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IV*. SYNTHESIS OF 5,6,7 ,8-TETRAHYDROBENZO[f]INDOLE 
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By the Nenitzescu reduct ive  cycl izat ion of o ,w-d in i t ros ty renes ,  5 ,6 ,7 ,8 - t e t r ahydrobenzo-  
if] indole has been obtained f r o m  3 -n i t ro -  2-(f l -ni t rovinyl)-  5, 6 ,7 ,8- te t rahydronaphthalene .  

Of the benzindoles ,  the angular  i s o m e r s  have been the bes t  studied, s ince the u se  of genera l  methods 
for  the synthes is  of indole compounds leads ,  as a rule ,  to benzindoles with the benzene r ings  coupled in the 
4,5- or  the 6 ,7-posi t ions  [1,2]. Substituted l inear  benzindoles  can be obtained by the s ame  methods if the 
ac t ive  a posit ion in the naphthyl rad ica l  of the fl-naphthyl hydrazone  of the appropr i a t e  carbonyl  compounds 
is blocked or  if the difficultly acce s s ib l e  fl, f i t -subst i tuted naphthalenes a r e  used as the s ta r t ing  m a t e r i a l s  
[4,5]. Unsubsti tuted 5,6-benzindole i t se l f  has  not hi therto been obtained except  by the photochemical  d eco m-  
posit ion of quinone diazides [6], 

In the p r e s en t  work we used for  the synthes is  of 5 ,6 ,7 ,8- te t rahydrobenzo[f ] indole  the c lass ica l  
method of const ruct ing indole s y s t e m s  by Nenitzescu reduct ive  cycl izat ion.  As the intial compound we 
used  3 -n i t ro -  5, 6 ,7 ,8 - t e t r ahydro -  2-naphthaldehyde (VI), which we obtained f r o m  3 -n i t ro -  5, 6,7, 8 - t e t r a h y d r o -  
2-naphthylamine (I) by rep lac ing  the amino group  by a fo rmyl  group~ In a g r e e m e n t  with the analogies  ex-  
ist ing in the l i t e r a t u r e  [7,8], diazot izat ion followed by coupling the diazo compound II with formaldehyde 
oxime and hydro lys i s  of the oxime V took place  unambiguously.  In addition to the aldehyde VI, isolated 
through the bisulf i te  de r iva t ive  with a yield of 30 ~,  the reac t ion  products  were  2 -n i t ro te t ra l in  [9] (III) and 
2 -hydroxy-  3 -n i t ro te t r a l in  (IV). 

The s t r u c t u r e  of the aldehyde VI was conf i rmed  by spec t roscopy .  The hydro lys i s  of the in te rmedia te  
oxime V, without previous  isolat ion was c a r r i e d  out with i r o n - a m m o n i u m  alum and f e r r i c  sulfate.  In the 
l a t t e r  case ,  the reac t ion  did not take place  comple te ly ,  but we succeeded in isolat ing and cha rac t e r i z ing  
the pure  ox ime V. On being heated with pyruvic  acid the l a t t e r  was smoothly  conver ted  into the aldehyde 
VIo 
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"*For Communicat ion III, see  [2]. 
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The condensation of 3 -n i t ro -5 ,6 ,7 ,8 - t e t r ahydro-2-naph tha ldehyde  with n i t romethane  in the p re sence  
of ammon ium ace ta te  led to 3 -n i t ro -2- ( f l -n i t rov iny l ) -5 ,6 ,7 ,8- te t rahydronaphtha lene  (VII) with a yield of 
60 ~.  F r o m  the p r e s e n c e  in the IR s pec t rum of bands of the nonplanar  deformat ion  v ibra t ions  of the hydro-  
gen a toms  of the vinyl g roup  at  930 and 960 cm -~, it may be concluded that compound VII exis ts  in the t r ans  
f o r m  [10]. 

Reductive cycl izat ion was c a r r i e d  out with iron powder in an ethanolic solution of acet ic  acid. The 
5 ,6 ,7 ,8- te t rahydrobenzo[f ] indole  (VIII) fo rmed  was purif ied by vacuum subl imat ion and subsequent  c rys ta l~  
l izat ion f r o m  light pe t ro l eum ether .  On standing, the indole VII rapidly oxidized. I ts  m a s s  spec t rum (taken 
on an MKh- l l03  ins t rument  at 170~ exhibited the s impl ic i ty  that  is c h a r a c t e r i s t i c  for  indole i t se l f  [11 ]. 
In this spec t rum,  the m s x i m u m  peak was the peak of the molecu la r  ion with m / e  171 and the s econd - s t ro n g -  
es t  peak (~50%) (M-27) 143 was the r e s u l t  of the energet ica l ly  favorab le  p r o c e s s  of the el iminat ion of HCN. 
The p r e sence  in the s p e c t r u m  of th ree  peaks with m / e  115, l l 6 , a n d  117, each with an intensity of 10 ~ of 
the molecu la r  peak, a lso  pe rm i t s  this compound to be  ass igned to the indole s e r i e s  [11]. 

The PMR spec t rum*  of compound VIII exhibited signals of protons in the 6.20 and 6.62 ppm which we 
asc r ibed ,  in accordance  with l i t e r a tu r e  data [12],to the fl- and s - p r o t o n s  of the py r ro l e  pa r t  of the m o l e -  
cule. The protons of the benzene r ing have chemica l  shif ts  in the 7.13 and 6.50 ppm regions .  The b r o ad -  
ened signal of the proton at tached to the ni t rogen a tom is p re sen t  a t  6.90 ppm. The s ignals  of the protons 
of the al iphatic  pa r t  of the molecule  a r e  p re sen t  in the s t rong-f ie ld  region (5 2.81 and 1.78 ppm). The pos i -  
tions of all  these  s ignals  conf i rm the s t ruc tu re  as 5 ,6 ,7 ,8- te t rahydrobenzo[f] indole .  

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

3-Ni t ro -5 ,6 ,7 ,8 - te t rahydro-2-naph tha ldehyde  (V1). With Stirr ing,  20 g (~ 0.1 mole) of 3 -n i t ro -5 ,6 ,7 ,8 -  
t e t r ahydro-2-naph thy lamine  (1) [13] was suspended in a mixture  of 23 ml of concentra ted  hydrochlor ic  acid, 20 ml 
o f w a t e r , a n d 4 0 g o f i c e .  Then a solution of 7.54 g (0.11 mole)  of sodium ni t r i te  in 10 ml  of water  was slowly 
added at  0-5~ and the mix tu re  was s t i r r ed  for  another  30 rain and was f i l te red  through a g lass  f i l te r  (the 
amine  res idue  amounted to 4.4 g). The f i l t ra te  was t r ea ted  with a solution of 12.5 g of sodium ace ta te  in 
20 ml  of water  to neutra l i ty .  A mix tu re  of 14.5 ml of 35% fo rma l in  solution and 11.9 g of hydroxylamine  
hydrochlor ide  in 70 ml of water  was heated until a c l ea r  solution had been obtained. Then 22.2 g of sodium 
ace ta te  was added and the mix tu re  was heated at 90-95~ for  15-20 rain, cooled to 10~ and t rea ted  with 
0.44 g of sodium sulfate,  4.4 g of hydra ted  copper  sulfate,  and a solution of 71.75 g of sodium ace ta te  in 78 
ml  of water .  With v igorous  s t i r r ing ,  a solution of the 3 -n i t ro -5 ,6 ,7 ,8 - t e t r ahydronaph tha lene -2 -d iazon ium 
chloride p r e p a r e d  above and cooled to 0~ was added to the resul t ing  solution of formaldehyde  oxime.  The 
l ibera ted  ni t rogen caused ve ry  pronounced foaming,  and the oxime V prec ip i ta ted  in the f o r m  of a da rk  
brown r e s in  fo rming  a l a rge  clot.  After  the addition, s t i r r ing  was continued fo r  another  1 hr  and then the 
mix tu re  was acidified to Congo red with concent ra ted  hydrochlor ic  acid and the liquid l aye r  was sepa ra t ed  
f r o m  the res inous  oxime by decantation.  The oxime was t r ea ted  with 42 g of i ron ammonium a lum in 100 
ml of water .  The mix tu re  was heated under  ref lux  for  40 rain and dist i l led with s t eam.  The f i r s t  f r ac t ions  
of d is t i l la te  contained cons iderab le  amounts of 2 -n i t ro te t ra l in  (III) and of 2 -hydroxy-3 -n i t ro t e t r a l i n  (IV), 
which were  sepa ra t ed  by t rea t ing  the e therea l  ex t rac t s  with 40 ~ sodium bisulf i te  solution. The bisulf i te  
der iva t ive  was decomposed  by being boiled with 2N sulfur ic  acid,  and the aldehyde VI was f i l t e red  off, 
washed with water ,  and dr ied.  Yield 5.3 g (30 ~) ,  mp 87-88~ (from e thano l ) . .R  S 0.72 (benzene; he re  and 
below a luminaof  act ivi ty  grade  II was used and the spots were  revea led  with iodine). UV spec t rum kmax  
236,274-280nm;  log e 4.02, 3.71 (in ethanol). IR spec t rum,  cm- l :  1695 (C =O),1535, 1345 (NO 2) (in p a r a f -  
fin oil). Found, %: C 64.25; H 5.41; N 6.74. Calculated for  CIIHllNO3, % �9 C 64.38; H 5.40; N 6.82. 

After  the separa t ion  of the bisulf i te  der iva t ive ,  the e therea l  solutions were  evapora ted  in vacuum and 
the res idue  was ch romatographed  on a column of alumina.  Elution was c a r r i e d  out f i r s t  with pe t ro leum 
ether ,  giving, a f te r  the dist i l lat ion of the solvent,  the ni t ro  compound III, mp 31.4~ [9]. Then elution was 
continued with b e n z e n e - m e t h a n o l  (9 "1). The eluate was evapora ted  and the res idue  was dis t i l led with 
s t eam.  The 2 -hydroxy-3 -n i t ro t e t r a l i n  (IV) sepa ra ted  f r o m  the d is t i l la te  on cooling in the f o r m  of br ight  
yel low needles ,  which were  f i l te red  off, washed with pe t ro leum ether ,  and dr ied,  mp  81-82~ Rf  0.43 

*The PMR spec t rum  was taken on a JNM-44-100 s p e c t r o m e t e r  with a working f requency of 100 MHz. 
CC14 was used as the solvent  and hexamethyldis i loxane as the internal  s tandard .  The s ignals  of all  the 
protons were  apprec iably  broadened,  apparent ly  because  of the p r e sence  of t r a c e s  of i ron in the sample .  
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[ benzene -me than o l  (9: 1)]. UV spec t rum:  Xmax 288-294, 360 nm; log e 3.92, 3.54 (in ethanol). IR spec -  
t-rum, cm- l :  3200 (OH), 1535, 1330 (NO2) (in pa ra f f in  oil). Found, %: C 62.39; H 6.13; N 7.29. Calculated 
for C10HlINO2, %: C 62.17; H 5.74; N 7.26. 

Oxime of 3 -Ni t ro -5 ,6 ,7 ,8 - t e t r ahydro -2 -naph tha ldehyde  (V)o The res inous  c rude  oxime obtained in the 
preceding  expe r imen t  was ~reated with 300 ml  of water  and, with s t i r r ing ,  70 g of i ron sulfate  was g radua l -  
ly added and the mix tu re  was boiled for  40 min.  Af te r  cooling, i t  was ex t rac ted  with e ther ,  the e therea l  ex-  
t r a c t s  were  dr ied with sodium sulfate ,  and the solvent  was dist i l led off. The res inous  res idue  c rys t a l l i zed  
on standing for  some  days,  and it was washed with ch lo ro fo rm and r ec ry s t a l l i z ed  f r o m  ethanol, mp 169- 
170~ Rf  0.46 [benzene -m e t hano l  (9:1)].  UV spec t rum:  kma  x 248-250 nm;  log e 4.20 (in ethanol). IR 
spec t rum,  c m - 1 : 3 3 0 0  (OH); 1670 (C==N); 1530, 1350 (NO 2) (in paraff in  oil). Found, fro: C 60.05; H 5.72; 
N 12.80. Calculated for  CnH~2N203, %: C 59.99; H 5.49; N 12~ 

2 -Ni t ro -3 - ( f l -n i t rov iny l ) -5 ,6 ,7 ,8 - t e t r ahydronaph tha lene  (VII). A mix tu re  of 1.8 g of the aldehyde VI, 
1.7 m f  of n i t romethane ,  0.67 g of am m on i um aceta te ,  and 6.7 ml of glacial  acid was boiled in a cu r r en t  of 
n i t rogen for  2 hr .  Af ter  cooling, the reac t ion  mix tu re  was carefu l ly  poured into 40 ml  of ice water ,  and 
the v iscous  reac t ion  product  that  s epa ra t ed  out was conver ted  into a solid powder by t r i tu ra t ion .  It was 
f i l t e red  off, well washed with water ,  and dr ied.  The yield of c rude  VII was 2 g. It was d isso lved  in ch lo ro-  
fo rm,  the c h l o r o f o r m  solution was washed with sa tu ra t ed  sodium bisul fa te  solution and dr ied  with anhydrous 
sodium sulfate ,  concent ra ted  to smal l  volume,  and t r ea t ed  with pe t ro l eum ether  until c rys ta l l i za t ion  began. 
The prec ip i ta te  was f i l te red  off, giving 1.3 g (60 ~)  of compound VII. Fo r  ana lys i s ,  the subs tance  was r e -  
c rys t a l l i zed  f r o m  ethanol,  mp 145-146~ IR spec t rum,  c m - l :  1640 (C==C), 1550, 1350 (NO~) (in paraf f in  
oil). Found, q :  C 58.05; H 4.83; N l l . 6 7 .  Calculated for  C12Hl~N204, % : C 58.06; H 4.88; N l l . 6 8 .  

5 ,6 ,7 ,8-Te t rahydrobenzo[ f ] indole  (VIII). With heating to 35~ 1.3 g of compound VII was dissolved 
in a mix tu re  of 16 ml  of absolute  ethanol and 20 ml  of glacia l  acet ic  acid. With v igorous  s t i r r ing  at 25~ 
4 g of i ron powder was added in one port ion to the solution, and then the mix tu re  was heated in the water  
bath at 40-45~ fo r  30 rain, cooled to 20~ t rea ted  with 30 ml of water ,  and neut ra l ized  with dry  sodium 
b ica rbona te  to pH 7-7.5.  Then it was ex t rac ted  with e ther  and the ethanol ex t r ac t  was washed with water  
and dr ied  with anhydrous sodium sulfate .  The r e s idue  f r o m  the dis t i l la t ion of the solvent  was dissolved in 
ch lo ro fo rm and prec ip i ta ted  with pe t ro l eum ether .  The prec ip i ta te  was f i l te red  off and was then subl imed 
in vacuum.  This gave 0.2 g (24 ~)  of subs tance  VIII, mp 63-64~ (f rom pe t ro l eum ether ,  bp 40-60~ g iv-  
ing a g reen  color  with Ehr l i ch ' s  reagent ,  R f  0.55 (benzene). UV s p e c t r u m :  ~max 224, 278, 300 rim; log e 
4.50, 3.82, 3.76 (in ethanol). IR spec t rum,  c m - l :  3420 ( N - H )  {in paraff in  oil). Found, %: N 8.26. Calcu-  
lated for  C12HI31N, ~c: N 8.19. 
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