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(4 ,5 ,6 ,7 -Te t r ahydro -4 - indo l idene )ace t i c  acid de r iva t ives  were  obtained by the reac t ion  of 1-  
benzyl -  and 1 -ace ty l -4 -oxo-4 ,5 ,6 ,7 - t e t r ahydro indo le s  with the ethyl e s t e r ,  ni t r i le ,  and d ie thyl -  
amide  of b r o m o a c e t i c  acid.  

4 -Oxo-4 ,5 ,6 ,7 - te t rahydro indo les ,  which have become  acces s ib l e  in r ecen t  y e a r s  [2,3], a r e  an i n t e r e s t -  
ing subject  for  study for  the p repa ra t ion  of ha rd - to -ob ta in  4-hydroxyindoles  [4] and fo r  the synthes is  of p h a r -  
macologica l ly  act ive compounds [5,6]. 

We have ca r r i ed  out the Reformatsk i i  r eac t ion  for  4 -oxo-4 ,5 ,6 ,7 - te t rahydro indo le  (I)  and its d e r i v a -  
t ives  {II and III) with b r o m o a c e t i c  acid de r iva t ives  in o r d e r  to obtain 4 -a lky l te t rahydro indo les .  The r e a c -  
tion was ca r r i ed  out with excess  Reformatsk i i  reagent  (no less  than 2 moles  pe r  mole  of carbonyl  compound) 
in t e t r ahydro fu ran  with m e r c u r i c  ch lo r ide -ac t iva ted  zinc fil ings [7]. 

The s ta r t ing  ketone was r e c o v e r e d  quanti tat ively in the a t t empted  reac t ion  of I [2] with ethyl b r o m o -  
aceta te  or  N,N-d ie thy lbromoace tamide .  The reduced  reac t iv i ty  of the carbonyl  group with r e s p e c t  to nuc le-  
ophil ic a t tack by the CH2COR anion [8] is probably  due to the effect  of the unshared  pa i r  of e lec t rons  of n i -  
t rogen,  which is t r ansmi t t ed  through the conjugation chain. The Reformatsk i i  r eac t ion  was poss ib le  for  the 
N-ace ty l  der iva t ive  ( I I )  of I, in which this effect  is weakened.  The reac t ion  of II  with the ethyl e s t e r  o r  d i -  
e thylamide (VII) of (4 ,5 ,6 ,7 - t e t r ahydro -4 - indo l idene )aee t i e  acid. The reac t ion  of the ethyl e s t e r ,  n i t r i le ,  
and diethylamide of b r o m o a c e t i c  acid with the N-benzyl  der iva t ive  (III)  of I also gave the cor responding  
benzyl  der iva t ives  (V, VI, and VIII, r e spec t ive ly  ) of (4 ,5 ,6 ,7 - te t rahydro-4- indo l idene  }acetic acid.  E s t e r  V 
was obtained in a yield of only 10% in the reac t ion  of III  with the diethyl e s t e r  of carboxymethylphosphin ic  
acid (the Horner  reac t ion)  [9]. The p re sence  of e s t e r ,  ni t r i le ,  and amide  groups  in IV-VIII  is conf i rmed by 
the IR spec t r a l  data.  The absence  of an absorp t ion  band at 3000-3600 cm - i  is evidence that  V, VI, and VIII 
do not have hydroxyl  groups .  (The bands at 3320 cm - I  for  IV and at 3200 cm - I  for  VII a r e  due to the NH 
groups.)  Compounds IV-VIII  a r e  consequently not fl -hydroxy  compounds - the d i rec t  products  of the Refor -  
matsk i i  r eac t ion  - but a re  fo rmed  as a r e su l t  of dehydrat ion of the fl -hydroxy  compounds,  which p roceeds  
e x t r e m e l y  readi ly  under  the reac t ion  conditions and is due to the fo rmat ion  of a s y s t e m  of conjugated dou- 
ble bonds. The posi t ion of the double bond in the indicated compounds was es tab l i shed  by means  of the PMR 
spec t r a .  The vinyl protons  in the PMR s p e c t r a  of IV, V, and VIII have s ingle t  s ignals  at 5.8-6.1 ppm, while 
the vinyl protons  in the a l te rna t ive  s t r u c t u r e s  of IX should have mul t ip le t  s ignals  in this region.  There  a r e  
th ree  groups  of s ignals  at  1.7-3.1 ppm, which cor respond  to the CII 2 groups  in the 5-, 6-, and 7-pos i t ions .  
Compounds IV-VIII  have UV s pec t r a  that  a r e  s i m i l a r  in c h a r a c t e r  and absorpt ion intensity.  The conjugation 
pointed out above should probably  also explain the fact  that  the nucleophilic reac t ions  of the e s t e r  group a re  
hindered. Thus saponif icat ion of e s t e r  V to acid X p roceeds  under  r a t h e r  s e v e r e  conditions, while the r e -  
p lacement  of the e s t e r  group by amide  and hydrazide  groups  does not occur  on heating with ammonia  in an 
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autoclave and on ref luxing with hydrazine hydrate  at high t e m p e r a t u r e s .  The same  behav ior  with hydraz ine  
hydrate  was noted for  subst i tuted p y r r y l - 3 - a c r y l i c  acids [10]. The reduct ion of die thylamide VIII by l i thium 
a luminum hydride gives  an amine ,  which was c h a r a c t e r i z e d  as the methiodide (XI) .  

CHCOOH CHCOOCzH5 ~ CHCON(C2Hs)2 
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VII R=H; VIII R~CH2C6H5 

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

The IR s p e c t r a  of m i n e r a l  oil suspens ions  were  r eeo rded  with a UR-10 s p e c t r o m e t e r .  The UV s p e c -  
t r a  of ethanol solut ions were  obtained with an EPS-3 s p e c t r o m e t e r ,  and the PMR s p e c t r a  of deu te roch lo ro -  
f o r m  solutions were  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r  (100 MI-Iz) with t e t r ame thy l s i l ane  as  the 
in terna l  s tandard .  The chromatography  was c a r r i e d  out in a thin l ayer  of RUF-254 Silufol with a ch lo ro-  
f o r m - a c e t o n e  (9: 1) s y s t e m  (unless  o therwise  speci f ied)  with development  by the Er l i ch  reagent  at 100 deg. 
The Rf va lues  (the spot color  is given in p a r e n t h e s e s )  a r e  indicated for  a solvent  range  of l l  cm.  P r e p a r -  
at ive chromatography  was r ea l i zed  on KSK s i l ica  gel. P r i o r  to vacuum evapora t ion ,  the solut ions were  
washed with wa te r  until they w e r e  neutra l  and dried with anhydrous sodium sulfate.  

1 -Ace ty l -4 -oxo-4 ,5 ,6 ,7 - t e t r ahydro indo le  ( I I ) .  A 3.73 g (0.095 g - a t o m )  sample  of po t a s s ium was d i s -  
solved at 50-55 deg in dry  t e r t - bu ty l  alcohol,  and 200 ml  of dry  benzene was  added by drops  with s imu l t ane -  
ous r emova l  of the excess  alcohol by dist i l lat ion.  The boiling point of the solution rose  f r o m  73 to 78 deg. 
A 10 g (0.074 mole )  sample  of I [2] was added to the resu l t ing  suspension,  and the mix tu re  was ref luxed for  
2 h, cooled to room t e m p e r a t u r e ,  and 7.5 g (0.095 mole )  of aeety l  chloride was added by drops .  The m i x -  
tu re  was s t i r r e d  for  30 rain, and the solution was washed with 10% sodium bicarbonate  until it gave a neut ra l  
reac t ion .  The solvent  was r em oved  by dis t i l la t ion to d ryness ,  and the res idue  was r e e r y s t  a l l ized f r o m  cy-  
clohexane to give 8.8 g (67%) of II with mp 97-98 deg. Found: C 67.9; H 6.2; N 8.1%. C12H13NO ~. Calculated: 
C 67.8; H 6.3; N 7.9%. IR spec t rum,  cm- i :  1730 (C=O) ,  1660 (amide  C=O).  

Genera l  Methods for  P e r f o r m i n g  the Refo rmat sk i i  Reaction.  A) A solution of 0.025 mole  of ketone 
II  o r  III and 0.05 mole  of ethyl b romoace t a t e  in 100 ml  of dry t e t r ahyd ro fu ran  was added in the course  of 30 
rain to 0.05 g - a t o m  of zinc fi l ings that  had been washed with acetone and e ther ,  dr ied at 100 deg, and ac t iva -  
ted by s eve ra l  m e r c u r i c  chloride c rys t a l s .  The mix tu re  was ref luxed for  10-12 h, the solution was cooled 
to 0 deg, and 10% aqueous ace t ic  acid was added with s t i r r ing .  The reac t ion  product  was ex t rac ted  with ben -  
zene or  methylene chlor ide,  and the ex t r ac t  was  evapora ted  to d rynes s .  

B) Zinc fi l ings (0.18 g - a t o m )  and a solution of 0.18 mole  of N ,N-d ie thy lb romoace tamide  [11] or  b r o -  
moace ton i t r i l e  [12] in dry t e t r ahydro fu ran  were  added in th ree  identical  por t ions ,  each a f t e r  I h of r e f lux -  
ing, to a solution of 0~ mole  of ketone I I  o r  iII  in dry t e t r ahydro fu ran  containing s eve ra l  m e r c u r i c  chlo-  
r ide  c rys t a l s .  The mix tu re  was  ref luxed for  7 h and worked up as indicated in method A. 

Ethyl  (4 ,5 ,6 ,7 -Te t r ahydro -4 - indo l idene )ace t a t e  ( IV) .  A tota l  of 3.5 g of an oil was  obtained f r o m  3.25 
g of II by method A a f te r  evapora t ion .  The oil was  dissolved in 25 ml  of 2% po ta s s ium hydroxide in m e t h a -  
nol and allowed to stand at room t e m p e r a t u r e  for  30 rain. The solution was  neut ra l ized  with ace t ic  acid,  the 
solvent  was r emoved  by dis t i l la t ion to d ryness ,  and the res idue  was  washed with wa te r .  The c rys ta l l ine  r e -  
sidue was t r i t u ra t ed  with benzene,  and 0.99 g of I with Rf 0.23 ( r o s e )  and mp 184-186 deg ( f r o m  methanol )  
was  f i l te red  off. The benzene m o t he r  l iquor was  pa s sed  through a l aye r  of s i l ica l  gel containing carbon  to 
give 2.24 g (45%) of IV with 'rnp 120-123.5 deg ( f rom cyclohexane,  70% aqueous methanol )  and Rf 0.8 (v io le t ) .  
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Found: C 70.3; H 7.3; N 7.3%. C12HIsNO 2. Calculated:  C 70.3; H 7.4; N 6.8%. IR s p e c t r u m ,  cm -1" 3320 (NH),  
1675 ( e s t e r  CO). UV s p e c t r u m :  Xmax 320 rim, log e 4.35. PMR s p e c t r u m :  1.93 mult iplet ,  2.67 t r ip le t ,  3.11 
t r ip le t  (3CH2), 5.95 singlet  (CH--C) ,  6.35 mult iplet ,  J1,2 = 2.4 I-Iz ( f l -CH) ,  6.63 t r ip le t ,  J1,3 =2.1 Hz (~ -CH) .  

Ethyl (1 -Benzy l -4 ,5 ,6 ,7 - t e t r ahydro -4 - indo l idene )ace t a t e  iV) .  A) A total  of 18.7 g of  an oil was ob-  
tained f r o m  15 g of III  by method A. This oil was  dissolved in e y c l o h e x a n e - m e t h y l e n e  chloride (6: 1) ,  and 
the solution was passed  twice through a l ayer  of s i l ica  gel to give 10.2 g (51%) of V with mp 90-92.5 deg 
( f rom cyclohexane,  methanol)  and Rf 0.82 [dark-blue ,  e y c l o h e x a n e - a c e t o n e  (7: 3)].  Found: C 77.6; H 7.0; 
N 4.7%. C19H21NO2. Calculated: C 77.3; H 7.2; N 4.7%. IR spec t rum,  cm- l :  1690 ( e s t e r  C=O),  1610 (con-  
jugated C=C) .  UV spec t rum:  Xmax 318 nm, log e 4.42. PMR spec t rum,  5, ppm: 1.21 t r i p l e t ,  4.09 quar te t  
(CH~CH 2 ), 1.78 mult iplet ,  2.43 t r ip le t ,  3.01 t r ip le t  (3CH 2), 4~ singlet ,  7.0 mul t ip le t  (CH2C6Hs), 5.86 s ing-  
let  (CH=C) ,  6.27 doublet  ( f i -CH) ,  6.50 doublet ( a - C H ) .  

B) A solution of sodium ethoxide ( f rom 0.22 g of sodium and 8 ml  of alcohol)  was  added at r oom t e m -  
pe ra tu re  in the course  of 15 rain to 0.5 g (0o0025 mole)  of III in 7 ml  of dry t e t r ahydrofu ran .  A solution of 
2.12 g (0.0107 mole) of the diethyl e s t e r  of carboxymethylphosphinic  acid in 7 ml  of dry t e t r ahydro fu ran  �9 
was then added by drops  in the course  of 15 rain. The mix tu re  was  ref luxed for  5 h, and a f r e sh ly  p r e p a r e d  
port ion of the sodium der iva t ive  f r o m  1.06 g of the diethyl e s t e r  of earbethoxymethylphosphinic  acid and 
0.11 g of sodium in 4 ml  of diethyl e ther  was added. The reac t ion  mix tu re  was again ref luxed for  another  
2 h and evapora ted  to d ryness .  The reac t ion  product  was ex t rac ted  with benzene,  and the ex t r ac t  was  evap-  
ora ted  to d ryness  to give 0.45 g of an oil (Rf 0.62, 0.82) [ eyc lohexane -ace tone  (7:3)],  which was c h r o m a -  
tographed with a column filled with 10 g of s i l ica  gel. Elution with 100 ml  of methylene chloride gave 0.07 
g (10%) of V with mp 89-90 deg. F u r t he r  elution with 200 ml  of methylene c h l o r i d e - c h l o r o f o r m  (1 : 1) gave 
0.35 g of III with Rf  0.62 ( r a spber ry -eo lo red ) .  

( 1 -Benzy l -4 ,5 ,6 ,7 - t e t r ahyd ro -4 - indo l idene )ace t i c  acid (IX).  A mix ture  of 0.5 g of V in 30 ml  of 10% 
methanol ic  po tass ium hydroxide was ref luxed for  6 h, and the solution was neut ra l ized  with acet ic  acid and 
diluted with 30 ml  of wate r .  The resul t ing  prec ip i ta te  was f i l te red  and c rys t a l l i zed  twice f r o m  methanol  to 
give 0.16 g of IX with mp 159-161 deg. Found: C 7603; H 6.2; N 5.6%. C17Hl~NO2o Calculated:  C 76.4; H 6.4; 
N 5.2%. IR spec t rum,  cm- l :  2550-2750 (OH),  1670 (CO).  UV s p e c t r u m :  Xmax 297 nm, log e 4.25. 

(1 -Benzy l -4 ,5 ,6 ,7 - t e t r ahydro -4 - indo l idene )ace ton i t r i l e  ( u  A tota l  of 7.1 g of an oil was  obtained 
f r o m  6 g of III  by method B. This oil was dissolved in b e n z e n e - c y c l o h e x a n e  and pa s sed  through a l aye r  of 
s i l ica  gel.  B e n z e n e -  cyclohexane (1:1 ), followed by benzene,  eluted 4.65 g of an oil that  was  r e c h r o m a t o -  
graphed with a column filled with 70 g of  s i l ica l  gel.  A total  of 300 ml  of b e n z e n e - m e t h y l e n e  chloride (3 :1 )  
eluted 2.22 g (36%) of an oil with 1~ 0.61 [blue, c y c l o h e x a n e - a c e t o n e  (7: 3)], while 200 ml  of the s a m e  m i x -  
ture  eluted 1.51 g of III. A 2.22 sample  of the oil was  r eeh roma tog raphed  with a column fil led with 90 g of 
a luminum oxide. Benzene eluted 1.12 g of a l ight-yel low oil, which, a f t e r  t r i tu ra t ion  with cyclohexane,  gave 
0.83 g of VI with mp 49-53 deg. Found: C 81.9; H 6.5; N 11.3%. CITH16N 2. Calculated: C 82.2; H 6.5; N 
11.3%o IR spec t rum,  cm-1. ~ 2200 (C=N) ,  1590 (conjugated C=C).  

N,N-Die thy l (4 ,5 ,6 ,7- te t rahydro-4- indol idene)ace tamide  (VII). A total  of 16 g of an oil was  obtained 
f rom 1.27 g of II v ia  method B. This  oil was  ref luxed for  30 rain with 12 ml  of 2% methanol ic  po ta s s ium 
hydroxide,  and the solution was neut ra l ized  with acet ic  acid and evapora ted  to d rynes s .  The res idue  was 
washed with w a t e r  and t r i t u ra t ed  with acetone to give 0.5 g (50%) of VII with mp 133.5-135.5 deg ( f rom ethyl 
a c e t a t e - h e x a n e )  and Rf 0.28 (v io le t ) .  Found: C 72.0; H 8.7; N 12.3%. C14H20N20. Calculated: C 72.4; tt 8~ 
N 12.1%. IR spec t rum,  cm- l :  3120-3200 (NH),  1615 (amide  CO). UV spec t rum:  Amax 312 nm,  log ~ 4.19. 

N ,N-Die thy l (1 -benzy l -4 ,5 ,6 ,7 - t e t r ahydro -4 - indo l idene )ace t amide  (VIII) .  A total  of 16 g of oil was 
obtained f rom 12.7 g of III via  method B. This oil was t r i t u r a t ed  in ethyl a c e t a t e - p e t r o l e u m  e ther ,  and the 
solid was sepa ra ted  by f i l t ra t ion to give 9 ~ g :(55%) of VIII with mp 107-108 deg ( f rom aqueous methanol  ) 
and Rf 0.66 (v io le t ) .  Found: C 78.6; H 8.0; N 9.1%. C21H26NO 2. Calculated: C 78.2; H 8.1; N 8.7%. IR s p e c -  
t rum:  1620 cm-1 (amide CO). UV spec t rum:  ~ m a x  308 nm,  log e 4.28. PMR s p e c t r u m :  1.13 t r ip le t ,  3.37 
quar te t  (2CH2CH3) , 1.08 mult iplet ,  2.45 t r ip le t ,  2.87 t r ip le t  (3CH2) , 4.97 singlet ,  6.96 mul t ip le t  (CH2C6tIs) , 
6.08 (Ct t=C) ,  6.29 t r ip le t  ( f l -CH) ,  6.96 singlet  (~ -CH) .  

4 -Die thy laminoe thy l idene- l -benzy l -4 ,5 ,6 ,7 - t e t r ahydro indo l ine  Methiodide (X) .  A solution of 0.5 g 
(0.0015 mole )  of VIII in 50 ml  of d ry  t e t r ahydrofu ran  was added with s t i r r i ng  a t  r o o m  t e m p e r a t u r e  to a s u s -  
pension of 0.5 g (0.013 mole )  of LiAIH 4 in 20 ml  of dry t e t r ahydro fu ran ,  and the mix tu re  was s t i r r e d  fo r  
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3.5 h until VIII vanished completely (as monitored by paper  chromatography) .  Water  (0.5 ml) was added 
at + 5 deg, and the result ing precipitate was f i l tered and washed with te t rahydrofuran.  The solution was 
evaporated to dryness ,  0.49 g of the residual  oil was dissolved in 25 ml of dry ether,  and 2 g of f reshly d i s -  
tilled methyl iodide in 20 ml of ether  was added to give 0.36 g (52%) of X. The product  decomposed on 
heating. Found: C 58.3; H 6.7; I 27.9; N 6.2%. C22H31IN 2. Calculated: C 58.6; H 6.9; I 28.2; N 6.2%~ IR spec-  
t r um:  1640 em -1 (conjugated C=C).  
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