
I N D O L E S  

XXIII** SYNTHESIS OF 3a,8a-DISUBSTITUTED DERIVATIVES OF 

2,3,3 a, 8a-T ETRAHYD RO FU RO [2,3-b]INDOLE 

I .  I .  G r a n d b e r g  a n d  S .  N.  D a s h k e v i c h  UDC 547.722.3.754.07 

Tetrahydrofuro[2,3-b]indole derivatives are formed by refiuxing arylhydrazine salts in a lco-  
hol with y - h y d r o x y  ketones that have an a-methyl idyne  group. 

The possibil i ty of the synthesis of te trahydrofuro[2,3-b]indole derivatives by heating arylhydrazine 
salts  with 3 -me thy lpen tan -4 -on - l -o l  in dimethylformamide was investigated in [2,3]. However, subsequent 
investigations showed that per forming the reaction under these conditions does not always lead to the de- 
s i red  resul t .  In par t icu lar ,  the react ion of o-bromophenylhydrazine hydrochloride with 3-methylpentan-4-  
o n - l - o l  gives,  instead of the expected I, N - f o r m y l - N ' -  (o-bromophenyl)hydrazine as a consequence of 
formylat ion of the s tar t ing hydrazine by the solvent.  

When we used isopropyl alcohol as the solvent, we were able to accomplish the react ion of o - b r o m o -  
phenylhydrazine hydrochlor ide with 3 -me thy lpen tan -4 -on- l -o l  and isolated 7-bromo-3 a, 8a-dimethyl-  2,3,3a, 
8a- te t rahydr  ofuro [2,3-b]indole (I). 
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The react ion proved to be convenient for the preparat ion of more  complex compounds of this type, for 
example, II and 5-benzyloxy-3a,  8a-dimethyl-2,3,3a,  8a- te t rahydrofuro  [2,3-b]indole (iII), unsuccessful  at-  
tempts  to synthesize which have already been mentioned in [4]. 

We were unable to obtain tetrahydrofuro[2,3-b]indole derivat ives by using arylhydrazines  with strong 
e lec t ron-accep to r  substituents in the benzene ring. Thus only p-nitroanil ine could be isolated as one of the 
products of the decomposit ion of p-ni t rophenylhydrazine when p-ni trophenylhydrazine hydrochlor ide was r e -  
fluxed with 3 -me thy lpen tan -4 -on- l -o l  in dimethylformamide or  isopropyl alcohol for 20 h. 

To synthesize tetrahydrofuro[2,3-b]indole derivatives with various substituents attached to the 3a- 
and 8a carbon atoms,  it was neces sa ry  to obtain the appropriate 7 -hydroxy  ketones; this was accomplished 
via the scheme shown on page 730. 

Acylation of butyrolactone by the ethyl e s t e r  of the appropriate acid under the conditions of the Claisen 
react ion gave IV-VI, the sodium derivat ives of which were then alkylated with a suitable alkyl halide (iodides 
were best) in dimethyl sulfoxide (VIIa-d) (Table 1). 

* See [1] for communicat ion XXII. 
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TABLE 1. C h a r a c t e r i s t i c s  of the a - A l k y l - a - a c y l b u t y r o l a c t o n e s  

Bp, ~ 
Comp. (press., 

ram) 

vIIa 126(~27 

VIl  1  i 14: 

VIle 92(1)93 

VII 137--140 
(0,5) 

! 

~,~ 0 ~ d,12 o 

-- 1,1004 1,458~ 

48-- 
--49,5 

1,1097 1,4572 

26-- 
--27,5 

UV !!~ Fomd, Calc., 
! specrJ tm* ~ Empirical ~ % ~" 

%'~ o.., ~-H. formula H 
~n~ -~o'" C H C 

220 2,45 1710 10,5 
280 2,27 1765 
252 2,2011720 ]105,5 
258 2,4011756 ] 
264 2,36] I 
286** 1,98 
2134* 2,29 1715 11 
284 1,67]1770 
252 2,82]17201151 
257 2,81 1773 I 
289 2,04 

C9H1403 

] Ci3Hl4Oa 

!C9H1403 

CI3H,4Q 

63,2 8,3 

71,4 6,6 

63,5 8,3 

71,2 6,6 

63,5 8,3 81 

71,5 6,5 89 

63,5 8,3 85,5 

71,5 6,5 76,4 

*In  e thano l .  
Va lence  v i b r a t i o n s  of the acyl  and l ac tone  c a r b o n y l  g roups ,  r e -  

spec t i ve ly .  
$ Obta ined  u s i n g  a T s v e t - 1  c h r o m a t o g r a p h  with a f l a m e - i o n i z a t i o n  
de t ec to r  and a 2 - m  long c o l u m n  packed  with C h r o m o s o r b  G (45-60 
mesh)  with 6+ po lye thy lene  glycol  s u c c i n a t e .  The  c o l u m n  t e m p e r a -  
t u r e  was 176 ~ , the v a p o r i z e r  t e m p e r a t u r e  was 215 ~ , and the g a s -  
c a r r i e r  (ni t rogen)  flow r a t e  was  45 m l / m i n .  
* * In f l ec t ion .  

TABLE 2. C h a r a c t e r i s t i c s  of the y - H y d r o x y  Ketones  

Compound 

3- M e ~ y l p e n t a n -  
4 - o n - l - d l  

Villa 
VIII b 
VIII c 
VIIId 

Bp, ~ 
(press., mm)* 

55--58 (1) 
57--60 (I0) 
91--94 (I) 
44--48 (8) 

112--116 (I) 

IR spec=um, 
YC--O' 'cm -1 

1710 
1710 
1705 
1705 
1670 

GLC retention 
time, mint Yield, %$ 

1,5 70 

2,1 73 
19,9 71 

1,9 75 
- -  78 

* Of the ana lyzed  f r ac t ion .  
Obta ined  u s i n g  a T s v e t - 1  c h r o m a t o g r a p h  with a f l ame  ion iza t ion  

d e t e c t o r  and a 2 - m  long c o l u m n  packed with C h r o m o s o r b  G (45-60 
mesh)  with 6% polye thy lene  g lycol  s u c c i n a t e .  The c o l u m n  t e m p e r a -  
t u r e  was  178 ~ the v a p o r i z e r  t e m p e r a t u r e  was 237 ~ and the gas 
c a r r i e r  (ni t rogen)  flow r a t e  was 15 m l / m i n .  
$ Based  on the 7 - h y d r o x y  ke tone .  

~o=o ~ .+ RCOOC2.5 Na [---=~=COR .R'.a2 
O ~O/~O 

IV--VI 

R' R' 

I I R  

VII a - - d  VIII a - d  IX a - - d  

IV R=CH3; V R=n-C3ttT; VI R=CII~CsHs;  V l l a - - I X a , ~ = C H 3  R '=n-CaH 7, 

b R = C H a  R'=CH2C6Hs, CR=n-CaHT,  R '=CH a, dR=CH2C6H s R '=CH3 
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T A B L E  3. C h a r a c t e r i s t i c s  of T e t r a h y d r o f u r o [ 2 , 3 - b ] i n d o l e  D e r i v a -  

t i v e s  

~omp. 

I 

I1 

III 

IXa 

IXb 

IXc 

IXd 

Bp, ~ 
(press., 
mm) 

Mp, ~ 

UV ~f For nd,~ [ talc. ,%, 
?,p~ctrum AlcOa 

71, e * [~ Empirieall= -a 
,~ ~ formula ~. 

125--1 
0,5 

142(~: 

216--', 
16~-5): 

208--' 

173--2 
(1,5 

1 98--99 

46 

21 ] 71,5--72,5 

'65 74 --75,5 

)14 123,5-- 
--124,5 

41 63,5--64,5 

8 61--62 

234 3,81 
243 3,841 
299 3,50 
253 4,28! 
302 3,75! 
271 3,95 

217^ 4,26 
223 t" 4,10 
250247 
216 4,131 
223 c 3,98 I 
247 3,76: 
225 c 3,931 
243 3,86 

0,66 0,62 0,38 

0,90 --  --  

::17 
0,53 0,15 0,57 

059 o IiO7  
068 

C12HI4BrNO 

C~TH2~NO 

C,vH2~NO2 b 

CI4HIgNO d 

C,8HtgNO e 

C14H19NO 

C18HIgNO 

53,7 5,3 53,8 

30,0 8,5 80,0 

?7,5 8,9 

31,2 7,3 81,5 

8,7 77,2 77,4 

81,8 7,4 81,5 

5,3 67 

8,3 62 

7,2 65 

8,8 68 

7,2 81 

aIn 80% e t h a n o l .  
b p i c r a t e ,  m p  163-164 ~ ( f rom a l coho l ) .  Found  %: N 10.7.  

C19H21NO 2 �9 C6H3N30 7. C a l c u l a t e d  %: N 10.7 .  
CInf lec t ion .  

d p i c r a t e ,  m p  136-137" ( f rom a l coho l ) .  Found  %: N 12.7.  
CI4HI9NO �9 C6HaNaO 7. C a l c u l a t e d  %: N 12.6.  
e p i c r a t e ,  m p  105-107  ~ Found  %: N 11.7.  C18HtgNO �9 C6H3N30 7. 
C a l c u l a t e d  %: N 11.3.  

The  h y d r o l y s i s  of the a - a l k y l - a - a c y l b u t y r o l a c t o n e s  by  r e f l u x i n g  in  5% h y d r o c h l o r i c  a c id  shou ld  have  
g iven  the c o r r e s p o n d i n g  y - h y d r o x y  k e t o n e s  (VIIIa-d) .  H o w e v e r ,  the  l a t t e r  cou ld  not be  i s o l a t e d  as pu re  c o m -  
pounds  wi th  s h a r p  bo i l ing  p o i n t s .  The  d a t a  of e l e m e n t a r y  a n a l y s i s  d e m o n s t r a t e d  tha t  the  p e r c e n t a g e  of c a r -  
bon and h y d r o g e n  for  the y - h y d r o x y  ke tones  w e r e  too  h igh  as  c o m p a r e d  wi th  the  c a l c u l a t e d  v a l u e s .  T h e i r  
P M R  s p e c t r a  in CC14 i n d i c a t e  a m i x t u r e  of at  l e a s t  two c o m p o u n d s ,  which  does  not  m a k e  i t  p o s s i b l e  to  m a k e  
a c l e a r  a s s i g n m e n t  of the  p r o t o n  s i g n a l s .  The  d i f f i c u l t i e s  a r i s i n g  du r ing  the  m a s s - s p e c t r a l  i n v e s t i g a t i o n  of 
h y d r o l y s i s  p r o d u c t s  V I I I a - d  (poor  r e p r o d u c i b i l i t y  of the  s p e c t r a  and the a b s e n c e  of a m o l e c u l a r  ion) a l so  
m a d e  i t  i m p o s s i b l e  to  a s c e r t a i n  t h e i r  c o m p o s i t i o n s .  

At  the  s a m e  t i m e ,  g a s - l i q u i d  c h r o m a t o g r a p h y  c h a r a c t e r i z e s  t h e m  as pu re  c o m p o u n d s  - d i h y d r o f u r a n  
d e r i v a t i v e s  (X). Th i s  a s s e r t i o n  i s  b a s e d  on the  fac t  tha t  y - a c e t y l p r o p a n o l  and i t s  d e h y d r a t i o n  p r o d u c t  - 
2 - m e t h y l - 4 , 5 - d i h y d r o f u r a n  (X, R = CH3, R '  = H) - h a v e  the  s a m e  r e t e n t i o n  t i m e ,  whi le  the  r e t e n t i o n  t i m e s  
of o t h e r  y - h y d r o x y  k e t o n e s  (except  a r y l - s u b s t i t u t e d  ones)  a r e  of the  s a m e  o r d e r  of m a g n i t u d e  (see  T a b l e  27. 

The  IR s p e c t r a  of the  y - h y d r o x y  k e t o n e s  con t a ined  an a b s o r p t i o n  band at  1710 cm -1 c o r r e s p o n d i n g  to 
the v a l e n c e  v i b r a t i o n  of the  c a r b o n y l  g r o u p  wi th  an i n t e n s i t y  s o m e w h a t  l o w e r  than  the  l i t e r a t u r e  v a l u e s  [5] 
(for ? , - a c e t y l p r o p a n o l  the  i n t e g r a l  i n t e n s i t y  of the  c a r b o n y l  band  i s  A = 5.8 �9 103 l i t e r / m o l e - c m  2, wh i l e  A = 
5.2 �9 10 a l i t e r / m o l e - c m  2 fo r  3 - m e t h y l p e n t a n - 4 - o n - l - o l ) .  

T h e s e  a n o m a l i e s  in the  b e h a v i o r  of y - h y d r o x y  ke tone s  tha t  have  an a - m e t h y l i d y n e  g r o u p  can  be e x -  
p l a i n e d  as  f o l l o w s .  The  s u b s t a n c e  ob t a ined  by  the h y d r o l y s i s  of ~ - a l k y l - a - a c y l b u t y r o l a c t o n e  with  s u b s e -  
quent  d i s t i l l a t i o n  i s  in a l l  l i k e l i h o o d  a m i x t u r e  of y - h y d r o x y  ke tone  (VIIIa-d) ,  i t s  h e m i a c e t a l  (XI) ( the re  a r e  
i n d i c a t i o n s  tha t  7 - a c e t y l p r o p a n o l  i s  an a l l e l o t r o p i c  m i x t u r e  of the  open and h e m i a c e t a l  f o r m s  wi th  p r e -  
d o m i n a n c e  of the  f o r m e r  [6, 7] ), and d e h y d r a t i o n  p r o d u c t s .  The l a t t e r  i nc lude  d i h y d r o f u r a n  X and p o s s i b l y  the  
l a b i l e  p r o d u c t  of the  a d d i t i o n  of  the  y - h y d r o x y  ke tone  to  the  d i h y d r o f u r a n  (XII). 

The  p r e s e n c e  of d e h y d r a t i o n  p r o d u c t s  m a y  e x p l a i n  the  e l e v a t e d  r e s u l t s  of e l e m e n t a r y  a n a l y s i s .  The  
a s s u m p t i o n  of the  l a b i l i t y  of XII  fo l lows  f r o m  the  r e s u l t s  of the  d e t e r m i n a t i o n  of the m o l e c u l a r  weight  of 3 -  

731 



RCOCHR'CH2CH20~" ~ '  
HO R 

X XI Xll 

methy lpen tan -4 -on - l -o l  by isothermal  distillation in CCI~. The molecular  weight thus obtained indicates 
the presence  in solution of only monomers  (the hydroxy ketone and, probably, 2 ,3-d imethyl -4 ,5-d ihydro-  
furan). 

It should be noted that the possibil i ty of in terconvers ions  between these forms as a result  of the in te r -  
action of var ious factors  ( temperature,  solvent) as well as the predominance of any one of them as a func- 
tion of the substituent are  not excluded. 

Never theless ,  this mixture does successful ly  react  with arylhydrazine hydrochlor ides  to give c o m -  
pounds with the th ree - r inged  s t ructural  base of physovenine (Table 3), since all forms react  in the same 
way in this react ion.  (See [8] for  the react ion of arylhydrazine salts with dihydropyrans.)  

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

The degree of puri ty of the compounds was monitored on a loose layer  of activity II aluminum oxide 
(layer thickness 0.6-0.7 ram) in b e n z e n e - i s o p r o p y l  aclohol (9 : 1) and in chloroform.  The chromatograms  
were developed with iodine vapors .  Paper  chromatography was ca r r i ed  out on acetylated paper using ch lo ro-  
form as the s ta t ionary phase and 80% ethanol as the mobile phase [2,3]. The chromatograms  were de-  
veloped with an alcohol solution of ninhydrin with p r io r  s torage of the chromatograms  in a chamber  filled 
with iodine vapors .  

The UV spect ra  of ethanol solutions were recorded with an EPS-3T spec t romete r .  The IR spect ra  in 
thin l ayers  or  potassium bromide pellets of the lactones and ~-hydroxy  ketones were recorded  with a 
Jasco- IRS spec t romete r  with an NaC1 pr i sm.  

~-Butyrylbutyrolac tone (V). With s t i r r ing ,  118 g (1.02 mole) of ethyl butyrate and 23.8 g (1.03 g-atom) 
of sodium in small  portions were added in the course  of 7 h to 86 g (1 mole) of butyrolactone at 105-115~ 
after  this, another 35.5 g (0.303 mole) of ethyl butyrate was added. The react ion mass  was then held at the 
same tempera ture  for I h, cooled to 75 ~ and t rea ted  with 150 ml of 50% acetic acid. The organic layer  was 
washed with 270 ml  of sa turated sodium chloride solution, and the aqueous phase was extracted with ether.  
The ether  ext rac t  was combined with the organic layer ,  washed with 50 ml of 5% sodium bicarbonate and 35 
ml of water,  and dried with magnesium sulfate. The residue after  removal  of the e ther  by distil lation was 
vacuum distilled to give 57.5 g (37~c) of a -butyry lbutyro lac tone  with bp 103-105 ~ (0.5 ram), d~ ~ 1.1233, and 
n~ 1.4594. Found%: C 61.6; H 7.9. CsHt203. Calcula ted%: C 61.5; H 7.7. UV spect rum:  ~max 256 um 
(log~ 2.98). IR spect rum:  vC_-- O 1726, 1770 cm -1. 

a -Phenylace ty lbutyro lac tone  (VI). This was obtained in 66% yield under s imi lar  conditions from 
butyrolactone and ethyl phenylacetate and had bp 170-180 ~ (2,5 ram) and mp 42-43.5 ~ (benzene-hexane) .  
Found%: C 70.7; H 6.0. C12Ht203. Calculated~c: C 70.6; H 5.9. UV spectrum,  ~max,  nm (log~): 258 
(3.38), 254 (3.36) (inflection), 263 (3.34). IR spect rum:  v C ~---O 1720, 1758 cm -1. 

a -A lky l - a - acy lbu ty ro l ac tones  (VIIa-d). A total of 0.3 mole of a -acylbutyro lac tone  was added with 
s t i r r ing  to a solution of 6.9 g (0.3 g-atom) of sodium in 75 ml of absolute alcohol. After  30 rain, 60 ml of 
dimethyl sulfoxide was added, and the alcohol was removed by vacuum distillation. A total of 0.45 mole of 
alkyl halide was added slowly with s t i r r ing  to the result ing solution (the react ion was s t rongly exothermic),  
and the react ion m a s s  was heated at 50 ~ for  1 h, after which 300 ml of absolute benzene was added and the 
mixture was fi l tered.  The precipi tate  on the fil ter was washed thoroughly with absolute benzene, dissolved 
in 90 ml of water ,  and extracted with benzene.  All of the benzene fractions were combined, the benzene was 
evaporated,  and the residue was vacuum distilled. 

Hydrolysis  of a -A lky l - a - acy lbu ty ro l ac tones  VIIa-d.  A mixture of 0.15 mole of lactone VII and 200 ml 
of 5% hydrochlor ic  acid was refluxed for 5 h, cooled, and saturated with solid potassium carbonate.  The mix-  
ture was extracted with ether ,  and the ether  extract  was dried with magnesium sulfate. The ether  was r e -  
moved by distillation, and the residue was vacuum distilled. 

2 ,3,3a,8a-Tetrahydrofuro[2,3-b]indole Derivat ives (I-III, IXa-d). A mixture of 0.05 mole of the a ry l -  
hydrazine hydrochlor ide and 0.05 mole of the 9/-hydroxy ketone was refluxed in 100 ml of isopropyl alcohol 
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for  5 h. The alcohol was dis t i l led f rom the reac t ion  m a s s ,  and the res idue  was t r ea t ed  with 50 ml  of water  
and ex t rac ted  with benzene.  The benzene ex t rac t  was evapora ted ,  and the res idua l  viscous oil was vacuum 
dist i l led and r e c r y s t a l l i z e d  f rom hexane.  

1o 
2. 
3. 
4. 
5. 

6, 
7. 
8. 

L I T E R A T U R E  C I T E D  

I .  I .  Grandberg  and S. N. Dashkevich,  Izv.  Se ' l skokhoz.  Akad. im.  T i m i r y a z e v a ,  1, 189 (1971). 
I .  I .  Grandberg  and S. N. Dashkevich,  Khim. Getero ts ik l .  Soedin., 1631 (1970). 
I .  I .  Grandberg  and S. N. Dashkevich,  Khim.  Gete ro t s ik l .  Soedin., 342 {1971). 
R. B. Longmore  and B. Robinson, Coll . ,  32, 2148 (1967). 
J .  Brand and G. Eglinton, Application of Spec t roscopy in Organic  C h e m i s t r y  [Russian t rans la t ion] ,  
Mir ,  Moscow (1967), p. 128. 
N. V. Kuznetsov and R. A. Myrs ina ,  Ukr .  Khim. Zh., 35, 530 {1969). 
I .  S. Trubnikov and Yu. A. Pentin,  Zh. Obshch. Khim.,  32, 3590 (1962). 
I .  I .  Grandberg  and T.  P .  Moskvina,  Khim. Gete ro t s ik l .  Soedin., 942 (1970). 

733 


