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XLVII.* SYNTHESIS OF 2,3,3a,8a-TETRAHYDROFURO[2,3-b]INDOLE DERIVATIVES 

I .  I .  G r a n d b e r g  a n d  G. T o k m a k o v  UDC 547.722.3.754.07 

A method is proposed for the synthesis o[ 2 ,3,3a,8a-tetrahydrofuro[2,3-b]indole derivat ives;  
the method is based on the react ion of 3 - a lky l -3 -acy l -y -bu ty re l ac t enes  with Nt-substi tuted 
ary lhydraz ines  in acidic aqueous alcohol media. 

2 ,3,3a,Sa-Tetrahydrofuro[2,3-b]indoles  (IX) are s t ructura l  analogs of the alkaloid physovenine. We 
have previously repor ted  the synthesis  of such sys tems  based on the react ion of a ry lhydraz ines  with c~-alkyl- 
y -hydroxy ketenes [2]. The lat ter  were obtained by hydrolys is  and decarboxylation of the corresponding 3-  
a lky l -3 -acy l -  y-butyro lac tones  [2]. 

In the present  r e s e a r c h  we investigated the possibil i ty of the synthesis  of 2 ,3 ,3a,8a- te trahydrefuro[2,  
3-b]indoles using direct ly  3 -a lky l -3 -acy l -y -bu ty ro lac tones  (II) as the carbonyl  compounds, thereby bypass-  
ing the step involving the preparat ion f rom them of ~ -a lky l -y -hydrexyca rbony l  compounds, in analogy with 
our preceding communicat ions  [3, 4]. By ca r ry ing  out the react ion of lactones II with Nl-substi tuted a r y l -  
hydrazines  (I) by refluxing them in isopropyl alcohol-aqueous hydrochlor ic  acid, we obtained a number of 
te t rahydrofuroindole s (IXa-e). 

The following react ion scheme is assumed:  
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Ila R'=R"=CHz; b R'=CH~, R"=CH2CaHs; c R'=H, R"=CH3; Ill--IX a RACH~C6Hs, 
1~' D" C~. =~', = ~13, b R=R"=CH2C6Hs, R =CH~; e R=R"=CH3, R'=H; d R=i-C3HT, R'=H, 

R"=CH3; e R=C6Hs, R'=H, R"=CH3; f R=CH~C6H~, R'=H, R"=CH~ 

*See [1] for communicat ion XLVI. 
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Fig.  1. PMR s p e c t r u m  of 3a -  
m e t h y l - 8 - i s o p r o p y l - 2 , 3 , 3 a , 8 a -  
te t r ahydrofu ro  [2,3 -b] indole .  

A hydrazone ,  the lactone r ing of which is  hydro lyzed  under  
ac id ic  condi t ions  (III) and deca rboxy la t ed  to give the hydrazone  of 

- a l k y l - 7 - h y d r o x y c a r b o n y l  compound IV, which is  in equ i l ib r ium 
with i ts  t au tomer ic  fo rm (V)~ is ev ident ly  formed in the f i r s t  s teps .  
Tau tomer i c  form V, as  a consequence  of a s igmat rop ic  [3, 3] shift  
[5] is  conver ted  to d i imine  VI, which is s t ab i l i zed  by a r om a t i za t i on  
to subs t i tu ted  ani l ine VII. Anil ine VII undergoes  i n t r a m o l e c u l a r  
addit ion to the C =N bond to give aminoindol ine  VIII, which e j ec t s  
ammonic  and undergoes  cyc l i za t ion  to a t h r e e - r i n g  t e t r a h y d r o f u r o -  
indole s y s t e m  (IX). 

In o r d e r  to obtain t e t r ahydro fu ro [2 ,3 -b ] indo le s  without sub-  
s t i tuents  in the 8a pos i t ion  and s i m i l a r  to na tu ra l  physovenine,  it  
was n e c e s s a r y  to obtain 3 - a l k y l - 3 - f o r m y l - ^ / - b u t y r o l a c t o n e  in DMSO 
with methyl  iodide. The sodium sa l t  of 3 - fo rmyl -~ / -bu ty ro lac tone  
was in turn obtained by acyla t ion  of butyrolac tone  with ethyl  fo rma te  
by means  of the Claisen r eac t ion .  I t  should be noted that the a - m e t h y l  

- 7 -hyd roxybu ty ra ldehyde  (IV) n e c e s s a r y  for  the p r e p a r a t i o n  of 8a -unsubs t i tu ted  furoindoles  as  in the method 
in [2] cannot be obtained by h y d r o l y s i s  and deca rboxy la t ion  of lactone IIc. We obtained these compounds by 
subjec t ing  lactone IIIc d i r e c t l y  to the a b o v e - d e s c r i b e d  reac t ion  (without p r i o r  p r e p a r a t i o n  of the hydroxy 
aldehyde).  

The PIVIR s p e c t r u m  of lactone C conta ins  a s inglet  of p ro tons  of a methyl  group with a chemica l  shift  
of 1.40 ppm. The two nonequivalent  H A and H B pro tons  have chemica l  shif ts  of 2.01 and 2.73 ppm, r e s p e c -  
t ive ly ,  and, by coupl ing with one ano ther  and with the 7 protons ,  give s igna l s  in the form of two mul t ip le t s ,  

each with gemina l  coupling constant  JHAHB = 13 Hz and with v ic ina l  coupl ing cons tan t s  JHAH. Y = 7.5 Hz and 

and JHBH7 = 6.5 Hz. The "y-methylene p ro tons  give a s ignal  at 4.17 ppm in the form of two supe r imposed  

doublets .  A s ingle t  of the pro ton  of an aldehyde group at 9.20 ppm is o b s e r v e d  at weak field.  In the case  of 
the s p e c t r u m  of f luoroindole  IXd, it is  seen in the PMR s p e c t r a  of furoindoles  IXa- f  (Fig. 1) that a s ignal  of 
p ro tons  of methyl  groups  of an i sopropy l  group is obse rved  at s t rong  f ie ld in the form of two double ts  (1.27 
and 1.30 ppm). The methyl  g roups  a r e  apparen t ly  nonequivalent  as  a consequence of hindrance to ro ta t ion .  
The 3a-CH 3 group g ives  a s ing le t  with a chemica l  shift  of 1.38 ppm. The mul t ip le t  at 1.85-2.11 ppm belongs  
to the p ro tons  of the 3-CH 2 group. The s ignals  of the pro tons  of the 2-CH 2 group and the methyl idyne p r o -  
ton of the i sopropyl  group a re  ove r l apped  and give a complex  mul t ip le t  at 3.19-4.00 ppm. The 8a-H signal  
a p p e a r s  at  5.18 ppm as a s ingle t .  A mul t ip le t  of a r o m a t i c  p ro tons  l i e s  at 6.17-7.07 ppm. 

The methylene  pro tons  of the benzyl  g roups  in furoindole IXb a re  nonequivalent  because  of h indrance  
to ro ta t ion .  This  methylene  group a p p e a r s  in the PMR spec t rum as two doublets  (see the E x p e r i m e n t a l  s e c -  
tion). 

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

The UV s p e c t r a  of i sop ropy l  a lcohol  solut ions  of the compounds were  r e c o r d e d  with a Hitachi  EPS-3T  
spec t ropho tome te r .  The IR s p e c t r a  of CC14 solut ions  were  r e c o r d e d  with a J a s c o - I R - S  s p e c t r o m e t e r .  The 
PMR s p e c t r a  of CC14 solut ions were  r e c o r d e d  with Var ian  T-60 o r  JEOL C-60HL s p e c t r o m e t e r s  with hexa -  
methy ld i s i loxane  (HMDS) as  the in te rna l  s t andard .  The physovenine s y s t e m s  were  ch roma tog raphed  in a 
thin l a y e r  of ac t iv i ty  II AlzO 3 in h e x a n e - e t h e r  (10 : 1). The c h r o m a t o g r a m s  were  developed with iodine 
vapors .  

The 1 - b e n z y l - l - p h e n y l - ,  1 - m e t h y l - l - p h e n y l - ,  and 1 ,1-d iphenylhydraz ine  sa l t s  u sed  in th is  r e s e a r c h  
were  c o m m e r c i a l  p r e p a r a t i o n s .  1 - I s o p r o p y l - l - p h e n y l - h y d r a z i n e  hydroch lo r ide  was obtained by the method 
in [6]. 3 - M e t h y l -  and 3 - b e n z y l - 3 - a c e t y l - ~ / - b u t y r o l a c t o n e s  were  obtained by the method in [2]. 

3 -Me thy l -3 - fo rmy l -~ / -bu ty ro l ac tone  (IIc). A 24-g (1.05 g -a tom)  sample  of sodium was pu lve r i zed  in 
hot xylene ,  a f te r  which the mix ture  was cooled,  the xylene was decanted,  400 ml  of absolute  e the r  and 400 
ml  of absolute  ethanol were  added to the sodium, and the mix ture  was s t i r r e d  for 4 h. Another  200 ml  of 
absolute  e the r  was then added to the suspens ion  of sodium, and a solution of 86 g (1 mole) of ~ / -butyro lac-  
tone and 82 g (1.1 mole) of e thyl  formate  ( f rac t ionated  over  P~Os) in 300 ml  of absolute  e the r  was added 
d ropwise  s lowly with s t i r r i n g  in the cour se  of 3 h. The mix ture  was  then s t i r r e d  until  the sodium had d i s -  
solved comple te ly ,  and the solut ion was a l lowed to stand overnight .  The resu l t ing  p r ec ip i t a t e  was r emoved  
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by filtration, washed on the fil ter with absolute ether,  and dried in a des icca tor  over  KOH to give 133 g of 
the crude sodium salt of 3 - formyl -7-bu tyro lac tone .  The salt was pulverized,  dried additionally, and dis-  
solved in 350 ml of absolute DMSO in a 2- l i te r  flask equipped with a powerful s t i r r e r .  A 215-g (1.5 mole) 
sample of methyl iodide was added dropwise with s t i r r ing  to the solution (the react ion was exothermic) ,  
and the thickened react ion mass  was heated on a water  bath at 50* for 1 h. Benzene (1 l i ter  was then added, 
and the mixture was filtered. The precipitate on the fil ter was washed thoroughly with benzene, dissolved 
in the minimum amount of water,  and additionally extracted with benzene. All of the benzene fract ions were 
combined, the benzene was evaporated,  and the residue was vacuum distilled with a large fractionating 
column. The fraction boiling at 75-85 ~ (2 ram), which was redisti l led,  was collected to give 25 g (20 %) of 
pure 3 -methy l -3 - fo rmyl -7 -bu ty ro lac tone  with bp 76.5-77.5* (2 mm), nD 2~ 1.4567, d42~ 1.1610, Rfa 0.27 [ac- 
tivity II A1203, benzene - i sop ropy l  alcohol (24 : 1)], and l=tf~ 0.58 [Silufol UV-254, b e n z e n e - i s o p r o p y l  alcohol 
(6 : 1)l. UV spectrum: ~max 222, 288 nm (log e 2.28, 1.52). IR spectrum: 1778 (lactone C =O and 1733 
cm -1 (aldehyde C =O). Found: C 56.1; H 6.3 %. C6H80~. Calculated: C 56.2, H 6.3 %. The 2,4-dini t rophe-  
nylhydrazone had mp 169.5 ~ (from alcohol). Found: C 46.7; H 3.9; N 18.8 ~c- C12H12N406. Calculated: C 
46.8; H 3.9; N 18.2%. 

General  Method for the Prepara t ion  of 2 ,3 ,3a ,Sa-Tetrahydrofuro[2,3-b]- indoles  (lXa-f). A solution of 
0.04 mole of lactone II and 0.04 mole of Nl-substi tuted phenylhydrazine salt in a mixture of 65 ml of iso-  
propyl alcohol, 40 ml of water ,  and 5 ml of concentrated hydrochlor ic  acid was refluxed for 6 h, af ter  which 
the solvent was vacuum evaporated, and 70 ml of benzene and 70 ml of water  were added to the residue.  The 
benzene layer  was separated,  washed severa l  t imes with water ,  and dried with MgSO 4. The benzene was 
evaporated,  and the residue was vacuum distilled o r  recrys ta l l i zed .  The crude product can be subjected to 
additional purification by preparat ive chromatography in a thin layer  of activity II A1203; 0.20-0.25 g of the 
substance was purified with h e x a n e - e t h e r  (10 : 1) on an 18 • 24 -empla te  with a layer  thickness of 2 ram. 
The edge of the ch romatogram was developed with iodine vapors ,  and the product was washed out with ben- 
zene. 

3a,8a-Dimethyl-8-benzyl-2,3,3a,8a-tetrahydrofuro[2,3-b]indole (lXa). This compound with mp 32- 
33", bp 152-154 ~ (1 ram), and Rf  0.47 [4], was obtained in 48% yield* from lactone IIa and 1 -benzy l - l -pheny l -  
hydrazine hydrochloride.  

3a,8-Dibenzyl-8a-methyl-2,3,3a,8a-t~trahydrofuroi2,3-b]indole (lXb). This compound, with mp 103- 
104 ~ (from hexane) and Rf  0.31, was obtained in 46% yield from lactone IIb and 1-benzyl - l -phenylhydraz ine  
hydrochloride.  UV spectrum: hmax 250 and 300 nm (log e 3.97 and 3.38). PMR spectrum,~ 5, ppm: 1.48 s 
(8a-CHa) , 1.90-2.35 m (3-CHz), 2.75 d and 3.09 d (J = 13 Hz, 3a-CH2), 3.09-3.91 m (2-CHz), 4.11 d and 4.67d 
(J = 18 Hz, 8-CH2), and 6.05-7.30 m (aromatic protons).  Found: C 84.7; H 7.1%. CzsH25NO. Calculated: 
C 84.5; H 7.1%. 

3a,8-Dimethyl-2,3,3a,8a-tetrahydrofuro[2,3-b]indole (IXc). This compound, with bp 80-86* (1 mm) 
and Rf  0.45, was obtained in 22 % yield f rom lactone IIc and 1-methy l - l -phenylhydraz ine  hydrosulfate.  UV 
spectrum: ),max 250,303 nm (log e 4.04, 3.46). PMiR spectrum, 5, ppm: 1.41 s (3a-CI-I3), 1.83-2.10 m (3- 
CH2), 2.84 s (8-CH3), 3.13-3.97 m (2-CH2), 4.90 s (8a-H), and 6.10-7.05 m (aromatic protons). Found: C 
76.2; H 8.2 %. C12Hl~NO. Calculated: C 76.2; H 8.0%. 

3a-Methyl -8- isopropyl -2 ,3 ,3  a ,8a-tetrahydrofuro[2,3-b]indole (IXd). This compound, wi th  mp 20" and 
Rf  0.60, was obtained in 45 % yield from lactone IIc and 1 - i sopropy l - l -pheny lhydraz ine  hydrochloride.  UV 
spectrum: 2~ma x 253, 306 am (loga 4.17, 3.56). Found: C 77.5; H 8.8%. C14H18NO. Calculated: C 77.5; 
H 8.8%. 

3a-Methyl-8-phenyl-2,3,3a,8a-tetrahydrofuro[2,3-b]indole (lXe). This compound, with bp 150-160" 
(1 mm) and Rf 0.54, was obtained in 46 % yield from lactone IIc and 1,1-diphenylhydrazine hydrochloride.  
UV spectrum: hma x 240 tnf, 278,311 inf nm (loge 3.53, 4.24, and 3.64). PMR spectrum, 5, ppm: 1.48 s 
(3a-CHa), 1.93-2.20 m (3-CH2), 3.27-4.07 m (2-CH2), 5.23 s (Sa-H), and 6.53-6.71 m (aromatic protons).  
Found: C 81.7; H 7.0 %. CnH17NO. Calculated: C 81.2, H 6.8 %. 

3a-Methyl-8-benzyl-2,3,3a,8a-tetrahydrofuro[2,3-b]indole (IXf). This compound, with mp 26.5-27.5", 
bp 168-173 ~ (2 ram), and Rf  0.39, was obtained in 42% yield from lactone IIc and 1 -benzy l - l -pheny lhydra -  

* t iere and subsequently, the yields are indicated for the product obtained after  distillation. The spectra l  
cha rac t e r i s t i c s  are given for substances purified by chromatography.  

The following abbreviat ions are used here  and subsequently: s is singlet, d is doublet, t is  tr iplet ,  and m 
is multiplet. 
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zine hydrochlor ide.  UV spect rum:  ~max 251,303 nm (log e 4.09, 3.46). PMR spectrum, 5, ppm: 1.38 s 
(3a-CH3), 1.82-2.08 m (3-CH2), 3.18-3.92 m (2-CH2), 4.30 s (8-CH2), 4.90 s (Sa-H), and 5.93-7.00 m (aro-  
matic protons).  Found: C 82.0; H 7.2%. C18H19NO. Calculated: C 81.5; H 7.2~c. 
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