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corresponding tetrahydroisoquinoline derivative, 
the relative activities are explicable in terms of the 
concentration of di-cation a t  physiological pH. 
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Experimental6 
Intermediates.-The preparation of pure trans-S-methyl- 

decahydroisoquinoline and of a cis-trans mixture was de- 
scribed earlier.7 trans-Decahydroquinoline and a cis-trans 
mixture of decahydroquinolines were Eastman (White 
Label) Chemicals, and were methylated by the Eschweiler- 
Clarke methods to give, respectively, trans-LV-methyldeca- 
hydroquinoline, b.p. 51-52' (3.5 mm.) ,  n 2 : ~  1.4787, and K- 
methyldecahydroquinoline (cis-trans mixture), b .p .  117- 
118' (50 mm.) ,  T Z ~ ~ D  1.4833. 

1-(3-Chloropropy1)-decahydroquinoline (XIVc) solu- 
tion of 38 g.  (0.27 mole) of decahydroquinoline (cis-trans 
mixture) and 21.4 g. (0.13 mole) of trimethylene chlorobro- 
mide in i 5  ml. of benzene was allowed to stand at room tem- 
perature for three days. The precipitate was collected and 
washed with ether to  give 19.%5 g. (655)  of trans-decahydrc- 
quinoline hydrobromide, m.p.  280-281 O (lit .g m.p. 277- 
279 ") . Decomposition of the salt provided trans-decahydro- 
quinoline, m.p.  47-19', no melting point depression on ad- 
mixture with authentic material (lit.g m.p.  48'). 

The  filtrate and ether washings from the hydrobromide 
salt were combined and extracted with 10% hydrochloric 
acid. The  acid extract was made alkaline and extracted 
with ether. After drying and removal of the ether the  
residue was distilled to  yield 12.6 g. (43%) of XIVc as a 
colorless, relatively unstable oil, b .p .  94-96" (0.3 mm.). 
Presumably the cis isomer predominates in the product. 

The hydrochloride salt of XIVc, recrystoallized from iso- 
propyl alcohol-ether, showed m.p. 162-164 . 

A n d .  Calcd. for Cl2H&1&: C,  57.15; H, 9.19; C1 
(ionic), 14.06. Found: C,  57.02; H, 9.39; C1, 14.01. 
1-Ethyldecahydroquinoline (XIVa) .-To a solution of 

20.0 g. (0.14 mole) of the mixture of decahydroquinoline 

isomers in 100 ml. of benzene was added 11.2 g. (0.07 mole) 
of ethyl iodide. After the initial reaction had subsided the 
mixture was refluxed on the steam-bath for 1 hr. The pre- 
cipitate of 16.0 g. (83c$) of trans-decahydroquinoline hydri- 
odide (identified on the basis of the melting point of the free 
base) was separated and the filtrate was distilled to  yield 
8.0 g. (67cc) o f  1-ethyldecahydroquinoline, assumed to be 
largely the cis isomer, b.p. 6&6i0  (2.5 min.'i,'O  azo^ 1.4830. 

1- (Dimethylaminoethyl)-decahydroquinoline (XIVb) .- 
Similarly, a solution of 30 g. (0.22 mole) of the mixed deca- 
hydroquinolines and 11.6 g.  (0.11 mole) of ditneth~litininti- 
ethyl chloride in T5 mi. of benzene was refluxed on the 
steam-bath for 80 hr. Filtering off the precipitate o f  13.6 g. 
(729%) of trans-decahydroquinoline hydrochloride (identifie? 
as  before) and distilling the filtrate afforded 9.0 g. (405, 
yield) of XIVb,  probably mainly cis, b.p.  104-106' (1.5 
mm.) ,  ~ P D  1.4862. 

The dihydrochloride salt of XIVb, recrystallized frvin eth- 
anol, melted with decomposition a t  272'. 

Aizal .  Calcd. for C13H2&12S2: C ,  55.10; H, 9.96; C1, 
25.03. Found: C, 55.24; H, 10.21; C1 (ionic), 24.48. 

Reaction of XIVc with Trimethylamine. Preparation of 
V.-Into a solution cf 10.0 g. (0.04 mole) uf XIVc in 75 ml. 
of ethanol was bubbled 12.0 g. (0.2 mole) of anhydrous tri- 
methylamine. Xfter being heated in a pressure bottle a t  
50" for 16 hr . ,  the solution was evaporated in UQCUO to  yield 
12 g. of a thick oil residue. This material rapidly liberated 
trimethylamine on standing. It was, therefore, redissolved 
in ethanol and treated with ethereal hydrogen chloride. Re- 
moval of the ethanol under reduced pressure left an oil which 
was crystallized and several times recrystallized from iso- 
propyl alcohol-ether t o  yield 4.3 g. of V, m.p. 238-211'. 

Reaction of 2-Methyldecahydroisoquinoline (cis-tmns 
Mixture) with 3-Bromopropyl-N-methylpyrrolidinium Bro- 
mide. Preparation of VI1 and VII1.--h solution of 11.0 g. 
(0.07 mole) of the N-methyldecahydroisoquinoline mixture 
and 20.7 g. (0.07 mole) of 3-bromopropyl-S-methylpyrrolidin- 
ium bromide" in 50 ml. of acetonitrile was refluxed on the 
steam-bath for 7 hr .  The solid which precipitated from the 
cooled solution was recrystallized from isopropyl alcohol to 
give9.6 g. of white powder, m.p .  188-193". Two further re- 
crystallizations afforded 2.0 g. of VII ,  m.p .  218-220'. 

Recrystallization of a mother liquor fraction from iso- 
propyl alcohol provided VII I ,  m . p .  188-189'. 
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2,4,6-Tri-p-chlorophenylpyridine-a By-product of a Fischer Indole Transformation1 
BY ROBERT H. CARLIN AKD LUIS A A I O K O S - ~ ~ ~ A R I N ~  

RECEIVED JVLY :%, 19.58 

A by-product previously isolated from the Fischer reaction of p-cliloroacetophenvlle 2,6-dichlorophenylhydrazone with 
Inolten stannous chloride a t  260' has now been shown to be 2,4,6-tri-p-chloropllenylp~-ridine. The chief product of this re- 
action was 2-p-chlorophenyl-7-chloroindole, b u t  a small amount of 2-p-chlorophenyl-5,7-dichloroindole has also been iso- 
lated. A% relatively larger amount of the latter compound and a better conversion of the hydrazone to  products was ob- 
served when stannous chloride-hydrogen chloride replaced stannous chloride as the promoter and when the reaction tem. 
perature was 160", bu t  no triarylpyridine was formed under these conditions. 2,4,6-Tri-p-chlorophenylpyridine was also 
formed, along with 2-p-chlorophenyl-7-chloroindole, when p-chloroaeetophenone o-chlorophenylhydrazone was fused with 
stannous chloride a t  300". The  same hydrazone, when heated t o  300" with zinc chloride, gave 2-phenylindole as the only 
crystalline product. p-Chloroacetophenone phenylhydrazone gave only 2-p-chlorophenylindole and no triarylpyridine 
when fused with stannous chloride at 260". An unexpected stability of p-chloroacetophenone o-chlorophenylhydrazone 
was demonstrated when 33% of i t  was recovered unchanged after a n  hour's treatment with stannous chloride a t  260". 

An investigation of the action of molten stannous 
chloride on the 2,B-dichloropheny lhydrazones of 

five ketones disclosed that each reaction yielded a 
7-chloroindole but that a by-product could be 

(1) Submitted in partial fulfillment of the requirementi for the de- 
gree of Doctor of Philosophy a t  the Carnegie Insti tute of Technology. 

in O n l y  One p-chloroacetophenone 
( 2 )  American Viscose Gorp Fellow, 1954-1965. 
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2,6 - dichlorophenylhydrazone gave 2-p-chloro- 
phenyl-7-chloroindole in 6% yield plus an 11% 
yield of a crystalline substance (A), m.p. 262', 
whose analytical values corresponded to the 
empirical formula C24H18NC13.3 At that time this 
by-product was observed to give a negative 
Ehrlich test,4 but no effort was made to establish 
its structure. The investigation described here 
was undertaken in an effort to prove the structure 
of the by-product (-4) and if possible to show how it 
was formed. Some incidental observations on 
Fischer reactions of several p-chloroacetophenone 
arylhydrazones under various conditions are also 
recorded. 

Repetition of the original experiment in which 
the hydrazone I was heated a t  240-260' with mol- 
ten stannous chloride produced chiefly intractable 
tars; however, small amounts of three crystalline 
solids could be separated and purified by fractional 
crystallization and chromatography. Two of the 
products, the indole 11 and the by-product (A), 
had been isolated during the earlier investigation, 
but the third, 2-p-chlorophenyl-5,$-dichloroindole 
(111), had not been isolated before from the 
products of this reaction. The structures of the 
two indoles I1 and I11 were established by mixed 
melting point determinations with authentic sam- 
ples. 

rf",UR CH; R\fi7 
I 

~ N H I U = C ' C , H , C ~ - ~  +NAc6H4cl-Il 
R' R'  H 

I, R = R ' = C l  11, R = H, R'= C1 
IV,R=H, R'=C1 111, R = R' = C1 
V, R = R ' = H  VI, R = R ' = H  

In the hope that a successful Fischer transforma- 
tion of I a t  lower temperatures might produce more 
crystalline product and less tar and that hydrogen 
chloride-stannous chloride might promote the re- 
action a t  lower temperatures than those required 
when stannous chloride alone was employed, we 
treated I with the acid complex. Reaction oc- 
curred at  160°, but the crystalline product, ob- 
tained in 20co yield, comprised I1 and I11 in about 
:? :1 ratio, and no by-product (,2) could be isolated. 
I t  is curious that in the presence of hydrogen chlo- 
ride, which with stannous chloride constitutes a 
source of hydrogen for reduction, compound I gave 
relatively more halogen migration product I11 and 
relatively less reduction product I1 than were 
formed in the presence of stannous chloride alone. 

Careful purification of A yielded a sample melt- 
ing a t  269-270'. Analysis of this sample accorded 
with the formula C23Hl&C13 rather than with the 
one derived in the earlier ~ o r k . ~  Hourever, either 
formula suggested the possibility that only the 
ketone portion of I took part in the formation of A. 
This possibility was tested by heating p-chloro- 
acetophenone o-chlorophenylhydrazone (IV) with 
stannous chloride a t  300', and the venture was 
rewarded when 2.2 g. of A, along with a 20y0 
yield of the anticipated indole 11, was isolated 
from 64 g. of IV. Analysis of a purified specimen 

74, 990 (1952). 
(3) R. B. Carlin, J .  G. Wallace and E. E. Fisher, THIS JOURNAL, 

(4) L. H. Chernoff, I n d .  E i i g .  C ~ C J I I . ,  A ~ z Q ~ .  Ed. ,  12, 2773 (1940). 
( 5 )  R. B. Carlin and E. E. Fisher, Tms JOUKKAI.. 70, 34'21 (194s). 

of A derived from this source confirmed the formula 
C23H14NC13. Incidentally, the quite unexpected 
stability of the hydrazone IV was demonstrated in 
one experiment in which it was recovered unchanged 
in 33y0 yield after an hour's heating with stannous 
chloride at  260'. An attempt also to form A by 
heating p-chloroacetophenone phenylhydrazone (V) 
with stannous chloride at 300' failed; the only 
detectable product was 2-p-chlorophenylindole (VI), 
obtained in 65% yield. 

In an attempt to discover whether zinc chloride 
could replace stannous chloride as the promoter 
of the formation of A ,  the hydrazone IV, which had 
produced the largest amount of X when heated 
with stannous chloride, was heated to 300' with 
zinc chloride. The appearance of the resulting 
reaction mixture was uncommonly forbidding; in- 
deed, charcoal was the chief product. Neverthe- 
less, a crystalline product was isolated in 47, yield 
which was proved by its analytical values and by 
its melting and mixed melting point behavior to 
be 2-phenylindole. The means employed by the 
hydrazone 1V to rid itself of both of its chlorine 
atoms while undergoing this transformation remains 
obscure. 

The ultraviolet and infrared absorption spectra 
of -4 were altogether different from those of 

halogenated 2-phenylindoles. The in- 
frared spectrum, measured in chloroform solution, 
showed no sharp band at  about 2.90 ,LL, so character- 
istic of N-H stretching in the halogenated 2- 
phenylindoles; in fact, there were no absorption 
bands of any significance a t  wave lengths below 
6 p ,  The number and character of the bands in 
the 6-73 ,LL region bore some resemblance to those of 
some simple derivatives of pyridine. 

Riehm' had observed that boiling acetophenone 
reacts with ammonia in the presence of phosphorus 
pentoxide to form 2,4,6-triphenylpyridine and 
1,3,5-triphenylbenzene. Inasmuch as the evidence 
suggested that A was formed from the p-chloro- 
acetophenone portion of I and IV, since ammonia 
was certainly being introduced into the reaction 
mixture as a result of the Fischer reactions that 
always accompanied the formation of A and be- 
cause an acidic reagent was also present when A was 
formed, the formation of 1',3,G-tri-p-chlorophenyl- 
pyridine (VII) from either I or IV during their 
Fischer reactions then appeared to be quite pos- 
sible. The fact that the analytical values ob- 

h VII. R = r4sHdC1 
R 

R ~ Q -  R 

tained from samples of A derived from I and from 
IV agreed unusually well with those calculated for 
VI1 left little doubt that A had that structure. 
The final proof was supplied by an independent 
synthesis of VI1 and the identification of the syn- 
thetic product with A by their melting and mixed 
melting points and by the essential identity of 
their infrared absorption spectra.8 

(a) R. B. Carlin and G .  W. Larson, ibid., 79, 934 (1967). 
(7) P. Riehm, A n n . .  1 (1887). 
(8) I.. Amoros-Xlarin and R.  B. Carlin, THIS JOURNAL, 81, 733 

(1959). 
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Although the conditions that led to the formation 
of VI1 from I or IV  were similar to those used by 
Kiehm' to convert acetophenone into 2,4,6- 
triphenylpyridine, the fact that Riehm also iso- 
lated 1,3,5-triphenylbenzene whereas we detected 
none of this substance suggests that different 
mechanisms may be operative. The observation 
that stannous chloride apparently is required for 
the formation of VI1 from I or IV must also be 
explained by any satisfactory mechanism. At 
least three different mechanisms may now be 
written which accord with the currently available 
information; however, a detailed search of the 
reaction mixtures to discover whether (a) methane 
and/or ammonia are evolved, (b) p-chlorobenz- 
aldehyde is formed and (c) dypnone and/or di- 
hydrodypnone derivatives are present must be 
carried out before any suggested mechanism can be 
based on more than speculation. 

ExperimentalQ 
2,4,6-Tri-p-chlorophenylpyridine. A. From p-Chloro- 

acetophenone 2,6-Dichlorophenylhydrazone (I) .-In por- 
tions, 28 g. of Is was added to  140 g. of molten stannous 
chloride, and the  mixture was then heated for 30 minutes a t  
210-260". The  cooled mixture was digested for 3 hours 
with 1 1. of 2y0 hydrochloric acid on the steam-bath, and 
the acid-insoluble material was collected by filtration and  
dissolved in benzene. The  dried (Drierite) benzene solu- 
tion was allowed to  trickle through a 2-in. column of ac- 
tivated alumina (80-200 mesh), the benzene was removed 
and the residue was dissolved in boiling ether. When cooled 
the ether solution deposited 0.52 g. of a white crystalline 
solid, m.p. 258-262'. Repeated recrystallizations from 
acetone afforded a sample of 2,4,6-tri-p-chlorophenylpyri- 
dine (VII), m.p. 269-270'. I t s  identity with a synthetic 
specimen is established in the accompanying paper! 

Anal.  Calcd. for C23H14NC13: C, 67.25; H ,  3.4s; S, 
3.41; C1, 25.90. Found: C, 6T.2;; H, 3.59; X, 3.49; 
CI, 25.95. 

The ether filtrate from the triarylpyridine \vas cnnccn- 
trated, and the residue was sublimed a t  1 p.  The sublimate 
comprised 5.8 g. of a yellow crystalline solid from which 
0 . 7  g. of 7-chloro-2-p-chlorophenylindole (II), m.p. 125- 
12ii0, was obtained by repeated recrystallizations from eth- 
anol. A sample failed to  depress the m.p. of an  authentic 
specimen3 when the  two were mixed. The  mother liquors 
from I1 were concentrated, and the residue was dissolved 
in benzene to make a 27, solution, which was chromatn- 
graphed onto a 25-cm. column of activated aluniina, and the 
chromatogram was developed with more benzene. The  first 
,500 nil. of eluate, after evaporation of the benzene, yielded a 
solid, m.p .  1lt5-122', but the second fraction similarly 
treatcd g tve  0.06 g. of crJ-stalline material, m.p.  147-150'. 
Recrystallization from mixed heptanes afforded white 
needles, m.p .  104-1G0, undeprcssed when mixed with ~ L I -  
tlientics 5,7-dichloro-2-p-chlorophenylindole (111). 

B. From p-Chloroacetophenone o-Chlorophenylhydrazone 
(IV).-.\ mixture of 64 g. of 1 ~ 5  and 300 g. of anhydrous 
stannous chlrrricte was heated for 2 liirurs a t  300'. Treat- 
inent of the reaction mixture in accordance with the pro- 
cedure described in part  A gave 2.7 g. of a white crystalline 
solid, m.p.  260-264', and recrystallization from acetone 
afforded white needles, m.p. 269-270". Mixed melting 
pnint determinations with a sample prepared as described in 
part  A and with a synthetic specimen8 of 2,4,6-tri-p-chloro- 
phenylpyridine (VII) revealed no depressions. 

Anal. Calcd. for C23HllNCIa: C, 6T.25; H, 3.44; S, 
3.41; C1, 25.90. Found: C, 67.38; H, 3.61; N, 3.41; 
C1, 25.55. 

The dark, oily residue tha t  remained after evaporation of 
the  ether from the filtrate from the triarylpyridine was dis- 
solved in hot chloroform. This solution when cooled de- 
posited 13.1 g. (2Oyc) of a crystalline material which, after 

(9) Melting points are corrwted. 

recrystallization from chloroform, melted at 122-125', un- 
depressed when a sample \vas mixed with authentic3 2-p- 
chlorophenyl-7-chloroindole (11). 

The  Fischer reaction of p-Chloroacetophenone 2,6-Di- 
chlorophenylhydrazone (I) Promoted by Stannous Chloride- 
Hydrogen Chloride.--,4 stirred slurry of 152 g. of anhydrous 
stannous chloride in 800 ml. of anhydrous ether was treated 
for 3 hours with dry hydrogen chloride; then 40 g.  of  I was 
added, and the mixture x a s  stirred overnight. An Ehrlich 
test4 was negative. The  ether was removed, and the res- 
idue \vas heated at 15U-160" for 10 minutes. The  dark, 
tarry mixture was digested with hydrochloric acid and the 
:icid-insnluble portion dissolved in benzene in accordmce 
with the procedure described above. The benzene extract 
\vas allowed to pass through a 2-in. aluniina column, the 
benzene XTas removed from the filtrate, and the residue 
vas  subjected to  sublimation a t  1 p .  The sublimate, i~ 
crystalline solid weighing 8 g., was recrystallized from mixed 
heptanes, from which it appeared as a yellowish solid, m.p. 
ll&121°. Both the crystalline material and mother liquor 
were subjected to  chromatography on alumina. The  sub- 
stance to  be chromatographed was first dissolved in a mix- 
ture of mixed heptanes and benzene (4 : l  to  6:1),  and the 
solution was allowed t o  run through the column; then de- 
velopment was carried out with mixed heptane-benzene 
mixtures increasingly rich in benzene and finally with ben- 
zene-methanol. This procedure separated the mixtures into 
fractions melting in the range 121-128', which cnuld readily 
be recrystallized from ethanol to j-ield pure 2-p-chlorophenyl- 
chloroindole (II), m.p.  and mixed m.p. 125-126O; ant1 
fractions tha t  were more highly adsorbed on alumina, niclt- 
ing in the range 15G-l05O, from which pure 2-p-chloro- 
phenyl-5,7-dichloroindole (III), m . p .  and mixed m .p. 164.- 
165O, could be obtained by recrystallization from mixed 
heptanes. The  cliromatograms gave I1 and I11 in about 
3 : 1 molar ratio. 2io triarylpJ-ridine was discovered either 
in the chromatographic work or by treating the residue from 
the original benzene extracts with ether. 

Recovery of p-Chloroacetophenone o-Chlorophenylhydra- 
zone (IV) after Exposure to Molten Stannous Chloride.- 
In portions 62 g. of I V  was added to  300 g. of molten stan- 
nous chloride a t  260". Treatment of the cooled mixture in 
accordance with thc standard procedure described above 
gave 22 g. (3354) of an ether-insoluble fraction, from which 
long, white needles, m.p. 80-8Zo, were obtained after re- 
crystallization from petroleum ether (b.p. 80-l10°). :\ 
mixture cf this material and IV showed no m.p. depression. 
The  ether-soluble material from the fusion reaction gave a 
positive Ehrlich test, bu t  no effort was made to  isolate an  
intiole. 

2-Phenylindole from the Reaction of p-Chloroacetophe- 
none o-Chlorophenylhydrazone (IV) with Zinc Chloride.-:bn 
intimate mixture of 23 g. of IV with 125 g.  of anhydrws  
zinc chloride was heated at 300' for 15 minutes. The cooled 
prtrduct, nkich rescnlhled charcoal, was given the usual 
hydrochloric acid digestion :mtl benzene extractifm. The 
residue remaining after e'vaporatiiin of the benzene \\:is 
subjected to suhlimatirw a t  1 p ,  ant1 the sublimate ( 1  g.) WJS 
recrystallized from petroleum etlicr (h.1,. 60-110'). The 
product formed wllilc prisms, i i i . ~ > .  18G-lx7", alone o r  wl~cn 
mixed with an authentic sar~iplc . '~  
.4d. Calctl. for CIIHIIN:  C,  87.03; € I ,  5.M; S, 7.2<?. 

Found: C, 86.74; H ,  3.T5; hT, 7.43. 
Absorption Spectra.---The ultraviolet absorption spcctrutii 

o f  2,4,6-tri-p-chlorophenylpyridine, measured in ethanl ) I  
solutinn by means o f  a Beckman model DU spectrophotom- 
eter, showed maxima a t  280 and 320 mp (e 55,000 and 
11,310, respectivell-) and minima at 230 and 303 mp (e 
18,500 and 9,100, respectively). Its infrared absorptiorl 
spectrum, measured in chloroform solution at about 20 
mg./ml. concentration by means of a Perkin-Elmer model 
21 double beam infrared spectrophotometer equipped with 
sodium chloride optics, showed the following bands (in 
microns): 6.23i, 8.33m, 6.47i, 6.TOi, 7.05m, 7.23111, 8.S8n, 
9.15i, 9.86i, 1 1 . 3 3 ~ ~  12.17i. 
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