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It was es tab l i shed  by the method of i n t r amolecu la r  compet i t ion during the fo rmat ion  of an 
indole r ing f r o m  N,N-d ia ry lhydrazones  in acidic media  that a ry l  groups  with p - e t h o x y c a r -  
bonyl o r  m - m e t h o x y  groups  a r e  l e s s  r eac t ive  than unsubsti tuted phenol, whereas  the 2-  
naphthyl group is m o r e  reac t ive  than the phenyl group. The resu l t s  a r e  examined f r o m  the 
point of view of the quali tat ive c lass i f ica t ion  of the subst i tuents  with r e s p e c t  to the i r  e l ec -  
t ronic  effects .  

In the case  of compet i t ive  cycl izat ion of N,N-d ia ry lhydrazones  of cyclohexanone and re la ted  ketones 
e l ec t ron -donor  subst i tuents  (CHsO and CHs) in the p a r a  posi t ion of the phenyl ring fac i l i ta te  cycl iza t ion as 
compared  with the hydrogen a tom [1]. 

In the p r e se n t  p a p e r  we p r e s e n t  the resu l t s  of indolization of a number  of o ther  d ia ry lhydrazones  of cy-  
clic ketones obtained without isolat ion in the f r ee  s ta te  f rom hydrazines  I-IV and cyclohexanone,  as well  as 
f r o m  hydrazine IV and t e t r ahydro-4- th iapyrone ;  in addition, we accompl i shed  the condensation of hydrazine V 
with cyclohexanone.  Substituted indoles VI-XV were  identified among the reac t ion  products .  In the case  of the 
reac t ion  of hydraz ines  I - I I I  the ra t io  of indole compounds (in the case  of good overa l l  yields)  was  de te rmined  
by PMR and IR spec t roscopy .  
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A p-e thoxycarbonyl  group apprec iab ly  p a s s i v a t e s  the benzene ring: VI and VH were  obtained in 85 and 
15% re la t ive  y ie lds .  In p r e p a r a t i v e  expe r imen t s  on the indolization of the hydrazones  f r o m  IV and cyc lohexa-  
none o r  t e t rahydro th iapyrone  74% VHI or  61% IX was obtained. The i somer i c  subst i tu ted indoles w e r e  not de-  
tected in the reac t ion  products .  The low reac t iv i ty  of the pyr id ine  ring (par t icular ly  in the protonated  form) is 
well  known [2], and addit ional proof  of the s t r u c t u r e  of VHI and IX was the re fo re  unnecessa ry .  

It has been  es tab l i shed  by kinetic s tudies [3, 4] that cyclohexanone 3-methoxyphenylhydrazone  is cycl ized 
m o r e  slowly than the unsubst i tuted phenylhydrazone (the ra t io  of the r a t e  constants  is 0.64-0.84 : 1). Our ex- 
p e r i m e n t s  on the condensat ion of hydrazine  II with cyclohexanone a r e  in a g r e e m e n t  with this: i s o m e r s  X, XI, 
and XII we re  obtained in 20, 26, and 54% re la t ive  y ie lds ,  which co r r e sponds  to a ra t io  of 0.85 : 1 of the overa l l  
y ie ld  of cycl izat ion products  with r e s p e c t  to the methoxyphenyl  group to the y ie ld  of the N-methoxyphenyl  de- 
r iva t ive  of indole. In [3] on the bas i s  of the l i t e ra tu re  data [4-6] and his own data on the kinet ics  of indoliza- 
tion of r ing-subs t i tu ted  cyclohexanone a ry lhydrazones  (in 60% aqueous methanol  with excess  HC1 and ketone at 
43.2~ E l g e r s m a  concluded that the r a t e  of fo rma t ion  of indoles depends on the bas ic i ty  of the 1-N a tom of the 
hydrazone,  which is p r e d e t e r m i n e d  by the bas ic i ty  of the cor responding  aniline.  However,  the r a t e  constants  
for  the cycl iza t ion of 1- and 2-naphthylhydrazones  and the 2 -methy lphenylhydrazone  were  found to be higher  
than that of the phenylhydrazone,  although the bas ic i t i e s  of the cor responding  a r y l a m i n e s  a r e  lower than that of 
anil ine (pKa) 3.92, 4.11, 4.39, and 4.58, respec t ive ly) .  According to our  exper iments ,  the 2-naphthyl  res idue  
also d isplays  high reac t iv i ty  (by a f a c t o r  of four,  with al lowance fo r  the pa r t i a l  react ivi ty)  as compared  with 
the phenyl res idue:  the reac t ion  mix tu re  cons is ted  of 33% i s o m e r  XIII and 67% i s o m e r  XIV. The third i s o m e r  
(with a benzocarbazo le  s t ruc ture)  was not detected.  

4 -Aminocoumar in  is the h e t e r o a r o m a t i c  analog of 1-aminonaphthalene,  but it has a cons iderab le  deficit  
of v - e l e c t r o n  densi ty at 4-C (its bas ic i ty  is comparab l e  to the bas ic i t i e s  of amides)  [7, 8] and excess  negat ive 
cha rge  on 3-C.  In the case  of indolization of the hydrazone f r o m  hydrazine V we a sce r t a ined  that the 3 pos i -  
tion of the coumar in  res idue  has lower  reac t iv i ty  (it is unlikely that this is due to sufficiently comple te  s ec -  
ondary  protonat ion of the carbonyl  group) than the ortho posi t ion of the phenyt r ings:  X, which was identified 
f r o m  the 3 -H signal  of the pyrone  ring (5 6.3 ppm, in CC14) , was isola ted in 64% yield.  

The r e su l t s  that  we obtained here  and prev ious ly  [1] with r e s p e c t  to the de te rmina t ion  of the re la t ive  
or ient ing abi l i t ies  of subst i tuents  in the a ry l  por t ion  of d ia ry lhydrazones  coincide quali tat ively with the r e l a -  
tive kinetic c h a r a c t e r i s t i c s  of the effect  of the cor responding  subst i tuents  in monoary lhydrazones  [3-6]. The 
data of o ther  r e s e a r c h e r s  on the cycl iza t ion of d ia ry lhydrazones  a re  also in a g r e e m e n t  with the indolization 
kinet ics .  A chlor ine a tom in the 4 posi t ion of cyclohexanone N,N-diphenylhydrazone and a methoxy group in 
the 2 posi t ion of pyruvic  acid diphenylhydrazone slow down cycl izat ion in the subst i tuted phenyl ring [9, 10]. In 
[10] it was  a s sumed  that the cycl izat ion of hydraz ine  I with pyruvic  acid leads only to a benzene r ing-unsubs t i -  
tuted indole. The 4-methoxy  group ac t iva tes  the ring [9, 10].* The t e t rahydrocarbo l ine  s t ruc tu re  [11] was 
ass igned  to the product  of indolization of IV with 1 -methy l -4 -p ipe r id idone ,  which was obtained in a p r e p a r a t i v e  
exper iment .  It has been  a s s u m e d  that  the cycl izat ion of N-phenyl-N-(3~5-dimethylphenyl)hydrazones  takes 
p lace  in the subst i tu ted ring [12]. 

Hence we a r r i v e  at  the following impor tan t  conclusions.  1) Since the ni t rogen a toms and the ene por t ion  
in N ,N-d ia ry lhydrazones  a r e  common to both a ry l  groups,  the re la t ive  orient ing abi l i t ies  of the subst i tuents  in 
the a ry l s  should not be d i rec t ly  de te rmined  by the r a t e s  of the tau tomer ic  t r ans fo rma t ions  and the equi l ibr ium 
constants  of the pro tona ted  f o r m s ,  whe reas  in the case  of indolization of monoary lhydrazones  the ra te  of r e -  
a r r a n g e m e n t  may  depend d i rec t ly  on the degree  of protonat ion,  the ra t io  of the nonidentically protonated fo rms ,  
the r a t e s  of tau tomer iza t ion ,  the equi l ibr ium constants  of the va r ious  fo rms ,  etc. 2) The r a t h e r  good qual i ta-  
t ive a g r e e m e n t  between the r e su l t s  of es t imat ion  of the effect  of subst i tuents  on the re la t ive  r eac t iv i t i e s  of 
N ,N-d ia ry lhydrazones  and N-monoary lhydrazones  during ac id -ca t a lyzed  indolization (at l eas t  within the scope 
of the reac t ions  invest igated in this respect )  const i tu tes  evidence that the r e a r r a n g e m e n t  p r o p e r  is a s lower  
s tep than protonat ion and tautomer iza t ion;  m o r e o v e r ,  the tau tomer ic  equi l ibr ium and protonat ion constants  in 
va r ious  h y d r a z o n e s  with an identical  carbonyl  component  evidently do not change under  the influence of sub-  
s t i tuents  to such an extent  that the c h a r a c t e r i s t i c  effect  of the subst i tuents  on the r a t e  of r e a r r a n g e m e n t  of the 
enehydrazine  is masked .  In con t r a s t  to this, the s t ruc tu ra l  pecu l i a r i t i e s  of the carbonyl  components  (in the 
case  of an identical  hydrazine  portion) cannot marked ly  affect  the r a t e s  of r e a r r a n g e m e n t  not only because  of 
the di f ferent  r eac t iv i t i e s  of the ene f r agm en t  during fo rma t ion  of a new C - C  bond but also because  of the shif t  

* The expe r imen ta l  conditions, the analyt ical  methods,  and the c h a r a c t e r i s t i c s  of the reac t ion  products  we re  
not desc r ibed  in the b r i e f  Communication (theses) [10]. 
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of the t au tomer ic  equi l ibr ium, which is known f rom numerous  p r e p a r a t i v e  exper iments ,  semiquant i ta t ive  de t e r -  
minat ions  [13, 14], and kinetic m e a s u r e m e n t s  [6]. 

A fundamental ly  d i f ferent  r e a r r a n g e m e n t  mechan i sm was  e x p r e s s e d  in [3]: the hydrazone f o r m  r a t h e r  
than the enehydrazine  f o r m  undergoes  this t r ans fo rma t ion  through a noncyclic t rans i t ion state,  and ',the f ac to r s  
that a r e  favorab le  fo r  achieving the t rans i t ion  s ta te  a re :  a re la t ive ly  high e lec t ron  density on the 1-N a tom 
and a re la t ive ly  reduced e lec t ron  density on the 2-C atom of the a roma t i c  ring in the t rans i t ion  s t a t e ,  [3]. 

The r e su l t s  of cycl iza t ion  of va r ious ly  subst i tuted (in the a roma t i c  rings) N,N-d ia ry lhydraz ines  and some  
o ther  fac ts  do not conf i rm the p roposed  m e c h a n i s m  [3], but the conclusion that in the invest igated ca se s  the 
r e a r r a n g e m e n t  s tep p roceeds  m o r e  slowly than all  of the preceding  equi l ibr ium p r o c e s s e s  [3] mus t  be con-  
s idered  to be c o r r e c t . *  

Af ter  the c r i t i c i s m  [15] of the mechan i sm of the r e a r r a n g e m e n t  of a ry lenehydraz ines  that includes e l ec -  
t rophi l ic  a t tack  of the ene f r agm en t  on the a r o m a t i c  ring, no new approaches  that explain,  at l eas t  on a qual i ta-  
t ive level,  the dependence of the re la t ive  r a t e s  of r e a r r a n g e m e n t  of enehydraz ines  on the c h a r a c t e r  of the sub- 
s t i tuents  appeared .  One can the re fo re  draw attention to some fac to r s  the considera t ion  of which would enable 
one to at  l ea s t  c lass i fy  the subst i tuents  and the i r  posi t ion with r e s p e c t  to the i r  effect  on the ease  of r e a r r a n g e -  
ment ,  r e g a r d l e s s  of the so r t  of fine m e c h a n i s m  of bond c leavage  and bond fo rmat ion  that is involved in the 
p r o c e s s .  It mus t  be a s s u m e d  that an inc rease  in the negat ive charge  on the 2-C a tom of the a roma t i c  ring~ 
will  m o s t  effect ively p romote  the r e a r r a n g e m e n t  only when it is a consequence of t r a n s m i s s i o n  of the e lec t ron  
density d i rec t ly  f r o m  the 1-C atom.  One mus t  the re fo re  take into account  the effect  of the subst i tuents  on the 
charge  densi ty not only with r e s p e c t  to the 2-C atom but also (and par t icu lar ly)  with r e s p e c t  to the 1-C atom.  

The 4-CH30 group substant ia l ly  r a i s e s  the e lec t ron  densi ty on 1-C a tom and somewhat  lowers  the nega-  
t ive charge  on the 2-C a tom (the PKa values  of m -  and p-an i s id ines  a r e  4.20 and 5.29). The 3 -CH s and 4-CH 3 
subst i tuents  also acce l e r a t e  the r e a r r a n g e m e n t ,  ra i s ing  the negative charge  on the 1-C and 2-C a toms  (the 
pK a values  of m -  and p- to luidines  a r e  4.69 and 5.12); the r a t e  of indolization of the p - to ly lhydrazone  is higher  
than that of the me ta  i s o m e r  [3]. The 2-CH30 group somewhat  deact iva tes  the 2-C posi t ion and has an un- 
f avo rab le  effect  on the charge  densi ty on 1-C (the pK a value of o-anis id ine  is 4.49). The 3-CH30 group ac t i -  
va tes  the p a r a  posi t ion with r e s p e c t  to i t  but p a s s i v a t e s  the o r thopos i t ion  and, what is m o r e  important ,  lowers  
the e lec t ron  density on 1-C.  As a resul t ,  the ring as a whole is somewhat  deact ivated (with al lowance for  a 
l e s s e r  degree  of s t e r i c  hindrance than p re sen t ed  above). The introduction of two CH30 groups  in both me ta  po-  
s i t ions of one of the phenyl r ings  of pyruvic  acid N,N-d ia ry lhydrazone  ensu re s  indolization only of the subs t i -  
tuted phenyl r ing [10], in all  l ikelihood due to p redominance  of the concer ted  dynamic effect  of the methoxy 
groups.  The "anomalous"  reac t iv i t i e s  of 1- and 2-naphthylhydrazones  a re  eas i ly  explained by the inc reased  
bond o r d e r  [16], i .e. ,  by the inc reased  e lec t ron  density in the C 1 - C  2 zone of naphthalene. In the case  of the 
o- to ly lhydrazone,  one should take into account the nonconformity  between the exper imenta l ly  de te rmined  ioni- 
zat ion constant  of o- toluidine and the e lec t ron  densi ty in the ortho posit ion: because  of the ortho effect,  the 
bas ic i ty  is reduced by 0.6 pK a units (for example ,  see  [16]). o -To ly lhydraz ine  is only sl ightly m o r e  bas ic  than 
phenylhydrazine  [17]; the PKa values,  r e spec t ive ly ,  a re  5.32 and 5.27 (the ortho effect  on the bas ic i ty  of the 
fl-NH 2 group is not mani fes ted  here) .  This fac t  mus t  also be borne  in mind during evaluat ion of the orient ing 
abili ty of a m - m e t h y l  group (see above). E l e c t r o n - a e c e p t o r  subst i tuents  in any posi t ion of the a roma t i c  ring 
have a deactivat ing effect  (for example ,  the PKa values  fo r  m -  and p-e thoxycarbonylan i l ines  and m-  and p -  
chloroani l ines  a re ,  r espec t ive ly ,  3.64, 2.38, 3.34, and 3.98). The dynamic effects  of subst i tuents  should p rob -  
ably be mani fes ted  in the case  of sufficiently high initial pe r tu rba t ion  of the act ive  cen te r s  [18]. All of this in- 
d icates  that  even a single and ve ry  s imple  change in the s t ruc tu re  of the a ry lhydraz ine  por t ion  of the molecule  
(including the 1-N atom) is capable  of giving r i s e  to effects  that act  in the opposi te  direct ion.  

One cannot ye t  give an unambiguous answer  to the question as to whether  acid ca ta lys i s  occurs  in the step 
involving r e a r r a n g e m e n t  of the enehydrazine  by means  of the method of compet i t ive  closing of the indole r ing in 
N,N-d ia ry lhydrazones .  However ,  it has been  convincingly demons t ra t ed  [13] in the ca se  of the indolization of 
N ,Nl -d imethy l -N-pheny lhydraz ines  with va r ious  ketones and aldehydes that acids marked ly  a c c e l e r a t e  the r e -  
a r r a n g e m e n t  of s y s t e m s  with a fixed ene port ion.  It is usual ly a s sumed  that in the case  of ac id -ca ta lyzed  indo- 

* In the case" of a sufficiently high degree  of protonation of the hydrazones  (acid concentra t ion  0.6 M, pK a 3 fo r  
cyclohexanone phenylhydrazone) the d i f ference  in the reac t ion  r a t e s  should not depend on the concentra t ion  of 
the protonated  f o r m  [3]. 

F o r  convenience,  we will  designate only the a tom in the ortho posi t ion with which a new C - C  bond is f o r m e d  
as the 2-C atom; r e g a r d l e s s  of this, the numbering of the subst i tuents  is c a r r i e d  out in the usual o rde r .  
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l iza t ion the hydrazone  is pro tona ted  at  the 2 -N a tom (see also [13], in which the bas ic i t i e s  of aniline and amino-  
vinyl  s t r u c t u r e s  a r e  compared) .  However,  there  have often been c a s e s  in which the bas ic i ty  of the v inylamine  
por t ion  of the molecule  is undoubtedly lower  than the bas ic i ty  of the anil ine por t ion  (for example ,  in a r y l h y d r a -  
zones  of 1 ,3-d icarbonyl  compounds).  Consequently,  in the gene ra l  case  acid ca ta lys i s  will be r ea l i zed  by p r o -  
tonation of the 1-N or  2 -N a tom in a ry lhydraz ines ,  fo r  which reason ,  the effect  of a substi tuent ,  it s e e m s  to us, 
s o m e t i m e s  may  be r e v e r s e d . *  

The cons iderably  l e s s  e x p r e s s e d  effect  of subst i tuents  in the a roma t i c  r ing during the indolization of 
a ry lhydrazones  with r e s p e c t  to the effects  of the cor responding  subst i tuents  in o rd ina ry  e lec t rophi l ic  a roma t i c  
subst i tut ion reac t ions  [16] should be explained by the fact  that in the f i r s t  case  the reac t ion  ra te  is evidently 
cont ro l led  not only by the cha rge  on the t e rmina l  a toms  of the s y s t e m  but is also substant ia l ly  dependent on the 
energy  (determined by many fac tors )  of c leavage  of the N -  N bond and the poss ib i l i t i es  of effect ive par t ic ipa t ion  
of the C 1 - C  2 f r a g m e n t  in the cycl ic  t rans i t ion  s t a t e ~  however,  on the whole, the p r o c e s s  is f o rma l ly  desc r ibed  
as an orb i ta l ly  control led  recyc l i za t ion  reac t ion  with a [3 ,3]s igmatropic  shif t  [15, 22, 23]. 

]?hus our  p roposed  method of compet i t ive  closing of the indole ring of N,N-d ia ry lhydrazones  makes  it 
poss ib le  to d i rec t ly  evaluate  the or ient ing ef fec t  of subst i tuents  in the a ry l  por t ion of the molecule  on the s tep 
involving the r e a r r a n g e m e n t  of the enehydraz ine  f o r m  and fac i l i ta tes  uncovering of the s teps  that de t e rmine  
the ra te  of the en t i re  indolization p r o c e s s  and c la r i f i ca t ion  of some  aspec ts  of the mechan i sm of the r e a r r a n g e -  
m e n t  of enehydraz ines  and re l a t ed  s y s t e m s .  

E X P E R I M E N T A L  

The PMR s p e c t r a  of the compounds w e r e  r eco rded  with Var ian  T-60 and B r ~ k e r  WN-90 s p e c t r o m e t e r s .  
The IR s p e c t r a  of CS 2 or  CC14 solutions of the compounds were  r eco rded  with a P e r k i n - E l m e r  457 s p e c t r o m e -  
te r .  The UV s p e c t r a  of alcohol solutions (10-5-10 TM M) of the compounds were  obtained with a P e r k i n -  E l m e r  
420 spec t ropho tomete r .  The genera l  method fo r  the de te rmina t ion  of the ra t ios  of the indolization products ,  the 
moni tor ing  of the pur i ty  of the individual subs tances ,  and the qual i ta t ive moni tor ing of the composi t ions  of the 
i s o m e r i c  compounds of the indole s e r i e s  have been p rev ious ly  desc r ibed  [1]. A loose l aye r  of A1203 [activity II 
o r  HI, CCl4 -benzene  (4 �9 1) o r  ch lo roform]  and Silufol UV-254 p la tes  (chloroform) were  used fo r  th in - layer  
ch roma tog raphy  (TLC). 

The individual indole de r iva t ives  (VI, VIII, IX, XIV, and XV) w e r e  isola ted f r o m  the reac t ion  mix tu re s  in 
a number  of ca ses ,  whe reas  VII, XI, and XIV w e r e  obtained by independent methods (see Table 1). Compounds 
X, XII, and XIII w e r e  obtained as r e f e r e n c e s  by independent methods and were  c h a r a c t e r i z e d  only by the i r  PMR 
and IR spec t r a .  The following is a l i s t  of the compounds,  solvents ,  and chemica l  shif ts  of the protons  of the 
groupings  used fo r  the analys is  of the ra t ios  o f the indol iza t ion  products :  X, benzene,  3.46 (5-CH30); XI, ben-  

TABLE 1. 

Com- 

pound 

vi b 
vii c 

VlII~. 
I X  ,~ 
Xl~- 

xivP, c 
xv b 

Compounds VI-IX, XI, and XV 

bp (mm) or 
mp, a ~ 

98--99 
83--84 

52,5--54 
92--93 

205--207 (2) 
135--136 
172--174 

Found, % Empirical Calculated, % 
G H 

78,3 6,6 
79,0 6,6 
82,2 6,6 
72,3 5,3 
83,0 7,2 
88,5 6,6 
80,5 5,5 

N formula 

4,2 C21H21NO2 
4,6 C~IH2tNO2 

I 1,5 C,7H,sN2 d 
10,3 CI6HI4N.~S 
4,9 CIgHI~NO 
4,9 C~HIoN 
4,6 C21HITNO2 

78.8 
78,8 
82,2 
72,1 
82.9 
88,8 
80,0 

H N 

6,8 4.4 
6,8 4,4 
6,5 11,3 
5,3 10,5 
6,9 5,0 
6,4 4,7 
5,5 4,4 

acompounds  VI, XIV, and XV were  r e c r y s t a l l i z e d  f r o m  alcohol, 
and VH, VIII, and IX were  r e c r y s t a l l i z e d  f r o m  pe t ro l eum ether .  
bThese  compounds w e r e  isola ted f r o m  the reac t ion  mix tu re s .  
CThese compounds were  obtained by an independent method. 
dFound: S11.8%. C16H14N2S. Calculated:  S12.0%. 

,,I, 

* See [19] fo r  the exper imenta l ly  es tab l i shed  m e c h a n i s m  of the benzidine r e a r r a n g e m e n t  in the case  of double 
protonat ion  of the N and C a toms .  
t The effect  of p a r a  subst i tuents  on the ra te  of Cla isen  r e a r r a n g e m e n t  could not be c o r r e l a t e d  [20, 21], and it 
was  c o r r e c t l y  noted in [20] that in addition to the ef fec t  of a subst i tuent  on the p a r a  and meta  posi t ions  of the 
benzene ring, one would also have to take into account  its effect  on the ease  of c leavage  of the C - O  bond. 
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zene ,  3.3 {7-CH30); XII, benzene,  3.1 {3,-CH30); VI,* CCI 4, 8.0 and 8.27 (signal f r o m  two basic components of 
3-H and 5-H of the AA1MM 1 sys tem in the 4-ethoxyearbonylphenyl  group; the rec ip roca l  two-component  signal 
f r om 2 ' - H  and 6 ' -H  is found at 7.4 ppm); VII, CCI 4, 7.6 [7-H, q, J1 = 9 Hz, J2 = 2 Hz; the rec ip roca l  signals (d 
8-H, J1 = 9 Hz, and 5-H, J2 = 2 Hz) a re  found at 5 7.6 and 7.0 ppm, respect ively] ;  XIII, CC14, 2.45 and 2.65 (4H, 
unresolved m, 4-H and l -H);  XIV, CC14, 2.55 (2H, l l - H ,  m); 3.15 (2H, 8-H, m), 7.7 and 8.2 (1-H and 4-H, two q 
with Jl = 7.5 Hz and J2 ~ 2 Hz fo r  each) . t  The i somer  rat io es tabl ished by IR spec t roscopy f rom the peak at 
698 cm -1 for  XIV and the peak at  480 cm -1 for  XIII was in agreement  (• with the rat io  obtained f rom the 
PMR spec t ra l  data. 

N-Phenyl-N-(p-e thoxycarbonylphenyl)amine  (XVD. A mixture  of 30 g (0.182 mole) of ethyl p-aminoben-  
zoate,  80 g (0.384 mole) of iodobenzene, 38 g (0.275 mole) of calcined potass ium carbonate,  2 g (0.02 mole) of 
potass ium iodide, and 1 g of copper  powder  was heated with s t i r r ing  at 180-190~ for  9 h, a f te r  which the iodo- 
benzene was removed  by s team disti l lation, and the res idue  was ex t rac ted  with benzene.  The ex t rac t  was 
evaporated to give 10 g {27%) of amine XVI with mp I08-I I0~ (from alcohol). Found: C 74.9; H 6.3; N 5.9%. 
C15H15NO~. Calculated: C 74.7; H 6.2; N 5.8%. 

N-Phenyl-N-{p-e thoxycarbonylphenyl) -N-ni t rosoamine  (XVII). This compound, with mp 71-72~ (from 
alcohol), was obtained in 93.5% yield f rom amine XVI by the method in [1]. Found: C 66.6; H 5.2; N 10.2%. 
Cl~HI4N203. Calculated: C 66.6; H 5.2; N 10.4%. 

N-(p-Ethoxycarbonylphenyl)-N-phenylhydrazine  (I) Hydrochloride.  A) Acetic acid (10 ml) was added 
with s t i r r ing  and cooling (10~ in the course  of 2 h to a mixture  of 5.7 g (0.021 mole) of n i t rosoamine  XVII and 
15 g (0.23 g-atom) of zinc dust in 80 mt of alcohol, a f te r  which the mixture  was s t i r r e d  for  1 h. It was then 
f i l tered,  and the mother  l iquor was vacuum evaporated.  The residue was dissolved in water ,  and the solution 
was made alkaline with ammonia and ext rac ted  with e i ther .  The ex t rac t  was dried and t rea ted  with a solution of 
hydrogen chloride in e ther .  Workup gave 0.6 g (10%) of the hydrochlor ide  with mp 146-148~ Found: C 61.2; 
H 5.8; C1 12.1; N 9.7%. CisHlsN202 �9 HCI. Calculated: C 61.5; H 5.8; C1 12.1; N 9.6%. 

B) Concentrated ammonium hydroxide 05  ml) was added in port ions at 0~ to a mixture  of 6.5 g (0.024 
mole) of n i t rosoamine  XVII, 10.8 g (0.12 mole) of ammonium acetate ,  and 5 g (0.077 g-atom) of zinc dust in 
100 ml of alcohol. After  1 h, another  5 g  of zinc dust was added, and the mixture  was s t i r r ed  for  3 h. It was 
then f i l tered,  and the f i l t ra te  was vacuum evaporated+ The res idue was made strongly alkaline with sodium hy- 
droxide solution, and the mixture  was worked up as indicated above to give 1 g (14%) of the hydrochlor ide  of I. 

N- (m-Methoxyphenyl ) -N-pheny lhydraz ine  (II) Hydrochloride.  This compound, with mp 142-142.5~ (dec., 
f r om isopropyl alcohol with ether) ,  was obtained in 73% yield f rom N-(m-methoxyphenyl) -N-phenylamine by 
the method in [1] without purif icat ion of the N-(m-methoxyphenyl ) -N-phenyl -N-ni t rosoamine .  Found: C 62.4; 
H 6.0; C1 14.1; N 11.2%. C13H14N20 �9 HC1. Calculated: C 62.3; H 6.1; C1 14.1; N 11.3%. 

N-Phenyl -N-(4-coumar iny l )hydraz ine  (V). A 1.34-g (0.056 mole) sample of sodium hydride was added 
to a solution of 3 g (0.028 mole) of phenylhydrazine in 25 ml of absolute benzene, and the mixture  was ref luxed 
for  1.5 h. It was then cooled and t rea ted  with a solution of 5 g (0.028 mole) of 4 -ch lorocoumar in  in 30 ml of 
absolute benzene, and the mixture  was ref luxed for  1 h, a f te r  which it was poured into water .  The benzene 
solution was washed twice with 7% potass ium hydroxide solution and wa te r  and ext rac ted  with 7% hydrochlor ic  
acid solution. The aqueous solution was washed with 2 N sodium carbonate  solution and worked up to give 1.15 
g (16%) of hydrazine V with mp 166-167.5~ (from absolute alcohol). Found: C 71.7; H 4.8; N 11.3%. C15H12- 
N202. Calculated: C 71.4; H 4.8; N 11.1%. 

N-~-Naphthyl ) -N-phenylhydraz ine  (IID Hydrochloride.  This compound was obtained by the method in [23]. 

N-Phenyl-N-{2-pyridyl}hydrazine (IV). This compound was obtained by the method in [24]. 

Synthesis  of VII and X-XIV. Compound VII was obtained by the react ion of 6 -e thoxyca rbony l - l , 2 ,3 ,4 -  
t e t rahydrocarbazole  with iodobenzene at 180-200~ for  6 h in the p re sence  of calcined K2CO3, KI, and copper  
powder.  Compounds X-XIV (see Table 1 fo r  data on VII, XI, and XIV) were  s imi la r ly  obtained by the reac t ion  
5 -me thoxy- l , 2 ,3 ,4 - t e t r ahydroca rbazo le  [25] with iodobenzene (18 h, 180-200~ K~CO 3 and Cu), 7-methoxy-  
1 ,2 ,3 ,4 - te t rahydrocarbazole  [25] with iodobenzene (16 h, 180-200~ K~CO 3 and Cu), 1 ,2 ,3 ,4 - te t rahydrocarba-  
zole with m-bromoaniso le  (15 h, 180~ K2CO 3 and Cu), 8 ,9 ,10,11- te t rahydrobenzo[h]carbazole  with iodoben- 

* IR spec t rum in C~  (0.05 M, d 0.4 mm): 830 and 738 cm -1 (1,4- and 1,2-disubst i tuted benzene rings).  
t In addition to the compar i son  of the spec t ra  of XIII and XIV, analysis  of the spec t ra  of the model compounds 
8,9,10,11- te t rahydrobenz [h]carbazole and 9-phenyl-  1,2,3,4- t e t rahydrocarbazole  faci l i ta ted the as signment. 
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zene (14 h, 170-190~ K2CO3, KI, and Cu), and 1 ,2 ,3 ,4 - te t rahydrocarbazole  with 2-bromonaphthalene (12 h, 
200-210~ K2CO3, KI, and Cu). Compounds X and XII were  cha rac t e r i zed  by means of their  PMR spect ra ,  and 
XIII was cha rac t e r i zed  by means of its PMR and IR spec t ra .  

F i s c h e r  Indolization. These react ions  were  ca r r i ed  out with 0 .5-mmole  samples  of the hydrazine and 
ketone. The reac t ion  of the hydrochlor ides  of I o r  HI with cyclohexanone was c a r r i e d  out by refluxing (for 30 
and 60 min, respect ively)  in 25 and 15% solutions of HC1 in absolute alcohol, whereas  the reac t ion  of the hy- 
drochlor ide  of II was c a r r i e d  out in absolute alcohol (for 15 min). The reac t ion  mixture  was poured into water ,  
and the aqueous mixture  was ex t rac ted  with benzene.  The ex t rac t  was washed with concentra ted  hydrochlor ic  
acid and water ,  and the organic l ayer  was dr ied and evaporated thoroughly with a ro t a ry  vacuum evapora tor  to 
give a mixture  of VI and VII (in an overa l l  yield of 89%). Compound VI was isolated in the individual state by 
c rys ta l l iza t ion  f rom alcohol. A mixture  of XIII and XIV was obtained in 98% overal l  yield,  and XIV was iso- 
lated by t rea tment  of the mixture  with e ther  at 20~ A mixture  of X-XII was obtained in 86.5% yield; the mix- 
ture  was f rac t ionated  at 2 08-210~ (2 mm) and was analyzed for  its e lementa ry  composit ion (the resu l t s  were  
in ag reemen t  with the analysis  for  XI; see Table 1) and the i somer  ratio,  which did not change a f te r  f r a c -  
tionation. 

The reac t ion  of hydrazine IV was c a r r i e d  out in a refluxing alcohol solution of hydrogen chloride with 
cyclohexanone (15% solution, 10 min) or  te t rahydroth iapyrone  (10% solution, 45 min). The mixture  was poured 
into water ,  and the resul t ing oil was ex t rac ted  with e ther  to give VIII in 73.5% yield or  IX in 61~c yield.  UV 
spec t rum of VIII, k m a  x (log ~): 203 (4.46), 224 (4.49), 264 (4.17), and 305 nm (3.94). Compound XV was s imi-  
la r ly  obtained in 64% yie ld  f rom hydrazine V and cyclohexanone (10~c HC1 in alcohol, 3 min). IR spec t rum (in 
CC14): 1738 and 1755 cm - i  (d, often observed  in the spec t ra  of compounds of the coumarin  Series) .  UV spec-  
t rum, k m a  x (log e): 203 (4.59), 215 (4.64), 276 (4.22), and 320 nm (3.78). 
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