~ange71ro7t and  tlzc Fisclaer indole synlhesis are specific cases of tlae geweral i?atraiiaolectrlar. iearrangenre7at i n  a 
polariecd 1,6-~011jrlgaled systein. 
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ROBINSOX AND BROU'N: DIESOSE- IMISE  IUTERMEDIATE 

There have been reported, also, a number of products obtained from the reaction of 
phenylhydrazones under Fischer cyclizing conditions which are readily explained o ~ l l y  
on the basis of a dicnone-i~~line intermediate (11). Exa~nples  of these are the isolation of 
5,7-dihaloi1lcloles resulting from the halogen migration and interchange during the 
reaction of 2,G-dihalophenylhydrazones in the presence of zinc halides (1, 12, 13), and 
of both 2-phenyl-3a, 5-dimetl~yl-3a,4,7,7a-tetrah)~dro[3H]pse~1cloi11dolo1~e-4 (VI) and the 
methyl ~nigration product 4,7-dimethyl-3-p11enylindole (VII) from the reaction of aceto- 
phenone 2,G-dirnethylphen\~lhydrazone in the presence of zinc chloride (14) (equation a ) .  

An attempt was made by Carlin et al. (1.5) to t rap the dienone-imine "intermediate" 
in the zinc chloride catalyzed reaction of ethyl pyruvate 2,6-dimeth>-IpllenylI1>rdrazone 
as the Diels-Alder adcluct with ~naleic anh\rclride as had been done by Co~lroy and 
Firestone for the Claisen rearrangement of ally1 2,G-dimeth)~lphe11yl ether (6). I-Iowever, 
no product was obtained indicative of such an  adduct,  a result co~lsidered to be due to 
the much more rapid conversio~i of the clienone-imine intermediate into the indole (15). 
T o  our knomleclge, 110 other a t tempt  to secure the dienol~e-imine intermediate has been 
reportecl. 

This paper describes the isolation froin the Fischer indole synthesis of certain pro- 
ducts, the formation of which can be rationalized only on the basis of a dienone-imine 
intermediate. 

RESULTS r l S U  DISCUSSION 

The isolation from the acid-catalyzed reaction between methj.1 cthyl l;etone plie~lyl- 
hydrazone and acetic anhydride (11) of 2-(N,N'-diacetyl-~-p~-l l~ydrazi~1o)-11utenc-2,  
(VIII) ,  ~\rhich is the diacetylated enamine co~lsidered to l ~ e  the first stage of the Robinson 
mechanism for the Fischer indole synthesis (A), has suygcsted the preparation of ellamines 
as starting materials for inclole for~nation. Since such ail enamine is one step along in 
the acccptecl scheme for Fischer indole synthesis, subsequent conversion of this ena~nine 
to an indole might be relatively easily accomplished. Suvorov (11) has sho\vn tha t  acid 
catalysis is not necessary, although probably helpful, for the sccolld stage of the 1;ischer 
inclole synthesis; that  of conversion of the enamine (17111) to ( IX) ,  the compound 
analogous to  the product of ortho bellzidine rearra~lyelnent. I-Ie found that  (1x1 was 
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o b t ~ i n c d  by heating the intermediate diacetyl compound (VIII) in refluxing aqueous 
sodium h)droxide (equation b). Thus,  if a suitable enrumine were prepared, it might be 
readily converted to the indole merely by exposure to moderate heat. If, in adclition, the  
2 and G positions of the p h e n ~ ~ l  group are bloclrecl by substiti~ellts which \voulcl prevent 
rapid aromatization (I1 -+ 111, I< = I-I), it might t h i ~ s  be possible to  form, and either 
retain or t rap,  the dienone-imine under mild conditions (ecluation c). For the present 

( c  l 
N-N /H + 

I \ 
H CH, 

\vorli, tlie 2,G-dichloropl1en)~lliydrazine rather than tlie 2,6-dirnethylphenylh~7drazi11e \vas 
chosen in view of the latter's well-l;nown instability in air (14). T o  ensure enamine 
formation, this liydrazine was converted to  the N1-methyl derivative (X).  

Form!.lation of 2,G-dicI1lorophen~lIliydri1zine ( I )  with for~nalnide in acetic acid (16) 
rather than with 5Oy0 formic acid (17) gave a good yield of N'-form).l-2,G-dichloro- 
plien)~ll~~-clrazine which, even with excess methyl sulpllate, gave only the n~ono~~ie t l iy l  
derivative, Nt - fo r~ i~y l -Nt -~~~e thy l -2 ,G-d ich lo rop ley lhdraz ine  (XII).  Elemental analj~sis 
and a nuclear magnetic resonance spectrum agreed with this structure. Additional proof 
that  the methyl group was on the nitrogen atoll1 reliiote froni the p11enj.l substituent 
was obtained by reduction of tlie fornlylated hyclrazille with Raney nicliel and hydrazine 
(18) to 2,G-dic1110roa11iline (equation d).  

,CH 3 

( d  8, - 
N-N' H C=O 

CI 

\i\illen N1-meth)-1-2,G-dicl~loropl~enylli~~drazine was condensecl with cyclohexa~~one 
under co~ldi t io~is  advocated for enamine preparation (19), using a Dean-Starlr apparatus 
(20) to collect the water removed azeotropically by boiling benzene, a precipitate of 
Ilietliylalnine hydrochloride appeared. From the residual darlr oil obtained after renloval 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

 C
A

R
O

L
IN

A
 o

n 
11

/1
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



ROBIXSON ASD BRO\YN: DIENONE-IMINE IXTERMEDI.ATE 1933 

of the 11:-drochloride and tlie benzene, no pure compound could be isolated. I-Iowever, 
the formation of methylamine li\.drochloride indicated that a reaction had occurred, in 
all lil<elihoocl forming an indole, since the P-nitrogen atom in hydrazones is eliniinated 
as ammonia during the Fischer cyclization to indoles (21, 32). When the enaminc forma- 
tion was repeated, but this time, to  avoid decomposition of products, with tlie reaction 
temp~ra ture  maintained a t  about 20' by removal of the benzene and water under 
vacuuin with a rotary evaporator, methylamine hydrochloride was again obtained 
(-13(,; ! ield). The residual )ellow oil, left after removal of the precipitate and the 
solvent, when passed through a column of neutral alumina with Skellysolve R as eluant, 
afforclcd a 147, yield of a compound which proved to bc identical in all respects with 
an authentic sample of 8-chloro-1,2,3,4-tetrahydrocarbazole (12). Further elution with 
a 1:l mixture of S1:ell~~solvc B and benzene gave a compound whose elemental analysis 
and n.m.r. spectrum agreecl ~vi th the structure ~~-amino-6-cl1loro-C3-metl~~~l-1,3,3,-tetra- 
hydrornrbazole (XITI). 

An authentic sample of this compound was prepared from the mixture obtained by 
I'lant and Rosser's (22) c!.clization of c~~clohexanone 4-chlor0-3-nitropl~ei~~~111~~drazone. 
Of the two possible products of this rcnction, Ci-cl~loro-~-iiitro-l,2,3,4-tetra1i~~drocarbazole 
and G-cl~loro-7-nitro-1,2,~3,4-t~trahydrocarbazole (equation e) ,  one was later identified 
(3) as the O-chloro-3-nitro-1,2,3,4-tetra11ydrocarbazole (XIII)  by its reduction with tin 

( e )  
Q & - -  :;O;rO 

N-N N O2N I 
k I4 H 

and 11) clrocliloric acid to the 1;nolvn 5-amino-1,2,3,4,4a,9a-hexal1ydrocarbazole. The other 
isomer, (XIIT), must then be the 6-chloro-7-iiitrotetrahydrocarbazole. 

Compouncl ( S I I I )  was first converted to the N-methyl derivative (SIT) and then 
reduced \kith Raney nicltel and h~draz ine  (24) to 5-amino-G-cl~loro-9-i1iet1~~~l-l,2,3,4- 
tetra11~-drocarbazole (XITI) (equation f) .  

NH2 
( f  (CHJ2 SO4 cL& Ni+H4 N2 , 

KOH 
I 

xv XVI 

The overall reaction between c~~clol~exanone and N'-methyl-2,6-dic11lorop11e~~y111~~dra- 
zine can be represented by equation g. No enanline corresponding to structure (XI) 
was obtained. 

In our opinion the isolation of both (XVI) and (XVII) is further evidence in favor 
of the ciienone-imine intermediate. Such an  intermediate readily explains the formation 
of (S I7 I )  as shown by the following scheme (equation I L ) .  
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XVI (21 O h )  XVl l  ( 14 O h )  

XVI II 

+ HCI 

The lneclianisin of the formation of compound (XVI) is analogous to that proposed 
(14) for the for~ilatio~l of 2-phen~~l-3a,5-di1i~ethfl-3a,4,7,7a-tetral~ydro[3~~]pse~1doindolone 
(VI) fro111 the zinc chloride catalyzed cyclization of acetoplienone 2,G-di~~iethyl~henyl- 
hydrazone. 

The for~llatiorl of the product ( S V I I )  can also be explairled on the basis of the dienone- 
iniine intermediate (XVIII) if one postulates that a readily oxidizable substance in the 
reaction mixture per~nits the reductive removal of the allylic halogen atorn in the dienone- 
illline illter~nediate via the scheme s h o ~ ~ r ~ l  in equatioil i. That  the presence of oxidizable 

R y c i n g  agent 
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substances does pronlote the reductive reinoval of halogen, most likely a t  the reactive 
dienone-imine stage, has been supported by the isolation of much 2-allyl-6-chlorophenol 
during the thermal rearrangenlent of ally1 2,6-dichlorophenyl ether, particularly in a 
solvent (e.g. decalin) which is readily oxidizable (25). The isolation of 7-chloroindoles 
froill the stannous chloride catalyzed cyclization of 2,G-dic11lorophen~-Ihydrazones (12) 
can be considered as another exanlple of this reductive removal of allylic halogen a t  
the dienone-imine stage. 

The failure as )yet to  obtain the desired enamine (XI) might be due to the presence 
of the Kf-methyl group which could facilitate cleavage of the N-N bond u~ith subse- 
quent formation of the dienone-inline (XVIII) wllich then rapidly decomposes. I t  is 
Itnown that or-N-metl~ylphenylhydrazones are very readily converted to  1-methylindoles 
(26, 27). 

T o  our I;no\vledge, this is the first example of a room temperature, non-catalyzed 
Fischer indole synthesis. The mild conditions required and the much cleaner reaction 
obtained might now permit isolation of products \vl~ich under the usual illore stringent 
conditions end up as tars. The surprising ease of the conversion of the enamine (XI) 
to  the dienone-imine and then to indole products supports Suvorov's suggestion that this 
step need not be acid-catalyzed (11). I t  might now be possible to obtain, under these 
modified conditions, an intermediate analogous to  compound I1 (R = CI-13). 

We are continuing work on these interesting aspects of the reaction. 

EXPERIMEXTAL 

Preparnbio?~ of Phenylhydraei?zes 
Nf- For1~zyl-2,6-dichloroplze?zyll~ydra&i,2e 
Formylation 01 2,6-dichlorophe~~ylhydrazine was carried out by the following modihcation of the method 

described by Balcer et al. (16). The use of 50% forinic acid (17) proved to bc less satisfactory in our esperi- 
ments. 

T o  a solution of 33.6 g (0.19 mole) of 2,6-dichloropl~enylhydrazine (1) in 150 ml of glacial acetic acid \\;as 
added 7.6 in1 (0.19 mole) of formamide in a dropwise fashion. The r e s~~ l t ing  so l~~ t ion  was stirred a t  rooill 
temperature for 1 h during which time the  solution thickened because of the formation of a colorless pre- 
cipitate. The thiclc slurry was then diluted with 150 1111 of water ant1 the solid collected. Crystallization from 
ethanol gave 29.6 g (76y0) of pure product meltii~g a t  160-161". Calc. for CIIH~,K~CI~O: C, 40.99; 13, 3.05; 
N, 13.66; CI, 34.58. Found: C, 41.09; H,  3.10; N, 13.84; Cl, 34.72. 

N'-il/lellzyl-N1-for~izyl-b,6-d~cl~loroplzeizyl1zydrazi?~e 
WIethylation was accomplished by the following modification of a published procedure (17). 
To a solution of 41 g (0.20 mole) of Sf-formyl-2,G-dichlorophenylhydrazine in 200 1111 of dimethylsulphoside 

both 21.4 1111 (0.22 mole) of dimethylsulphate and a solution of 8.8 g (0.82 mole) of sodium h>-droxide in 
20 rnl of water were added sin~ultaneously and dropwise. The reaction mist~ii-e was stirred for 2 11 ant1 then 
diluted with I50 1111 of water. The oil which separated solidified on cooling. This oily solid \vas collected and 
crystallizetl from Skellysolve 13, yielding 27.6 g (63%) of N1-formyl-N'-methyl-2,6-dic1~lorophe~~y11~ydrazi~~e, 
m.p. 73-75". Calc. for C813sX\',CI?O: C,  43.86, H, 3.68, N, 12.79; CI, 32.37, Founcl: C, 43.57; EI, 3.64; K,  
12.17; CI, 32.54. Tha t  the methyl group was attached to the N1-nitrogen atom was sho~v11 by Raney 
nickel - hydrazirle reduction (IS) of the compound and isolation of the known 2,G-dichloroaniline. The other 
product, S-methylformanide was not isolated. The i1.m.r. spectruin of N'-formyl-N'-methyl-2,6-dichloro- 
pl~en~lhydrazine  showed a sharp signal for the methyl group a t  7.1 r and also agreed with the structurc 
assigued. 

N-~~te/hy~-b,6-dichlo~opIzenyllzydrae.i~ze IIydrochloride 
The follo~ving procedure is a t~~odificatiou of that described by Neber et al. (17). 
A solution of 43.8 g (0.20 mole) of N'-fo~~inyl-l\"-inethyl-2,6-dichlorophenylhydrie, SO rill of conccn- 

tratetl hydrochloric acid, and GO 1111 of ethanol was reflused for G 11. The solution was cooled, and pourcd into 
ice water whereupon ail oil separated. An ether extract of this oil was dried (MgSO,) and after reinoval of 
the drying agent \\.as treated with anhydrous hydrogen chloride gas until precipitation of the hydl~ochlol-ide 
of N'-methyl-2,6-dicl1lorophei1~~lhydrazii1e was coil~plete. Crystallization from ethanol gave 30.5 g (675;) 
of pure N'-methy1-2,G-dichloropher~ylhydrazi~1c hydrochloride, melting a t  181-1S2°. Calc. for C;I-I,S.C13: 
C, 36.95; H,  5.99; S, 12.31; CI, 46.75. Found: C, 36.84; H,  3.89; N, 12.30; C1, 46.61. l'hc infrared spectrul~l 
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of this compountl sho\vecl the follo~ving bands: 3220 cm-I (NH) ,  a broad peal; centered a t  2930 cm-I (CH3), 
I 

3690 cm-I (GI-I?+) (28), and a peak a t  l5GO cm-I (aromatic unsaturation). The n.m.r. spectrum in DzO 
I 

sho\vecl signals a t  7.0 T (singlet, N-CH3), 5.3 T (sinplet for DOH),  ancl an  AB2 pattern a t  2.3 to 2.9 T .  The 
hyclrazinc co~lld be preserved ~rndecomposed i f  kept as the hydrochloride. 

4-Cl1loro-3-~~ilropl~e~z~~lI~yi!ro~zi11e 
'The 4-chloro-3-iiitroa~iili~ie (29) was con\:erted to 4-chloro-3-nitrophenyll~yclrazine by tlie procecl~lre of 

Plant ancl ltosscr ("2). I-lomcver, aftcr tlie solution had been left to stallcl ovcr~iig-ht, the precipitated 
hydrazine hyclrochloricle \\-as separatecl by filtration (lather than heated again as these authors acl~.ocatedj 
and dissolvecl in 200 ml of boili~lg water. The resulting solution was then filterecl free of insol~~blc  material 
and the liltrate treated with saturated aqueous socli~~ln acetatc to precipitate the hydrazine. This procluct 
was crysfal1i:ed i l ~ l ~ ~ ~ e d i a l e l y  froilz Skellysoive B. If the crystallization was not clone a t  once, rlecomposition 
resultecl. Yieltl of 4-chloro-3-1iitrophen).lh~~~1razi1ie was 45.3%, m.p. 108-109° ireportecl m.p. 10!1° (22)). 

Cyclo11.esc1110~1.e o-Chloropl~.e~~yllzydraso~ze 
This compouncl ivas prepared in 01.7; yicld accorcli~~g to published directions (12). 'This compound dc- 

composed readily, hence hacl to be used soon aftcr its preparation. 
C!.clizatio~~ \\.as acco~~iplisliecl preferably by thc boron trifluoride - ethcrate proccdurc describccl by 

Snycler anrl Smith (SO), nfiorcling a n  827; yield of S-chloro-1,2,3,4-tctrahydroci1rt~nzole, m.p. 55-56" (from 
benze~lc - S1;cllysolve B). Reportccl m.p. 56" (12). The  product clecomposed rapidly a t  room te~npcraturc. 

C y c l o l ~ e s a ~ z o ~ r e  /,-CI1loro-3-~zilrophenyllvydraso~ze 
'This compound \vns preparecl in 84% yield accorcling to the procedure of Plant aiicl Rosser (22) and 

cyclized ivith boron trifluoride - etheratc (30). The solid ol~tained was repeateclly cr~~stallizccl from ethanol 
yielding 0-cliloro-7-nitro-l,2,3,4-tetrahyclrocarbazole (44%) ii~elting a t  lSG-1S7°, reported 111.p. 184O (22, 
33). Removal of the cthanol fro111 the hltratc gave a yello\v solicl which when crystallizecl from benzene gave 
6-cliloro-5-nitro-1,2,~3,4-tctra1iydroci~rbazolc (11%) having the reported mcltiug point of 162-163" (22, 23). 

6-Chloro-6-~1ilro-~-11~elhyl-l,2,5,~-telral1ydrocarba:ole 
6-Clilo1~0-5-nitro-1,2,3,4-tetrahydrocarbazole was converted to 6-cliloro-5-nitro-O-11ietliyl-l,2,3,~~-tetra- 

hydrocarbazole by use of methyl sulphate accordillg to published procedure (31). Yielcl of pure material, 
GI$%, m.p. 15-1-155" (from ethanol). Calc. for C13HL3Y\iY0.'CI: C, 58.98; H,  4.95; N ,  10.59; C1, 13.40. F o ~ ~ n d :  
C ,  5!) .0!);H,S.l9;S,  10.5O;CI, 13.21. 

That  the nitrogen atom a t  position 9 hacl bcen meth!.latecl lvas sho\vn by the disappe;irancc of the SI-I 
signal a t  4.94 s iound ill the n.m.1. spectrum of the starting material, and tlie appearance of tlie N-CEI, 
signal a t  6.65 T in the spectrum of the product. 

6-.~l111t~1.o-6-Cl1loro-!)-n1el~l~.yl-1,2,3,4-!etral~ydrocarbaeole 
'The iiitro group of 6-chloro-5-nit1o-O-methyi-l,2,3,4-tetrahytlrocarbazole was reduced \\.it11 Ralicy nicl;el 

a11cl li>~clrz~zinc ("4). The  solid aminc obtained after removal of thc nic1;el and the solvent \\.as crystallizecl 
from cthanol ant1 yielded pure material (79%) melting a t  90-91'. Calc. f o ~  ClrH:,S,Cl: C, 66.51; I-I, 6.44; 
N, 11.04; C1, 15.11. 1;ouncl: C, 6G.64; 1-1, 6.5'7; 3, 12.18; Cl, 14.98. The  1i.m.r. spectrum in CDC13 sho\ved 
the following signals: an  aromatic :\B pattcrll a t  3.0-3.8 7-, X-H a t  5.9 s, N-CEI, a t  6.75 7, ~llcthylelie 
a t  7.24, 7.58, and 8.30 s. 

Treatment of the amine in n small amount of benzenc with a slight excess of acetic anhydride lieatecl on 
the steam bath for 10 mi11 aCfordccl colorless crystals (from ethaliol) of the N-acetyl clclix-ati\.e, m.p. 245". 
Calc. for ClalHliS2C10: C, 65.09; EI, 6.18; S, 10.11; CI, 12.81. Found: C, 65.21; I-I, 5.96; S, 10.29; CI, 13.09. 

C o ~ t d e i ~ s n ! i o > ~  of Cyclohe.i.ano?~e 2;lillz N1-il~ellzyl-0,6-dicl1loropItenylhydra~i11e 
X cl~~antit) .  (6.84 g, 0.03 mole) of S'-methyl-2,6-clichlorophcnylhyclrazine hydrochloricle \\.as tlissol\;ed 

in water. The ~.csulting solution was basifiect with dilute sodiuln hyclroside ancl the oil \vhich separzitcd \\,as 
estractetl with two 25 ml portions of ether. The combined estracts were dried (WIgSOI) ancl freed from 
cther \virh a rotary evaporatol. To  the residue lclt in the evaporator was added 50 ml of benzene followecl 
by 2.94 g (0.03 niolc) of cyclohesano~ie and the resulti~ig solution slo\\rly reduced to half its origiilal volume 
iii the rotar!. evaporator (bath teniperatilre -20"). A colorless precipitate \vas removed by ljltratio~i and 
\\.hell cr!~~t;~lliaecl from ethanol it meltecl a t  222-225' !0.:10 g, 14.8%). This precipitate was tl~lite water 
soluble. Its aqueous solution gave an i~istnntaiieous precipitate with silver liitratc. The aqucolis s o l ~ ~ t i o n  
of this co!orless precipitate, rnhcl~ made allcaline with sodiu~ii hydroside, producecl all ammoniacal odor. 
Misecl melting point, ancl n.1n.r. spectrum shomecl it to be identical with methylamine hydrochloricle. 

'The rcst of the benzene solution, after relnoval of the meth!~lami~ie hydrochloride, was freed from benzene 
aiid gave n !.ello\v oil. By ch~.oniatogrnphy on neutral aluniiiia xvith Sl;ellysolve B as eluant, 0.86 g (14.0%) 
of a pale !.ello\v solicl melting a t  55-56' was obtained. This conipou~id \vasshown to be identical with S-chloro- 
1,2,3;I-tetral1~~tlrocarbazole by nlisecl lnelting point ancl by infrared and n.il1.r. spcctla co~upariso~i with an 
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authentic sample (12). Thc compound was too unstable to be sent away for elemelntal analysis. I ts  i i ~ f r a ~ e d  
spectrum sho\\fetl bonded S-H a t  3100 cm-I. The n.m.r. spectrum showed ~nicthylene signals a t  '7.29 r and 
8.20 r ancl an  S-H sigllal a t  1.39 T .  

Further r l~~ t io l l  of the remaining material on the column with a 1 : l  mixture of Sl~ellysol\~e B ant1 benzene 
~~ ic lded  a tan ,  cr).stallinc solid, m.p. 87-90". Crystallization from alcohol gave 1.48 g ('2170) of a colorless 
material, m.p. 90-91". Calc. for CI:<HISNIICI: C, 66..51; H, G.44; X, 11.94; Cl, 15.11. F o ~ ~ n d :  C, 6G.59; H, 
6.40; S ,  11.75; CI, 15.37. 'I'he n.111.r. spectrum in CDCls sho\ved an  aromatic AI3 pattern i n  the region 3.0 
to 3.8 T ,  an -SM2 signal a t  5.9 T ,  an N-CH3 signal a t  6.75 T ,  ant1 methylene signals a t  7.2-L, 7.58, ancl 
8.30 r. Thc above clata agreed \\,it11 the structure 5-amino-A-cliloro-9-methyl-] ,'7,3,4-tetrahyclrocarbazolc. 
This cornpo~~nd sho\\lecl properties identical with thosc of an  authentic sample of 5-amino-6-chloro-9-~nnetlnyl- 
1,2,3,4-tetlahytirocal-bazole prcpared by another rol.lte described above. 
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