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A mixture  of i somer ic  N-aryl indoles  is formed in the F i sche r  cycl izat ion of N, N-diphenyl- 
hydrazones var iously  substi tuted in the p a r a  posit ion by CH 3 o r  CH30 groups.  The in t ra -  
molecu la r  competit ion method makes it possible to fo rm a judgment regarding the re la t ive  
orient ing capacity of the substi tuents in the aromat ic  ring in the step involving r e a r r a n g e -  
ment of the enamine fo rm of the hydrazone; in this case  the effect  of the ra te  of protonation 
and tautomer iza t ion  of the hydrazone is excluded. It was established that the ra te  of r e a r -  
rangement  increases  fo r  the pa r a  substi tuents in the o r d e r  H < CH 3 < CH30. 

The F i scher  cycl izat ion has been, up until now, the principal  method for  the synthesis  of d iverse  
compounds containing an indole sys tem.  However, the absence of sufficiently p r ec i s e  concepts regarding 
the mechanism of the individual steps of the indolization of a ry lhydrazones  hinders  the purposeful  synthe-  
sis of substituted indoles.  

The most  widely acknowledged mechanism is that proposed by Robinson (for example,  see [3, 4]), 
which includes the following pr incipal  s teps:  1) t au tomer ic  convers ion of the hydrazone to an enehydrazine;  
2) format ion of a new C - C  bond as a resul t  of in t ramolecu la r  rea r rangement ;  3) cycl izat ion with splitting 
out of ammonia to give an indole s t ruc tu re .  At p resen t  the problems  associated with the role  of the f i r s t  
step and the mechanism of the second step remains  unclear  in many respec ts  and a re  the subject of ex-  
tensive discussion (for example,  see [3-6]). 

In o rde r  to accumulate  exper imenta l  data that make possible  a more  profound understanding of the 
mechanism of F i scher  indolization with respec t  to the individual steps of the reaction,  we began a sys t em-  
atic study of the direct ion of indolization of N, N-diarylhydrazones  var iously  substi tuted in the a ry l  groups.  
In the general  case  this approach makes  it possible  to a sce r t a in  the orienting capacity of the substi tuents 
in the a romat ic  port ion of the hydrazine component under conditions of in t ramolecu la r  competi t ion with 
exclusion of the effect  of the ra tes  of protonat ion and tautomer iza t ion  (first  step) and cycl izat ion (third 
step) on the re la t ive  rate of the r ea r r angemen t  (second step). The method of competi t ive react ions for  
the study of re la t ive  react iv i t ies  has been sa t i s fac tor i ly  substantiated (when the n ece s sa ry  requi rements  
a re  satisfied) and is cur ren t ly  widely used (for example,  see [7, 8]). 

We selected N, N-diarylhydrazines  containing methyl or  methoxy groups in the pa ra  posit ion as the 
p r i m a r y  subjects of the p resen t  investigation. 

*See [1] for  our  p re l iminary  communications;  a b r ie f  communicat ion regarding the resul ts  of cycl izat ion 
of p -methoxy-  and p-chlorodiphenylhydrazines  was published simultaneously with it [2]. 
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TABLE 1. Results  of Indolization of Diarylhydrazines  I-III  

Diaryl- Indolizat ion Relative yield, %, 
hydrazine product from PMR data 

Chemical shifts,* 8, ppm 

CHa--C CHaO 

I 

II 

III 

I 

I 

vii 
viii 

IX 
x 

xt 
XlI 

xIII 
xIv 
xv 

xvI 

60 
40 
82 
18 
76 
24 
75 
25 
67 
33 

* For  C6H 6 solutions of VII-XII and CGH 6 + CC14 
XVI. 

2s 
2,08 

3,60 
3,33 

2,12 3,70 
2,50 3,40 
2,48 
2,38 
2,30 
2,10 

solutions of XII- 

It is known (for example, see [3, 4, 9, 10]) that e lec t ron-donor  groups in the pa ra  position of the 
a romat ic  port ions of the hydrazine component facil i tate cyclization, despite the fact that the indicated sub- 
stituents occupy the meta posit ion with r e spec t  to the carbon atom that par t ic ipates  in the formation of the 
new C - C  bond.. This c i rcumstance ,  together  with other factors ,  was used for  ser ious  c r i t i c i sm of ea r l i e r  
concepts regarding the r ea r r angemen t  of enehydrazines as electrophil ic  substitution [5]. 

The accelera t ion of the r ea r r angemen t  by e lec t ron-donor  substituents in the pa ra  position and the 
r eve r se  effect of these same substituents in the meta position with r e spec t  to the hydrazine group were 
explained within the f ramework  of the concept of a [3.3] s igmatropic  shift with a different rate of conver-  
sion of the hydrazone form to the enehydrazine form because of nonidentical basici t ies  of the fl-nitrogen 
atoms [5]. 

There a re  a number  of other  hypotheses invoked to explain the unusual effect of e lec t ron-donor  sub- 
stituents in the pa ra  position [7, 11]. It is assumed that the ,electronic effect of a substituent in the aryl  
port ion of the hydrazone (or N,N' -d iarylhydrazine  in the case of the benzidine r ea r r angemen t  [7]) is p rop-  
ngated to the enehydrazine port ion of the molecule,  as a consequence of which the a romat ic  ring is subject 
to nucleophilic attack by the negatively charged carbon atom of the enehydrazine port ion of the sys tem.  
However, these concepts have not been acknowledged [3]. 

Diarylhydrazines I-III  were obtained by nitrosat ion of the corresponding diarylamine and reduction 
of the result ing N-ni t roso derivative.  The reaction between cyclohexanone or  te t rahydro-4Lthlopyrone 
and hydrochlor ides  I-III  was ca r r i ed  out by refluxing solutions in absolute alcohol. A 15% solution of hy- 
drogen chloride in absolute alcohol was used for  the condensation of 1-methyl -4-piper idone  with I. 

In all cases  (see Table 1), as a resul t  of the cyclization we obtained mixtures  of two possible iso-  
m e r s  WII-XVI) in high yields (70-90%). 

0 R , . c ~ - - " " ~ X  
II 

p'RC6H4 ~ ~ 
p.R, C6H4>N NH 2" HCI + 

I-III 
R' 

VII-XVI 

1 R=H, R'=CH3; II R=H, R'=OCHs; III R=CHa, R'=OCH3; VII--XII X=CH~; XIII, 
XIV X=S; XV, XVI X=NCHa; VII R=CH3, R'=H; VIII R=H, R'=CH3; IX R=OCHa, 
R'=H; X R=H, R'=OCHs; XI R=OCHa, R'=CHa; XII R=CHa, R'=OCH3; XII1 R=CHa, 

R'=H; XIV R=H, R'=CHa; XV R=CH3, R'=H, XVI R=H, R'=CHa 

Indoles VII-IX, XI-XIH, and XV, the s t ruc tures  of which were established on the basis of UV, l-R, and 
PlVIR spect roscopic  data, were  isolated in the individual states,  and VIII, IX, and XII were also obtained by 
Ullmarm aryla t ion of the corresponding t e t rahydrocarbazo les .  

In the case  of cycl izat ion of d iarylhydrazine  III with cyclohexanone it was shown that the heating time 
and a change in the acidity of the medium (at 10% solution of hydrogen chloride in alcohol) do not affect 
the ratio of i somers  formed.  

The relat ive yields of the indole compounds in the react ion mixtures  were determined by PMR spec- 
t roscopy by measurement  of the intensities of the signals of the protons of the methyl or  methoxy groups. 
The signals of the CH 3 or  CHaO protons of the a romat ic  portion of the molecule were identified in most  
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cases  by the addition of genuine s amples  of the subs tances .  The s ignals  of the N = C H  3 protons  can be iden- 
t ified by protonat ion.  In all  of the ca se s  that  we invest igated,  the s ignals  of the protons  of the CH 3 and 
CH30 groups  in the N-a ry l  por t ion of the indole molecules  was found at s t r onge r  field as compared  with 
the s ignals  of the s ame  groups in the indole r ing on pass ing  f r o m  dilute solutions in CC14 to solutions in 
benzene (see Table  1). 

F r a g m e n t a t i o n  under  the influence of e lec t ron  impact  of t e t r a h y d r o c a r b a z o l e  de r iva t ives  VII-IX is 
cha rac t e r i zed  by success ive  dehydrogenat ion of the m o l e c u l a r  ion and the resul t ing ions (M - 1H, M - 2H, 
M - 3H, M - 4H, M -- 5 H . . .  ), spli t t ing out of the subst i tuents  (as CH3" ) in the benzene r ings,  and by the 
fo rmat ion  of [M-C2H4] + ions as obse rved  fo r  some  o ther  t e t r ahyd roca rbazo l e s ,  including the N-phenyl 
der iva t ive  (without substi tuents)  [12]; the intensi ty of the ions of the indole f r agmen t s  cor responding  to 
split t ing out of an ary l  res idue  f r o m  the ni t rogen a tom of the [ M - l ]  + m o l e c u l a r  ion proved  to be  insignif i-  
cant (-< 3% of the mo lecu l a r  peak),  and this hinders  the quant i ta t ive de te rmina t ion  of the i s o m e r i c  subs tances  
in the mix tu res  by means  of m a s s  spec t roscopy  under  va r i ab le  opera t ing  conditions.  

It is seen  f r o m  Table 1 that  in the case  of p a r a  subst i tuents ,  the orient ing capaci ty  of the CH3Ogrou p 
(for the s a m e  ketone component  - cyclohexanone) exceeds  that  of the hydrogen a tom by a f ac to r  of 4.5 and 
that the orient ing capaci ty  of the CH 3 group exceeds  that of the hydrogen a tom by a f ac to r  of th ree .  In con-  
fo rmi ty  with this ,  the act ivat ing effect  of the CH 3 group is h igher  by a fac tor  of 1.5 than that  of the hydrogen 
a tom.*  We also noted the effect  of the s t r u c t u r e s  of the ketones  on the re la t ive  yields  of i somer i c  indoles.  

Thus our  proposed  method for  compet i t ive  closing of the indole r ing makes  it poss ib le  to fo rm a 
d i rec t  judgment  regarding the re la t ive  ra te  of the r e a r r angemen t ,  i ,e. ,  the second step of the F i sche r  r e -  
action, inasmuch as the f i r s t  step (which includes protonation),  i .e. ,  t au tomer iza t ion  of the hydrazone to 
an enehydrazine,  in this case  is common  to the fo rmat ion  of each of the two i s o m e r s .  In addition, this 
method can be used to sufficiently unambiguously so lve  the p r o b l e m  of whether  o r  not the r e a r r a n g e m e n t  
of the eneamines  is nucleophilic a rom a t i c  substi tution.  

The exper imenta l  resu l t s  obtained in this r e s e a r c h  cannot be  explained by the exist ing hypotheses  
regarding  the m e c h a n i s m  of the r e a r r a n g e m e n t  of eneamines  if additional assumpt ions  a r e  not invoked. 

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

The UV s p e c t r a  of alcohol solutions (c 10-4-10 -s M, d 1 cm) of the compounds were  recorded  with a 
P e r k i n - E l m e r  402 spec t ropho tomete r .  The IR spec t r a  of ch lo ro fo rm solutions (c 0.1 M, d 0.17) were  r e -  
corded with a P e r k i n - E l m e r  457 s p e c t r o m e t e r .  The m a s s  spec t r a  we re  obtained with an MKh-1303 spec -  
t r o m e t e r  with a s y s t e m  for  d i rec t  introduction into the ion sou rce  at  an ionizing voltage of 50 or  30 V (the 
ionization c h a m b e r  t e m p e r a t u r e  was 150~ The PMR spec t r a  of solutions of the compounds in benzene,  
carbon t e t r acb lo r ide ,  o r  ca rbon  t e t r a c h l o r i d e - b e n z e n e  were  recorded  with a Var ian  T-60 s p e c t r o m e t e r  
o r  with a Var ian  HA-100 s p e c t r o m e t e r  (in the case  of CC14 solutions of VII and XV). Special attention w a s  

directed to the reproducibi l i ty  of the expe r imen t s  (par t icular ly  in t he case  of reac t ions  with cyclohexanone) 
and the convergence  of the resu l t s  of PMR analys is  in all  of the pr incipal  s teps  of the workup of the r e a c -  
tion mix tu re s  (for example ,  p r i o r  to drying of the ex t r ac t s  ove r  a solid drying agent, if one was used, and 
a f t e r  drying; p r i o r  to pur i f ica t ion by means  of A1203 and a f t e r  this operat ion,  etc.); the deviations in the 
analyses  during workup of the reac t ion  mix tu res  were  found to be within the l imi t s  of the e r r o r s  in the 
m e a s u r e m e n t s  (-< 10% of the re la t ive  yields) .  A loose  l a y e r  of A1203 was used for  t h i n - l a y e r  ch romatog-  
raphy (TLC) [hep tane -benzene  (9 : 1)]. The ch romatograph ic  mobi l i t ies  of indoles VII and VIII and XIII 
and XIV proved  to be  identical,  even when the solvent  s y s t e m s  and the degree  of act ivi ty  of the AI203 were  
var ied .  The p r e s e n c e  or  absence  of the s t a r t ing  ketones,  hydrazines ,  and the cor responding  diphenylamine 
was also moni tored  by means  of PMR spec t roscopy  and TLC. Diphenylamines a r e  fo rmed,  as a rule, under  
the conditions of F i s che r  condensation of hydraz ines .  These  s a m e  methods w e r e  a lso  used to conf i rm that 
hydrazones  w e r e  absent  in the reac t ion  mix tu re s .  

N-(p-Methoxyphenyl) -p- to luidine  (IV!.. A mix tu re  of 74.5 g (0.5 mole)  of acetotoluidine,  145 g (0.75 
mole) of p -b romoan i so l e ,  69 g (0.5 mole) Of calcined po ta s s ium carbonate ,  and 2 g of copper  powder  was 
refluxed with s t i r r i ng  in 200 ml  of n i t robenzene  for  29 h. Alcohol (250 ml) and 175 ml  of concentra ted 

*While the p r e sen t  p a p e r  was in p r e s s  we became  aware  of a b r i e f  communica t ion  [13] in which Ishii  and 
c o - w o r k e r s  noted that  the cycl izat ion of N ' - (subst i tu ted  phenyl ) -N ' -phenylhydrazones  of ethyl pyruva te  
p roceeds  main ly  in the e l ec t ron -en r i ched  a roma t i c  ring (no data wha t soever  regard ing  the ra t io  of the 
react ion  products  and the c h a r a c t e r  and or ienta t ion of the subst i tuents  were  p resen ted) .  
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T A B L E  2. N,N-Diarylhydrazine Hydrochlorides (I-III) 

Corn- rap, *C Empirical [ Found, % " Calc., 7o 
pound formula  [ C H IC1 ] N C H I Cl 

I 136--138 a CI3HI4N2-ttC1 /666 ! 6,4 15,l 11,9 66,5 6,4 15,1 
(dec.) a I ' 

II i18--119 C~3H~4N~O.HCI b 62,4 6,0 14,2/11,4 62,3 6,0/14,2 
(dec.) c / I 

III 109--110 (dec.),., CI,HIsN20-HC1 [63,4 6,6 13,1[I0,7 63,4 6,6 ]13,4 

Yield, 
N ~o 

11,9 85 

11,2 85 

I0,6 85 

a 
bFrom [sopropyl alcohol. 

The base had nap 72.5-73.5 ~ (from alcohol) (rap 58-60 ~ [15]). Found: 
C 72.8; H 6.6; N 13.270. Calculated: C 72.9; H 6.6; N 13.170. 
c From ethyl acetate-  chloroform. 

h y d r o c h l o r i c  ac id  w e r e  added to the res idue ,  and the  m i x t u r e  was  ref luxed fo r  5.5 h. It was  then poured  
into a l a r g e  vo lume  of  w a t e r  and worked  up to  g ive  47 g (39.5%) of  amine  IV with mp 85-86 ~ ( success ive ly  
f r o m  a l c o h o l  and benzene) .  Found:  C 79~ H 7.1; N 6.970. C14H15NO. Calcula ted :  C 78.8; H 7.1; N 6.670. 

N - N i t r o s o - N - p h e n y l - p - t o l u i d i n e  (V). Concen t ra ted  su l fu r i c  acid (3.6 ml) was added with s t i r r i n g  to 
a su spens ion  of 6 g (32.5 mmole )  of N-pheny l -p - to lu id ine  [14] in 80 ml  of a lcohol ,  a f t e r  which the m i x t u r e  
was  cooled to - 3  ~ and a so lu t ion  of 2.8 g (40.6 mmole )  of  sod ium n i t r i t e  in 8 ml  of w a t e r  was  added.  The 
m i x t u r e  was  then s t i r r e d  at r o o m  t e m p e r a t u r e  for  30 rain and pou red  into wa te r .  Workup gave  6.5 g (93.570) 
of  a p roduc t  with nap 55-56 ~ (f rom a lcohol ) .  Found: C 73.7; H 5.6; N 12.970. C13H13N20. Calcula ted:  C 
73.6; H 5.7; N 13.270. 

N-Nitroso-N-(p-methoxyphenyl)-p-toluidine (VI!. This compound, with nap 68-69 ~ (from hexane), was 
simila}ly obtained in 9S~0 yield from amine IV. Found: C 69.7; H 5.9; N 11.770. CI4HI4N202. Calculated: 
C 69.4; H 5.8; N 11.670. 

N,N-Diarylhydrazine Hydrochlorides (I-Ill, Table 2). A cooled (with ice water) solution of 57 mmole 
of lithium aluminum hydride in 70 rrfl of absolute ether was added dropwise to 47 mmole of nitrosamines V, 
N-nitroso-N'-(p-methoxyphenyl)-N-phenylamine [15], or VI in 80 m_l of absolute ether, after which the mix- 
ture was cooled and stirred for 2 h. It was then decomposed with moist ether and water, after which the 
ether solution was separated, and the aqueous solution was extracted with ether. The combined ether s01u- 
tions were dried with calcined magnesium sulfate, and hydrochlorides I-III were isolated by the addition of 
a solution of hydrogen chloride in alcohol. 

Fischer Condensation of N-Phenyl-N-(p-tolyl)hydrazine Hydrochloride (D. A) With cyclohexanone. 
A mixture of 2 g (8.5 mmole) of hydrochloride I and 0.92 g (9.4 mmole) of cycJ[ohexanone in 30 ml of ab- 
solute alcohol was refluxed for 20 rain, after which it was poured into water. The aqueous mixture was 
extracted with benzene, and the benzene solution was washed successively with 10~ hydrochloric acid solu- 
tion, five to six times with concentrated hydrochloric acid, and water until it was neutral. The benzene 
solution was then dried with calcined magnesium sulfate and evaporated. The residue was chromatographed 
on activity IV aluminum oxide with heptane-benzene (9 : 1); 2 g (8870) of a mixture of indoles VII and VIII 
with Rf 0.59 (activity IV A1203) was eluted. U-v- spectrum: },max 226, 257, and 290 nm (log ~ 4.57, 4.16, and 
4~ IR spectrum:* 1600 (s), 1507 (vs), and 1465 cm -i (s). Found: C 87.2; H 7.5; N 5.770. CIgHIsN. Cal- 
culated: C 87.3; H 7.3; N 5.470. 

The mixture of indoles VII and VIII was crystallized from methanol to give indole VII with nap 79.5- 
80.5 ~ (from alcohol). UV spectrum: ~tma x 226, 270, and 295 nm (log ~ 4.48, 4.12, and 3.9). IR spectrum: 
1590 (s), 1498 (vs), and 1465 cm -i (s)~ IR spectrum (KBr): 699 and 763 (vs, monosubstituted benzene), 
and 792 and 872 cm -I (vs and m, 1,2,4-trisubstituted benzene). PiVIR spectrum (in CCI4): 6 1.5-2.1 (2-CH 2 
and 3-CH2) , 2.35 (6-CH3, s), 2.3-2.9 (1-CH 2 and 4-CH2), 6.75 (7-H, Jortho = 8.5 Hz, Jmeta = 1.2 Hz), 7.0 (5-H, 
J=8.5 Hz), 7.12 (8-H), and 7.2-7.6 ppm (5-H, C6H5). Found: C 87.3; H 7.5; N 5.5~. CIgHIgN. Calculated: 
C 87.3; H 7.3; N 5.4%. 

The mother liquors from the crystallization of indole VII were evaporated, and the residue was dis- 
solved in isopropyl alcohol. The alcohol solution was cooled to 0 ~ and three portions of precipitates with 

*The  a r b i t r a r y  sym bo l s  f o r  the in tens i t i es  of the bands  in the IR s p e c t r a  a r e  as  fo l lows:  w is weak, m is 
med ium,  s is s t rong ,  and vs is v e r y  s t rong .  
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mp 68-71, 47-49, and 44-46 ~ were  sepa ra t ed  f rac t ional ly .  The las t  two por t ions  were  combined and r e -  
c rys ta l l i zed  in the s ame  way, and the p rec ip i t a t e  (rap 49-51 ~ was dissolved in hexane. The hexane solu-  
tion was cooled to 0 ~ to i so la te  indole VIII with mp 58-59 ~ This s a m e  subs tance  was obtained by ary la t ion  
of 58.5 m m o l e  of 1 ,2 ,3 ,4 - te t rahydrocarbazo le  with 8.8 m m o l e  of p- iodotoluene in the p r e s e n c e  of 8.7 mmole  
of calcined p o t a s s i u m  carbonate  and 0.2 g copper  b ronze  (the product  in this case  had 59.5-60.5~ IR spec -  
t r u m  (KBr): 745 (vs, 1 ,2-disubst i tuted benzene) and 820 cm -1 is, 1 ,4-disubst i tuted benzene).  PMR spec-  
t r u m  (in CC14): 6 1.5-1.9 (2-CH 2 and 3-CH2), 2.35 (4'-CH3), 2.3-2.8 (1-CH 2 and 4-CH2), and 6.8-7.4 ppm 
(8-H, a roma t i c  protons) .  Found: C 87.4; H 7.5; N 5.5%. C19H19N. Calculated: C 87.3; H 7.3; N 5.4:~. 

B) With t e t r ahydro -4 - th iopyrone .  A 0.82-g (0.7 mmole)  s amp le  of t e t r ahyd ro -4 - tMopyrone  was r e -  
fluxed for  15 rain with 1.5 g (0.64 mmole)  of hydrochlor ide  I in 12 rnl of absolute  alcohol, a f t e r  which the 
mix tu re  was poured  into water ,  and the aqueous mix tu re  was ex t rac ted  with e ther .  The ex t rac t  was washed 
with 15% hydrochlor ic  acid and water ,  Uried with magnes ium sulfate,  and evapora ted  to give 1.5 g (84%) of 
a mix tu re  of indoles XIII aud XIV with Rf 0.3 (anhydrous A1203). PM_R s p e c t r u m  (in CC14): 5 2.34 (8-CH3, 
4'-CH3) , 2.74 (3-CH2, 4-CH2), 3.72 (1-CH2), and 6.6-7.48 ppm (aromat ic  protons) .  PMR spec t rum (in CC14- 
benzene):  6 2.38 (4-CH 3, s) 2.48 (8-CH3, s), 2.78 (CH2-CH2) , and 3.95 ppm (1-CH2). Cold e ther  was added 
to a mix tu re  of XI I I  and XIV, and the mix tu re  was f i l tered to give 0.7 g of indole XIII with mp 93.5 '94.5  ~ (from 
alcohol).  PMR spec t rum (in CC14): 5 2.38 (8-CH 3, s), 2.74 (CH2--CH2), 3.74 (1-CH 2, s), 6.65 (7-H, Jor tho = 
8.8 Hz, J m e t a = l . 6  Hz), 6.85 (6-H, J o r t h o = 8 , 8  Hz), 7.1 (8-H), and 7.2-7.5 ppm (5H, C6H~). Found: C 77.3; 
H 5.9; N 5.1; S 11.3~0. C18H17NS. Calculated: C 77.4; H 6.1; N 5.0; S ll.5Y0. 

C) With 1 -me thy l -4 -p ipe r idone .  A 0.8-g (0.34 mmole)  sample  of hydrochlor ide  I was refluxed for  
30 min~with 0.5 g (0.39 mmole)  of 1 - ~ e t h y I - 4 - p i p e r i d o n e  in 10 ml of a 15~0 solution of hydrogen chloride 
in absolute  alcohol,  a f t e r  which the mix tu re  was poured into wate r .  The aqueous mix tu re  was then made 
alkaline with 40~ po tass ium hydroxide solution and ex t rac ted  with e ther .  The e the r  solution was washed 
with water ,  dr ied with magnes ium sulfate,  and evapora ted  to give 0,8 g (95~) of a mix tu re  of XV and XVI 
with Rf 0.44 and 0.31, r espec t ive ly  (anhydrous A1203), PMR spec t rum (in CC14--benzene): 6 2.1 (4'-:CH 3, s), 
2.3 (all of the remaining  CH 3 groups),  2.5 (CH2-CH2L and 3.5 ppm (4-CH 2, s).  PMR spec t rum (in b e n z e n e -  
CF~COOH-CD3OD): 6 2.43 (4'-CH3), 2.6 (6-CH 3, s), and 3.0 ppm (CH3-1~). The mix tu re  of XV and XVI was 
c rys ta l l i zed  f r o m  70~ alcohol to i so la te  indole XV with mp 126-127 ~ PMR s p e c t r u m  (in CC14): 6 2.42 
CH3, s), 2.5 (N--CH3, s), 2.75 (1-CH 2, 2-CH2), 3.7 (4-CH 2, s), 7.0 (1H, 7-H, Jo r tho=8 .5  Hz, J m e t a = l . 6  Hz), 
7.3 (8-H, Jor tho = 8.5 Hz), 7.4 (5-H, par t i a l ly  over lapped with the low-field component  of the 8-H doublet), 
and 7.5-7.8 ppm (5H, C6H5). Found: C 82.8; H 7,5; N 10.4%. C19H20N 2. Calculated: C 82.6; H 7.3; N 10.2~c. 

Condensation of N - P h e n y l - N -  (p-methoxyphenyl)hydrazine Hydrochlor ide  II with Cyclohexanone.  S im-  
i la r ly :  4 m m o l e  of hydrochlor ide  II and 4,5 m m o l e  of cyclohexanone gave 0.84 g (72~) of a mix tu re  of IX 
and X with Rf 0.27 and 0.43, r e spec t ive ly  (activity II A1203). Found: C 82.5; H 7.0; N 5,2~ C1sH19NO. 
Calculated: C 82.3; H 6.9; N 5.0%. 

Crys ta l l iza t ion  of the mix tu re  of IX and X f rom alcohol gave indole IX with mp 81-82 ~ UV spec t rum:  
Xma x 223, 277, and 302 nm (log e 4.45, 4.19, and 3.96). IR spec t rum:  1615 (m), 1590 (m), 1498 (s), and 
1475 cm -1 (s). PMR spec t rum (in CC14): ~ 1.6-2.0 (2-CH 2 and 3-CH2), 2.3-2.9 (1-CH 2 and 4-CH2), 3.7 (6- 
CH30, s), 6.5 (7-H, J o r t h o = 9 . 0  Hz, J m e t a = 2 . 5  Hz), 6.75 (5-H, J = 2 . 5  Hz), 6.9 (8-H, J = 9 . 0  Hz), and 7.1-7.5 
ppm (5H, C6H5). Found: C 82.8; H 7.0; N 5,2%. C19H19NO. Calculated: C 82.3; H 6.9; N 5.0~c. 

Te t r ahyd roca rbazo l e  IX was a lso  obtained by ary la t ion  of 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o c a r b a z o l e  
with iodobenzene; the product  had mp 80-81 ~ and no mel t ing-point  depress ion  was observed  for  a mix tu re  
of it with the sample  obtained by the F i s che r  react ion.  

Condensation of N--~p-Tolyl)- N- (p-methoxyphenyl)hydrazine Hydrochlor ide  {III) with Cyclohexanon e. 
The reac t ion  was ca r r i ed  out as above to give a mix tu re  of XI and XII in 88~ yield.  UV spec t rum:  Xma x 
223, 276, and 300 um (log e 4.73, 4.43, and 4.20). I R  spec t rum:  1623 (w), 1600 (m), 1520 fin), 1508 (vs), 
and 1480 cm - I  ( s ) .  

Heptane was added to the mix tu re  of XI and XII, and the indole (XI) that c rys ta l l i zed  out was removed  
by f i l t ra t ion to give a product  with mp 79-80 ~ (from heptane) and Rf 0.21 (activity II A1203). UV spec t rum:  
~'max 223, 275, and 300 um (log e 4.46, 4.19, and 3.95). IR spec t rum:  1620 (In), 1590 (m), 1520 (s), and 
1480 cm -~ (s). IR spec t rum (KBr): 795 and 875 (vs and m, 1 ,2 ,4- t r isubst i tu ted benzene) and 823 cm -1 (s, 
1,4-disubst i tuted benzene).  PM_R s pec t rum  (in CC14): 6 1.65-2.05 (2-CH 2 and 3-CH2), 2.35 (4 ' -CH 3, s), 
2.35-2.85 (1-CH 2 and 4-CH2), 3.75 (6-CH30, s), 6.55 (7-H, J o r t h o = 9 . 0  Hz, J m e t a = 2 . 5  Hz), 6.75 (5-H, J m e t a  = 
2.5 Hz), 6.95 (8-H, J =  9.0 Hz), and 7.15 ppm (4H, C6H5). Found: C 82.2; H 7.3; N 5.0%. C20H21NO. Cal-  
culated: C 82.5; H 7.3; N 4.8%. 
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The combined mothe r  l iquors  were  evaporated,  and indole XII with mp 110-111 ~ (from alcohol) and 
Rf 0.36 (activity II A1203), was isolated f rom the res idue  by p repara t ive  chromatography on a loose l aye r  
of aluminum oxide. PMR spec t rum (in CCI~): 51 .7-2 .2  (2-CH 2 and 3-CH2), 2.4 (6-CH 3, s), and 3.8 ppm 
(4'-CH30 , s). Found: C 82.2; H 7.4; N 5.2%. C20H21NO. Calculated: C 82.5; H 7.3; N 4.8%. 

Indole XII was also synthesized by reac t ion  of 6 -me thy l - l , 2 ,3 ,4 - t e t r ahydroca rbazo le  with p -b romo-  
anisole; the product had nap 110-111 ~ No melt ing-point  depress ion  was observed for  a mixture  of a sam-  
ple of this product  with a sample of indole XII obtained as indicated above, and the i r  PMR spec t ra  were 
identical.  
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T H E R M O L Y S I S  O F  1 - D I A L K Y L A M I N O A N T H R A Q U I N O N E S -  N EW  

M E T H O D  F O R  T H E  S Y N T H E S I S  O F  A N T H R A [ 1 , 9 - b c ] P Y R R O L E  

D E R I V A T I V E S  

V.  Y a .  D e n i s o v ,  L .  N. A n i s h i n a ,  
a n d  E .  P .  F o k i n  

UDC 547.75'867.2 

1-Dialkylaminoanthraquinones undergo cycl izat ion to give an thra[1 ,9-bc]pyr ro le  der ivat ives  
on the rmolys i s  in pyridine and other  polar  solvents.  The cycl izat ion proceeds  through in t ra-  
molecu la r  r e a r r angemen t  of 1-dialkylaminoanthraquinones to anthra[ 1,9-de]-  1, 3-oxaz ine de- 
r ivat ives  and through subsequent contract ion of the 1,3-oxazine ring to a p y r ro l e  ring. 

Heterocycl ic  sys tems  containing an anthracene ring condensed in the 1,9 posit ion with a heterocycl ic  
ring a re  the basis  of many vat and acid dyes and dyes for  synthetic mate r ia l s  [1]. One such sys tem is 
anthra[ 1,9]bc]pyrrole.  * 

�9 This sys tem can also considered to be naphth[1,2,3-cd]indole (see [2]). We have adopted the anthra[1,9- 
bc ]pyr ro le  designation in o rde r  to emphas ize  the relat ionship to anthracene der ivat ives ,  on the basis of 
which the synthesis  of the sys tem under  considerat ion is usually real ized.  
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