
The remaining merocyanines were similarly obtained (Table 3). 

The samples for  the investigation of the photoconductivity were prepared by the following method. A 0.1- 
g sample of poly(butyl methacrylate) or polyorganosiloxane was dissolved in 1 mt of the solvent (toluene, ben- 
zene, or  tetrahydrofuran),  and the dye (1-5 wt.%) was added. The solution was fil tered, the fi l trate was poured 
over an aluminum support, and the support was dried in air  and in a vacuum desiccator.  Samples with a layer 
thickness of 3 + 0.5 ~ were selected. For  the determination of the photoinduced decrease  in the potential in 
the near-UV region, the samples were irradiated with a DRSh-2501ampthrough aUFS-1 l ightfi l terwithW= 10 -5 
Wt/cm 2. A 400-Wt incandescent lamp with a water f i l ter  with a thickness of 10 cm and W = 10 -4 Wt/cm 2 was 
used in the visible region as the source of photoexcitation. 
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A C E T A L S  OF L A C T A M S  AND ACID A M I D E S  

XX.* SYNTHESIS OF HYDROGENATED DERIVATIVES OF 

INDOLE, QUINOLINE, AND 1H,1-BENZAZEPINE 

V.  G. G r a n i k ,  A. M. Z h i d k o v a ,  
R.  G. G l u s h k o v ,  A. B .  G r i g o r ' e v ,  
M. K. P o l i e v k t o v ,  T .  F .  V l a s o v a ,  
a nd  O. S. A n i s i m o v a  

UDC 547.754'831.3'892.07 

Hydrogenated derivatives of indole, quinoline, and 1H,l-benzazepine were synthesized by reac-  
tion of 1-methyl-2-benzoylmethylenepyrrolidine,  -piperidine, and -hexahydroazepine with acryl-  
oyl chloride. Alkylation of 1-methyl-5-oxo-8-benzoyl-1,2,3,4,5,6,7,8-octahydroquinoline with 
triethyloxonium tetraftuoroborate and subsequent t reatment with sodium ethoxide gave the cor -  
responding acetal, the reaction of which with substituted anilines gave 1-methyl-5-aryl imino- 
8-benzoyl- 1,2,3,4,5,6,7,8-octahydroquinolines. The IR and PMR spectra of the compounds are 
presented. 

Enamino ketones I-III, which were obtained by condensation of lactam acetals with acetophenone [2], are 
promising substrates for  the synthesis of condensed heterocyclic compounds that are of interest  in the search 
for  biologically active substances. The present  paper is devoted to a study of the reaction of enamino ketones 
I-1II with acryloyl chloride (IV). The synthesis of cyclohexene derivatives [3, 4] f rom noncyclie enamino car-  
bonyl compounds and chloride IV and the reaction of 1-methyl-2-ethylidenepyrrolidine with acrolein, which 

*See [1] for  communication XIX. 
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gives  a te t rahydro indole  de r iva t ive  [5], s e rved  as  p r e r e q u i s i t e s  fo r  the p repa ra t ion  of the two- r ing  compounds 
by this  method.  

l, CH2=CHCOCI 0 

I,,,;~J'~c. coco.~ 
1 " OC~Hs 
CH s a 

l - i l l  
y 3 - C  

V a n = l ;  b n = 2 ;  C n = 3  

The reac t ion  of 1 -me thy l -2 -benzoy lme thy lenepyr ro l id ine  (I), -p iper id ine  (H), and -hexahydroazep ine  (IH) 
with ac ry loy l  chlor ide  and subsequent  t r e a t m e n t  of the reac t ion  mix tu re  with t r i e thy lamine  led to V, the IR 
spec t r a  of which do not contain the absorp t ion  bands of OH groups  nor  bands c h a r a c t e r i s t i c  fo r  an unconjugated 
carbonyl  group but do contain absorp t ion  bands at 1675 cm -1 re la ted  to the PhCO group and at  1600 and 1545 
cm -1 (enamino ketone f ragment ) .  The PMR s p ec t r a  of these  subs tances  (see the exper imen ta l  section) contain 
a s ignal  at  4.5-4.8 ppm re l a t ed  to the p ro ton  in the 7, 8, o r  9 posi t ion (for Va-c)  of the two- r ing  sys t ems .  The 
weak- f ie ld  posi t ion of the obse rved  signal  is  apparen t ly  due to the deshielding effect  of the benzoyl  group. Thus 
the se t  of spec t r a l  data  ind ica tes  that  compounds with s t ruc tu re  V were  synthesized in the reac t ion  of acid 
chlor ide  IV and enamino ketones  1-Ill.  

P roceed ing  f r o m  genera l  cons idera t ions  (see [3]) one can conclude that  two- r ing  s y s t e m s  V a - c  a r e  
fo rmed  e i ther  by O-  or  N-acy la t ion  of the s ta r t ing  enamino ketones  and subsequent s igmat rop ic  r e a r r a n g e m e n t  
(A) or  by acylat ion at the C 3 a tom and addition to the fl posi t ion of the enamino ketone (B). However ,  we were  
unabte to r e c o r d  the p r e s e n c e  of i n t e rmed ia t e s  by invest igat ion of the reac t ion  by po la rography .  Reduction 
waves  of only the s ta r t ing  compounds and the final products  were  obse rved  on the p o l a r o g r a m s  (see Table  1). 

In this  connection we c a r r i e d  out the benzoylat ion of enamino ketone II .  The cor responding  3-benzoyl  
de r iva t ive  {VI) was obtained in high yield; absorpt ion bands of an OH group at 3340 c m  -1 a r e  obse rved  in the 
IR spec t rum of VI, but the band at 1730 cm -1 cha rac t e r i s t i c  fo r  an e s t e r  group is  absent .  

The PMR spe c t rum  of th is  compound contains mul t ip le t s  of s ignals  of pro tons  in the 4, 5, and 6 posi t ions  
of the he t e ro r ing  at 3.48, 1.84, and 3.79 ppm,  r e spec t ive ly ,  and singlets  of an N - C H  3 group at 3.55 ppm and of 
an cx proton at 6.91 ppm,  

OH 
I 

t C"COC~"s -r~ ~ - c . = ~ - c o n s  

CH3 CH a OH CI 

II VI 

In addit ionto an intense m o l e c u l a r  ion peak (319), the m a s s  spec t r t tm of VI contains peaks  that  a t tes t  to 
the p r e s e n c e  of a benzoyl  group (214) in the VI  molecu le  and co r re spond  to e l iminat ion of the hydroxyl  group 
of the m o l e c u l a r  ion. Th i s  conf i rms  the assumpt ion  that  the second benzoyl  group ex i s t s  in the enol fo rm.  

However ,  i t  should be  noted that  in th is  case  a lso  one cannot exclude the poss ib i l i ty  of initial  r e v e r s i b l e  
O-  or  N-acy la t ion  with a r e l a t ive ly  slow shift of the equi l ibr ium to favor  the the rmodynamica l ly  m o r e  f a v o r -  
able product  VI due to i r r e v e r s i b l e  benzoylat ion at C(3 ). Thus both pathway A and pathway B for  the fo rmat ion  
of two- r ing  s y s t e m s  V a r e  e x t r e m e l y  l ikely,  and the rea l iza t ion  of one or  the o ther  p r o c e s s  (and, poss ib ly ,  the i r  
s imul taneous  occur rence)  is  de te rmined  by the equi l ibr ium constant  of pathway A and the ra t io  of the r a t e  con- 
s tants  of the r eac t ions  that  occur .  

v b  
(C~Hs)aOBF.~ C2HsON a 

GH 3 COC~H~ L a 
BF~- 

VII VIII 

CH 3 COCelt5 

I x a - c  

IX a ~ = c n s ;  b R=CI; c R=OCH3 
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TABLE 1. Data  f r o m  the P o l a r o -  
g r a m s  

Compound 

Vb 

Vb 
Hydro- 

chloride 

E~s_- (Ag} 

- 1 , 5 6  
- 2 , 0 5  

- 1 , 4 6  
- 2 , 2 6  

- 0 , 7 5  

- 1 , 2 5  
- 1 , 4 8  
--2,27 

t lirn 
c 

2 
2.43 

(sum of two waves) 
1,15 
2,4 
0.54 
0.33 
0.39 
1.2 

In the ca se  of Vb we a t t empted  to ac t iva te  i ts  ca rbonyl  group in the 5 posi t ion.  The reac t ion  of two- r ing  
s y s t e m  Vb with t r ie thyloxonium t e t r a f l uo ro bo ra t e  p r o c e e d s  smoothly  (this i s  genera l ly  a c h a r a c t e r i s t i c  of 
vinylogs of amides  [6]), and t e t r a f l uo robo ra t e  VII was obtained in high yield.  The IR s p e c t r u m  of VII contains 
absorp t ion  bands  at  1680 (CO), 1610 (C ~ I~), and 1580 (C---- C) cm -1, and the PMR s p e c t r u m  is  in comple te  
a g r e e m e n t  wi th  s t ruc tu re  VII ( see  the expe r imen ta l  section).  However ,  t e t r a f tuo robora t e  Vr[ was  found to be 
e x t r e m e l y  ine r t  with r e s p e c t  to nucleophil ic  r eagen t s  and could not be  subjected to r eac t ion  with a r o m a t i c  
amines  - in all  c a s e s  s ta r t ing  VII was  isolated.  In th is  connection we synthes ized the cor responding  aceta l  
(VIII}, which was  subjected,  without isolat ion,  to  reac t ion  with a r o m a t i c  amines .  1 - M e t h y l - 5 - a r y l a m i n o - 8 -  
b enzoyl-  1 ,2 ,3 ,4 ,5 ,6 ,7 ,8-octahydroquinol ine s IXa-  c we re  obtained by this  method.  

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

The PMR s pec t r a  w e r e  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r  with t e t r ame thy l s i l ane  as  the in terna l  
s tandard .  The IR s p e c t r a  of m i n e r a l  oil suspens ionsof  the compounds were  r eco rded  with a P e r M n - E l m e r  
457 record ing  s p e c t r o m e t e r .  The  m a s s  s p ec t r a  w e r e  obtained with an MKh-1303 s p e c t r o m e t e r  with d i rec t  in-  
t roduct ion  of the s am p l e s  into the source .  The  ionizing-electron energy  was  30 eV, and the t e m p e r a t u r e  of the 
ionizat ion c h a m b e r  was  125~ The  p o l a r o g r a m s  were  r eco rded  in a po la rographic  celt  t he rmos t a t t ed  at 25 • 
0.1~ in a PO-4  po l a rog raph  (Radiometer ,  Denmark)~ The c h a r a c t e r i s t i c s  of the dropping m e r c u r y  e l ec t rodes  
were  as follows: 0.3 sec ,  m 0.73 m g / s e c .  The anode was a s i l ve r  wi re  submerged  in the solution to b e  
po la rographed .  Samples  of the reac t ion  mix tu re  (0.2 ml) we re  diluted to 5 ml  with DMF; 0.5 ml  of this  solu-  
t ion was p laced  in the cell  containing 2 ml  of 0.1 M (C4Hg)4NC104 solution in DMF, and the p o l a r o g r a m  was  
r eco rded  a f t e r  r e m o v a l  of the oxygen with a s t r e a m  of ni t rogen.  

1 -Methy l -5 -oxo-8-benzoy l - l ,2 ,3 ,4 ,5 ,6 ,7 ,8 -oc tahydroqu ino l ine  (Vb). A solution of 1.95 ml  (0.02 mole) of 
acry loyl  chlor ide  in 60 ml  of d ry  benzene was  added dropwise  with ref luxing in the cou r se  of 5.5 h to a solution 
of 4.3 g (0.02 mole) of II in 200 m l  of d r y  benzene ,  a f t e r  which 8 ml  of t r i e thy lamine  was added, and the mix tu re  
was  ref luxed fo r  another  30 min.  The  cooled solution was decanted,  the f i l t r a te  was evapora ted ,  and the r e s i -  
due was t r i t u r a t ed  with ethyl ace ta te  to give 2 g of Vb with mp 220-221~ 

The  res idue  a f t e r  decantat ion of the benzene solution was d isso lved  in ch lo ro fo rm,  w a t e r  and 5 ml  of 
t r i e thy l  amine  w e r e  added (to pH 9), and the aqueous l a y e r w a s  sepa ra ted  and ex t rac ted  with ch lo ro fo rm.  The 
combined e x t r a c t s  we re  dr ied with Na2SO 4 and f i l t e red ,  and the f i l t r a t e  was evapora ted .  The  res idue  was t r i -  
t u ra t ed  with ethyl ace ta te  to give another  2.3 g of Vb with mp 220-221~ The overai1 yield of Vb, with mp 
223-224~ ( f rom i sopropyl  alcohol),  was  4.3 g (80%)~ Mass  spec t rum:  M + 269. IR spec t rum:  1675 (COC6H~) , 
1600, 1580 c m  -1 (enamino ketone).  UV spec t rum:  Xmax 316 nm Clog e 4.45). PMR spec t rum (in CHC13): 1.85 
(3-CH2) , 2.26-2.45 (4,6,7-CH2) , 2.80 (N-CH3) , 3.20 (2-CH2) , 4.64 (8-CH), 7.47-8.05 (C6H 5) ppm.  Found: C 76.0; 
H 7.0%~ C17H19NO 2. Calculated:  C 75.8; H 7.1%o The hydrochlor ide  of Vb had mp 196-197~ [ f rom a c e t o n e -  
alcohol (2: 1)]. PMR s pec t rum  (in DMSO). 1.85 (3-CH2) , 2.30 (4,6,7-CH2) , 3.24 (N-CH3) , 3.64 (2-CH2), 5.63 
( C - H ) ,  7.50-8.21 (C~H 5) ppm.  Found:C1 11.5%. CtTH19NO2~ Calculated: C1 11.9%. 

1 - M e t h y l - 6 - o x o - 9 - b e n z o y l - l H , 2 , 3 , 4  ~5,6,7 ~8 t 9 -oc tahydrobenz  [ 2,3-b] az epine (Vc). A solution of 1.5 ml  
(0.015 mole) of ac ry loy l  chlor ide in 45 ml  of d ry  benzene was  added with ref luxing in the cour se  of 4.5 h to a 
solution of 3.5 g (0.015 mole) of 1 -me thy l -2 -benzoy lme thy tene - lH ,2 ,3 ,4 ,5 ,6 ,7 -hexahydroazep ine  (III) in 150 ml  
of d ry  benzene,  a f t e r  which 12 ml  of t r i e thy lamine  was added, and the mix tu re  was  ref luxed fo r  another  30 rain. 
The cooled solution was f i l t e red ,  and the f i l t r a t e  was  evapora ted .  The res idua l  oil was  t r i t u ra t ed  in acetone,  
and the mix tu r e  was  f i l t e red  through a l aye r  of s i l ica  g e l  The adsorbent  was washed with 300 ml  of acetone,  
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the acetone solution was  evapora ted ,  and the res idue  was t r i t u ra t ed  with e ther  to give 1.6 g (38%) of Vc with 
mp 156-157~ (f rom i sopropyl  alcohol).  Mass  spect rum:  M + 283, IR spec t rum:  1675 (COCGHs) , 1605, 1545 
cm -~ (enamino ketone).  UV spec t rum:  Xmax 323 nm (log e4.40) .  PMR spec t rum (in CHC13): 1.79 (3,4-CH2) , 
2.16 (5,7-CH2) , 2.58 (8-CH2) , 2.77 (N-CH3) , 3.15-3.65 (2-CH2) , 4.77 (9-CH), 7.40-8.05 (C6H5) ppm. Found: 
C 76.0; H 7.5%. C18tt21NO 2. Calculated: C 76.3; H 7.4%. 

1 -Methy l -4 -oxo-7-benzoy l -2 ,3 ,4 ,5 ,6 ,7 -hexahydro indo le  (Va). A solution of 2.0 mt  (0.02 mole) of acry loyl  
chlor ide in 60 ml  of d ry  benzene was added with ref luxing to a solution of 4.0 g (0.02 mole) of enamine I in 200 
ml  of d r y  benzene in the cou r s e  of 4.5 h, a f t e r  which 8 ml  of t r i e thy lamine  was added, and the mix tu re  was r e -  
f luxedfor  another  30 min .  Workup as  in the case  of Vc gave 1.1 g (20%) of Va with rap 208-209~ (f rom ethyl 
acetate) .  Mass  spec t rum:  M + 255. I1R spec t rum:  1676 (COC~Hs) , 1605, 1565 c m  -1 (enamino ketone).  UV spec -  
t rum:  Xma x 324 nm (log e 4.39). PMR spec t rum (in CHC13): 2.33 (3,5-CH2) , 2.76 (N-CH3) , 2.90 (6-CH2) , 3.63 
(2-CH2) , 4.52 (7-CH), 7.60-8.10 (C6Hs)ppm. Found: C 75.0; H 6.8; N 5.3%. C16H17NO 2. Calculated: C 75.3; 
H 6.7; N 5.5%. 

1 -Methy l -2 -benzoy lme thy lene -3 -benzoy lp ipe r id ine  Hydrochlor ide  (VI). A solution of 1.25 ml  (0.01 mole) 
of benzoyl  chlor ide in 15 m l  of d ry  benzene was added at 20~ in the cou r se  of 4 h t o a  solution of 2.1 g (0.01 
mole) of enamine II in 50 ml  of d ry  benzene,  and the resul t ing p rec ip i t a te  was r emoved  by f i l t ra t ion  to give 2.7 
g (30%) of VI with mP 275-276~ ( f rom isopropyl  alcohol). Mass  spec t rum:  M + 319. IR spec t rum:  1575, 1595 
(C = C), 1630 (C---~ ~) ,  3340 (OH) cm-1. PMR spec t rum (in DMSO): 1.84 (5-CH2) , 3~ (6-CH2) , 3.55 (N-CH3) , 
3.79 (4-CH2) , 6.91 (~ -CH) /7 .40- -8 .14  (C6H 5) ppm.  Found: C 69.2; H 7.2; C1 8.5%. C21H21NO 2. HC1. i-C3H7OH. 
Calculated: C 69.3; H 7.2; C1 8.5%. 

1 -Methy l -5 -  e thoxy-8-benzoy l -  1H,2,3,4,6,7,8-hexahydroquinoline Te t r a f l uo robo ra t e  (VII). A solution of 7.7 
g (0.04 mole) of t r ie thyloxonium te t r a f luo robora t e  in 50 ml  of dry  methylene  chloride was added in the course  
of 1 h to a suspens ion of 10.9 g (0.04 mole) of Vb in 100 ml  of d ry  methylene chlor ide ,  a f t e r  which the solvent 
was evapora ted ,  and the res idue  was t r i t u ra t ed  in d ry  e ther  to give 15.1 g (97.5%) of VII with mp 140-141~ 
(f rom isopropyl  alcohol).  II~ spec t rum:  1580, 1610 (C----- C, C----- 1~), 1680 cm -1 (COC~Hs). PMI~ spec t rum (in 
DMSO): 1.34 (5-CH3) , 1.89 (3-CH2) , 2.33 (4,6,7-CH2) , 3.26 (N-CH3) , 3.71 (2-CH2) , 4.29 (O-CH2) , 5o41 ( C - H ) ,  
7.50-8.14 ppm (C6H5). Found: C 59.4; H 6.4; N 3.5%. C19H24BF4NO2 . Calculated: C 59.2; H 6.2; N 3.6%. 

1 -Me thy l -5 -  (p- to ly l imino)-  8-benzoyl-1 ,2  ,3 ,4 ~5,6,7,8-octahydroquinoline (IXa). A 10.6-g sample  of 
f luorobora te  complex  VII was added at 2~ to solution of 0.69 g (0.03 g-atom) of sodium in 1 0 0 m l o f  absolute 
alcohol,  and the mix tu re  was allowed to stand at 2 h. The prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with 
wa te r ,  and conver ted  to 1.3 g of s ta r t ing  Vb. The f i l t r a te  was evapora ted ,  and the res idue  was t r i t u ra t ed  with 
absolute e ther .  The  mix tu re  was f i l t e red ,  and the e the r  solution was evapora ted  to give 4.6 g of aceta t  VIII. 
A solution of 4.6 g (0.014 mole) of aceta l  VIII and 1.47 g (0o014 mole) of p- toluidine in 80 ml  of dry  toluene was  
ref luxed fo r  4 h, a f t e r  which it  was  evapora ted ,  and the res idue  was t r i t u ra t ed  with hexaneo The mix tu re  was 
f i l t e red  to give 2.6 g (30%) of amine IXa with mp 163-164~ (f rom isopropyl  alcohol). IR spec t rum:  1685 (CO), 
1550, 1590 cm -1 (C----- C, C : N ) .  Found: C 80.5; H 7.2; N 7.7%. C24H26N20. Calculated: C 80.5; H 7.3; N 7.8%; 
A s i m i l a r  p rocedu re  was used  to obtain IXb, with mp 171-172~ (f rom isopropyl  alcohol),  in 35% yield.  IR 
spect rum:  1685 (CO), 1545, 1595 cm -1 (C-~ C, C---- N). Found: C 72~ H 6.3; C1 9.2; N 7.7%. C23H23CIN20. 
Calculated: C 72.9; H 6.1; C1 9.4; N 7.4%; This  p rocedure  was also used to obtain IXc, with mp 213-214~ 
( f rom isopropyl  alcohol),  in 36% yield.  IR spec t rum:  1685 (CO) 1550, 1590, 1600 cm -1 (C----- C, C ~ N). Found: 
C 76.9; H 6.5; N 7.3%. C24H26N20 2. Calculated: C 77.0; H 7.0; N 7.5%. 
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