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The reduct ion of 9-subst i tu ted  functional der iva t ives  of t e t r ahyd roca rbazo l e s  with sodium 
borohydr ide  was invest igated.  9 -Carbazo ly lace ton i t r i l e  was obtained instead of the expected  
py raz inoca rbazo l e  der iva t ives  in an a t tempt  to cycl ize 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y d r o - 9 - c a r b a -  
zo ly lace tamide .  

The reduct ion of 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y d r o c a r b a z o l e  der iva t ives  with sodium borohydr idewas  studied 
in [1]. 1 - H y d r o x y - l , 2 , 3 , 4 - t e t r a h y d r o - 9 - m e t h y l c a r b a z o l e  (II) was obtained by the act ion of sodium borohy-  
dr ide  in 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y d r o - 9 - m e t h y l c a r b a z o l e  (I). The reduct ion  of ethyl 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y -  
d r o - 9 - c a r b a z o l y l a c e t a t e  0Ii) [2] with sodium borohydr ide  gives 1 - h y d r o x y - l , 2 , 3 , 4 - t e t r a h y d r o - 9 - ( / 3 - h y -  
droxyethyl )carbazole  (IV). The la t t e r  was a l so  synthes ized  by reduct ion of 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y d r o - 9 -  
( f i -hydroxyethyl )carbazole  (V) [2] with sodium borohydr tde .  An a t tempt  to cycl ize IV to an oxazinoindole 
der iva t ive  by the action of p - t o h e n e s u l f o n i c  acid was unsuccessful .  Only the keto group is r educed  in the 
reduct ion of 1 - k e t o - l , 2 , 3 , 4 - t e t r a h y d r o - 9 - c a r b a z o l y l a c e t a m i d e  (VI) [2] with sodium borohydr ide  to give 1 -  
hydroxy-  1 ,2 ,3 ,4 - t e t r ahydro-  9- ca rbazo ly lace tamide  (VII). 
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9-Carbazo ly lace ton i t r i l e  (IX) was obtained instead of the expected  py raz inoca rbazo le  der ivat ive  (VIII) 
in an a t tempt  to cyel ize VI by means of phosphorus  oxychloride.  

The PMR s p e c t r u m  of n i t r i le  IX contains a s inglet of protons  of the methylene group at4.81 ppm and a 
mult iplet  at 7.08-8.9 p p m  cor responding  to eight a r o m a t i c  pro tons .  The m a s s  s p e c t r u m  contains a m o l e c -  
u la r - ion  peak  (M +) at m / e  206, a second peak  at m / e  180 (M - 26) cor responds  to e l iminat ion of CN-, and 
a more  intense peak  at m / e  (M - 40) co r re sponds  to ion A. A ve ry  weak absorp t ion  band is found at 2250 
c m  -1 in the IR s p e c t r u m .  A shift  in the absorp t ion  max ima  to the longer -wave  reg ion  is obse rved  in the UV 
s p e c t r u m ,  and this indicates a longer  conjugation chain in IX than in the s t a r t ing  VI. 

The reduct ion of IX with l i th ium a luminum hydride gives the p rev ious ly  unknown 9- ( /3-aminoethyl )ear -  
bazole  hydrochlor ide  (X). Acid hydro lys i s  of IX gives 9 -ca rbazo ly lace t i c  acid (XI). No mel t ing-point  de-  
p r e s s i o n  was obse rved  for a mixture  of samples  of XI obtained by hydro lys i s  of IX by the method desc r ibed  
in [3]; the IR, PMR, and m a s s  s p e c t r a  of the s amples  of XI a re  identical.  

In connection with the fact  that the synthes is  of IX f r o m  VI is unusual, we obtained IX f r o m  9 - c a r b a -  
zao ly lace tamide  (XII) by the action of phosphorus  oxychloride.  No mel t ing-point  depress ion  was obse rved  
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for a mixture of samples of IX obtained by the various methods, and their  UV, I_R, PIVIR, and mass  spec t ra  
were  identical. 

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

The IR spec t ra  of the compounds were r eco rded  with Pe rk in -E lmer  and UR-10 spec t romete r s .  The 
UV spec t ra  of ethanol solutions were  r eco rded  with a Hitachi EPS-3T spect rophotometer .  The PMR spec-  
t r a  were  r e c o r d e d  with JNM-4H100 and C-60HL spec t rome te r s  with dimethyl sulfoxide (DMSO) as the in- 
ternal  s tandard  for IX and XI and tert-C4HgOH as the internal s tandard for X. Thin- layer  chromatography 
(TLC) was ca r r i ed  out on Stlufol UV-254 plates.  

1 -Hydroxy- l ,2 ,3 ,4 - t e t r ahydro -9 -me thy lca rbazo le  (II). A solution of 1.9 g (0.05 mole) of sodium boro -  
hydride in 200 ml of water  was added to a solution of 7.9 g (0.04 mole) of I in 200 ml of methanol, after  

�9 which the mixture was refluxed for 30 rain. It was then cooled and poured over ice, and the resul t ing p r e -  
cipitate was removed  by fi l t rat ion to give 5 g (62%) of a product  with mp 129-130 ~ (from methanol). IR spec-  
t rum:  3225 cm - I  (OH). The product  had Rf 0.6 [ace tone-hexane  (1 : 1)]. Found: C 77.8; H 7.8; N 6.7%. 
C13H15NO. Calculated: C 77.5; H 7.5; N 6.9%. 

1-Hydroxy- l ,2 ,3 ,4- te t rahydro- ( f i -hydroxye thyl )carbazole  (IV). A) A solution of 1.64 g (0.043 mole) 
of sodium borohydrtde in 40 ml of water  was added to 6 g (0.22 mole) of es te r  III in 40 ml of methanol, af-  
t e r  which the mixture was ref laxed for 30 rain. It was then poured over ice, and the result ing precipi tate  
was removed  by fi l tration to give 4 g (80%) of a product  with mp 103-104 ~ (from methanol) and Rf 0.27 
[ace tone-hexane  (1 : 1)]. IR spec t rum:  3200 cm -I  (OH). Found: C 72.5; H 7.1; N 5.9%. CI4H17NO 2. Cal- 
culated: C 72.7; H 7.4; N 6.0%. 

B) A solution of 0.72 g (0.018 mole) of sodium borohydrtde in 100 ml of water  was added to 3.5 g 
(0.015 mole) of V in 100 ml of methanol, af ter  which the mixture was refluxed for 16 h. It was then cooled 
and diluted with water .  The l iberated oily substance began to crys ta l l ize  on cooling. Workup gave 1.8 g 
(53%) of a product  with mp 104-105 ~ (from methanol) and Rf 0.27 [acetone -hexane  (1 : 1)]. IR spec t rum:  
3200 cm -1 (OH). Found: C 72.8; H 7.2; N 6.0%. C14H17NO2 . Calculated: C 72.7; H 7.4; N 6.0%. No mel t -  
ing-point depress ion was observed  for a mixture of samples of IV obtained by methods A and B. 

�9 1 -Hydroxy- l ,2 ,3 ,4 - t e t r ahydro -9 -ca rbazo ly lace tamide  (VH). A solution of 0.16 g (0.0045 mole) of 
sodium borohydride in 50 ml of water  was added to 1 g (0.004 mole) of VI in 50 ml of methanol, after  which 
the mixture was refluxed for 3 h, cooled, and poured over ice. The resul t ing precipi ta te  was removed by 
fi l tration to give 0.8 g (80%) of a product  with mp 218-219 ~ (from methanol) and Rf 0.15 [acetone-hexane 
(1 : 1)], IR spec t rum:  3480 cm - I  (OH). Found: C 68.5; H 6.7; N 11.5%. C14H16N202. Calculated: C 68.8; 
H 6.6; N 11.4%. 

9-Carbazo ly lace ton i t r i l e  (IX):. A) A 5-g (0.02 mole) sample of amide VI was mixed with 250 ml of 
phosphorus oxychloride,  and the resul t ing solution was refluxed for 3 h. The excess phosphorus oxychlo- 
r ide was then removed  by vacuum distillation to dryness ,  and the res idue was dissolved in the minimum 
.amount: of dioxane. The dioxane solution was mixed with water ,  and the precipi ta ted crysta ls  were removed 
by fi l t rat ion and dissolved in chloroform.  The ch loroform solution was passed  through a colurml filled with 
s i l ica  gel for purification, and the solution was evaporated to give 4.3 g (84%) of a product wish mp 137-138 ~ 
(from alcohol) and Rf 0.66 (chloroform). PMR spec t rum (CD3CN): 4.81 (CH2)s,* 7.08-8.09 (1,2,3,4,5,6,7,8H) 
m p p m .  UV spec t rum,  ~-max (in alcohol), nm (log ~): 234(4.69); 250(4.30); 258(4.03); 292(4.29; 324(3.61); 
338(3.61). IR spec t rum:  2250 cm -1 (CN). Found: C 81.6; H 4.8; N 13.5%. C14H10N2. Calculated: C 81.5; 
H 4.8; N 13.5%. 

]3) A mixture of 3 g (0.12 mole) of XII and 30 ml of phosphorus oxychloride was refluxed for 1 h, after 
which the excess phosphorus oxychloride was evaporated to dryness ,  and the res idue was dissolved in the 

*Abbreviat ions:  s is singlet and m is multiplet. 
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min imum amount of dioxane. The dioxane solution was mixed with wa te r ,  and the resu l t ing  emuls ion was 
ex t rac ted  with ch loroform.  The solution of IX in ch lo ro fo rm was subjected to azeot ropic  dist i l lat ion to r e -  
move the wa te r ,  and the res idua l  solution was p a s s e d  through a layer  of s i l i ca  gel. The solution was then 
evapora ted  to d ryness ,  and the res idue  was dissolved in the min imum amount of ch loroform.  The ch loro-  
f o r m  solution was subjected to p r e p a r a t i v e  ch roma tog raphy  on a loose l aye r  of s i l ica  gel. A substance  with 
Rf 0.66 (chloroform) was eluted with ch lo roform,  the eluate was evapora ted  to two thirds  of its or iginal  vol -  
ume,  and the resu l t ing  p rec ip i t a t e  was r e m o v e d  by  f i l t ra t ion to give 0.3 g (10%) of a compound with mp 136- 
137 ~ ( f rom alcohol). Found: C 81.4; H 5.1; N 13.6%. C14H10N 2. Calculated: C 81.5; H 4.8; N 13.5%. No 
mel t ing-poin t  depress ion  was obse rved  for  a mix tu re  of s amples  of IX obtained by methods A and B. 

9-(/3-Ethylamino}carbazo.l.e Hydroehlor ide  (X). A solution of 2.0 g (0.009 mole) of n i t r i le  IX in 15 ml  
of dioxane was added to a suspens ion  of 1.7 g (0.045 mote) of l i th ium a luminum hydride in absolute e ther ,  
a f te r  which the mix ture  was s t i r r e d  and ref luxed for  3 h. Water  was then added careft t l ly,  the organic  l aye r  
was sepa ra t ed ,  and the aqueous l aye r  was ex t rac ted  with e ther .  The combined e ther  ex t r ac t s  were  dr ied 
with magnes ium sulfate ,  half  of the solvent  was r e m o v e d  by dist i l lat ion,  and the res idua l  solution was ac id-  
ified with an e ther  solution of hydrogen chloride.  Workup gave 1.8 g (81%) of a product  that decomposed  
above 300 ~ IR s p e c t r u m  of the base :  3350 (NH 2) and 3180 cm -1 (NH2). PMR s p e c t r u m  (in D20): 3.34 (NH 2) 
t ,  4.64 (CH2) s ,  6.0-7.3 (1,2,3,4,5,6,7,8H) m. Mass spec t rum:  M + 210, m / e  180 (M-30), and m / e  166 (M-46). 
Found: C 68.3; H 6.1; N 11.5%. C14HIsN2C1. Calculated: C 68.1; H 6.1; N 11.3%. 

9 -Carbazo ly lace t i c  Acid (XI). A solution of 4 g of ni t r i le  IX in 35 ml  of dioxane was mixed with 10 ml 
of concent ra ted  hydrochlor ic  acid, and the mixture  was ref luxed for 1 h. I t  was then cooled and diluted with 
wa te r ,  and the resu l t ing  p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion.  The product  was pur i f ied  through the so -  
dium sa l t  to give 3.8 g (88%) of XI. IR s p e c t r u m :  1730 c m  -1 (C =O). P]VIR s p e c t r u m  (in CD3CN): 5.00(CH2) 
s and 7.3-8.1 (1,2,3,4,5,6,7,8H) m. Mass s p e c t r u m :  M+225,  m / e  180 (M-45), and m / e  166 (M-59). Found: 
C 47.7; H 5.1; N 6.6%. CuHllNO 2. Calculated:  C 74.6; H 4.9; N 6.2%. The produc t  had mp 212-213 ~ (from 
alcohol) imp 215 ~ (from alcohol) [3]]. 

9 -Carbazo ly l ace t amide  (XII). Sodium methoxide,  p r e p a r e d  f r o m  0.076 g - a t o m  of sodium, was added 
to a solution of 13 g (0.07 mole) of ca rbazo le  in 70 m.l of dry  d ime thy l fo rmamide ,  the alcohol was r e m o v e d  
f r o m  the solution by d~stillation, a solution of 1.9 g (0.2 mole) of ch lo roace tamide  in 100 ml of dry DMF was 
added to it, and the mix tu re  was ref luxed for 3 h. It was then diluted with wa te r ,  and the resu l t ing  p r e c i p -  
itate was r e m o v e d  by f i l t ra t ion.  A solution of XII in ch lo ro fo rm was p a s s e d  through a column fil led with 
s i l i ca  gel for  pur i f ica t ion,  a f te r  which the solution was evapora ted  to give 3 g (17%) of product .  IR s p e c -  
t rum:  1640 (C =O), 3440 (NH2) , 3200 (NH2) c m  -1. The product  had mp 241-242 ~ (from alcohol) imp 244 ~ 
(from alcohol [4]]. 
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