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XVI * SYNTHESIS OF STRUCTURAL ANALOGS OF PHYSOVENINE 

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 547.722.3.07.547.754.07 

Derivatives of 2,3,3a,Sa-tetrahydro-3a,8a-dimethylfuro[2,3-c]indole were synthesized by the 
reaction of arylhydrazine salts with 3-methylpentan-4-on-l-ol  on heating the components in 
dimethylformamide. 

In a continuation of our previously published studies [1] associated with the synthesis of dinordeoxy- 
9-methyleseroline we have developed a new method for the preparation of compounds that constitute the 
base of the alkaloid physovenine [2] (I), viz., 2,3,3a,Sa-tetrahydro-3a,Sa-dimethylfuro[2,3-b]indole and its 
derivatives (II-VII). 
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The previously described [2] synthesis of physovenine (I) consisted of the reduction with sodium in 
alcohol of 3- (fl-hydroxyethyl)- 5- methoxyl-1,3- dimethylhydroxyindole to 2,3,3a, 8a-tetrahydro- 5- methoxy- 3a, 
8a-dimethylfuro[2,3-b]indole with subsequent t reatment with anhydrous A1C13 and methyl isocyanate, r e -  
spectively. Nakazaki [3] reported an example of the synthesis of II by the reaction of the magnesium deriv- 
ative of 2-methyltryptophol with methyl iodide, but this method is complicated and gives low yields (of the 
order  of 17%). 

A modified variant [4] of the well-known Fischer  reaction - the reaction of arylhydrazine salts with 
carbonyl compounds in neutral media - is the basis for the method proposed by us. 3-Methylpentan-4-on-- 
1-ol is used as the carbonyl compound. The reaction proceeds via the following scheme: 
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Our method makes its possible to obtain H-VII in 60-80~ yields by heating the components in dimethyl- 
formamide. 

*See [9] for Communication XV. 
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The UV spec t ra  of II-VH, which have the same ch a rac t e r  as the spec t ra  of compounds of the VIII 
type [1] and the spec t rum [5] of I, were  obtained as evidence for  thei r  s t ruc tu res .  

~ H 3 

R 

VIIICH3 

In addition, the data f r om the PMR spec t rum of II completely cor respond  to the data f r o m  the spec-  
t rum of physovenine [5] and conf i rm the proposed s t ruc tu re  by unambiguous ass ignment  of the proton sig-  
nals as follows*: singlets at 1.22 ppm (3a-CH3, th ree  protons),  1.35 ppm (Sa-CH3) , th ree  protons),  and 
4.83 ppm (NH, one proton);  mult iplets  at  1.9-2 ppm (fl-CH 2, two protons),  3.1-3.8 ppm (~-CH2, two pro-  
tons), and 6ol-6.9 ppm (four a romat ic  protons).  The multiplici ty of the proton signals of the a -  and fl- 
methylene groups can be explained by the spin-spin coupling of all four nonequivalent protons which make 
up an ABXY sys tem.  The nonequivalency of the protons is due to the r igid cis fusion of the pyrro l id ine  and 
t e t rahydrofuran  r ings.  

All of the compounds obtained were cha rac t e r i zed  by means of p ic ra tes  and R f  values  f rom ch roma-  
tography on both aluminum oxide and acetyla ted paper .  

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

The degree  of puri ty of the final compounds was monitored by chromatography on a loose layer  of a 
act ivi ty II a luminum oxide (thin layer  of 0.6-0.7 ram) in a b e n z e n e - i s o p r o p y l  alcohol (9:1)  sys tem (Rfl) 
or  in ch lo ro fo rm (Rf2). The ch roma tog rams  were  developed with iodine vapors .  

Attempts to c a r r y  out paper  chromatography were  successful  only when ace ty la ted  paper  was used 
with ch lo ro fo rm as the s ta t ionary phase and 80% ethanol as the mobile phase [6] (R~). The ch roma tog rams  
were  developed with alcoholic ninhydrin with p re l iminary  s torage  in a cabinet with iodine vapors .  

3 -Methy lpen tan -4 -on- l -oL  This was obtained by refluxing ~-methyl -oz-ace ty lbutyro lac tone  [1] with 
5% hydrochlor ic  acid under  the conditions indicated in [7]. The product  was obtained in 70 % yield and had 
bp 55-58 deg (1 mm), d420 0.9825, and nD 2~ 1.4417. 

Arylhydraz ines .  These  were obtained by reduct ion of the corresponding diazonium compounds [8] 
with stannous chlor ide.  

2 ,3 ,3a ,Sa-Tet rahydro-3a ,Sa-dimethyl furo[2 ,3-b] indole  (II). 3 -Methy lpen tan -4 -on- l -o l  [5.8 g (0.05 
mole)] was added to a solution of 7.23 g (0.05 mole) of phenylhydrazine hydrochlor ide  in 50 ml of dimethyl-  
fo rmamide ,  and the react ion mixture  was heated at  50 deg for  30 min, on a boiling water  bath for  30 min, 
and finally ref luxed for 30 min. Dimethyl formamide  was vacuum dist i l led f ro m  the reac t ion  mass ,  50 ml 
of water  was added to the res idue ,  and the mixture  was ext rac ted  with benzene.  The benzene ex t rac t  was 
evaporated,  and the res idue  was vacuum disti l led to give 7.2 g (76.2%) of 2 ,3 ,3a ,Sa- te t rahydro-3a ,8a-d ime-  
thylfuro[2,3,-b]indole with bp 108-110 deg (0.5 mm) in the fo rm of a yel lowish oil;  the oil began to c ry s t a l -  
l ize  on standing to give a product  with mp 46.6-47.5 deg (from hexane).  Found %: C 76.09, 76.32; H 7.88; 
8.00. C12H15NO. Calc. %: C 76.15; H 7.99. UV spec t rum,  t hmax, nm (log e): 216 (4.02), 223 (3~ 243 
(3o78). Chromatography:  Rfl 0.62, R~f2 0.16, Rf3 0.61. The p icra te  had mp 137.5-138.5 deg (from alcohol).  
Found ~: N 13.22, 13.48. Ct2H15NO.C6H3N307. Calc. % N 13.39. 

2 ,3 ,3a ,8a-Tet rahydro-3a ,5 ,8a- t r imethyl furo[2 ,3-6] indole  (HI). This  was obtained under s imi la r  con- 
ditions f r om 7.93 g (0.05 mole) of p- to ly lhydraz ine  hydrochlor ide .  The product  [8 g (79%)] was a yel lowish 
oil with bp 142-145 deg (2 mm) which began to c rys ta l l i ze  on standing to give c rys t a l s  with mp 82-83.5 deg 
(from hexane).  Found %: C 77.00, 77.03; H 8.31, 8.44. C13HI~NO Calc. %: C 76.80; H 8~176 UV spec-  
t rum,  hmax, nm (log e): 220(4.09), 251 (3.75). Chromatography:  Rf10.60, Rf2 0.16, Rf3 0.67. The p icra te  
had mp 174.5-175 deg (from alcohol). Found %: N 13.24, 13.04. Ct3H~TNO. C6H3N3OT~07. Calc. %: N 12.96. 

*The spec t rum was obtained by Yu. A. Ustynyuk with a JNM-60 s p e c t r o m e t e r  (operating f requency 60 MHz) 
in carbon te t rach lor ide .  The ass ignments  a re  given in the 5 scale.  
~The UV spec t ra  in 80% ethanol were  obtained with an EPS-3T spec t rome te r .  
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2,3,3a,Sa-Tetrahydro-3a,7,Sa-trimethylfuro[2,3,-b]indole (IV). This compound [7.5 g (74.2%)] was 
obtained under similar conditions from 7.93 g (0.05 mole) of o-tolylhydrazine hydrochloride and was a yel- 
lowish oil with bp 120-122 deg (0.5 mm) that began to crystallize on standing to give a product with mp 93- 
94.5 deg (from hexane). Found %: C 76.80, 76.84; H 8.42, 8.36. C13HIyNO. Calc. ~0: C 76.80; H 8.43. 
UV spectrum, kmax, nm (log e): 221 (4.03), 228 (4.03), 228 (3.91), 244 (373). Chromatography: Rfl 0.59, 
Ri2 028, Ri3 0.51. 

2,3,3a,Sa-Tetrahydro-5-methoxy-3a,8a-dimethylfuro[2,3-b]indole (V). This compound [7.5 g (68.5%)] 
was obtained under similar conditions from 8.73 g (0.05 mole) of p-anisylhydrazine hydrochloride in the 
form of a yellowish oil with bp 148-150 deg (3 ram) that began to crystallize on standing to give a product 
with mp 55-56 deg (from hexane). Found %: C 70.98, 71.21; H 7.69, 7.70. C13H17NO 2. Calc %: C 71.20; 
H 7.81. UV spectrum: Xinf 217 nm (log e 4.10), )~max 272 (log)~ 3.88). Chromatography: Rfl 0o51, Rf~ 
0~ Rf3 0.79. The picrate had mp 162-162.5 deg (from alcohol). Found %: N 12.58, 12.72. ~ CI3HITNO2. 
CGH3N307. Cale. %: N 12.50. 

2,3,3a,Sa-Tetrahydro-7-methoxy-3a,8a-dimethylfuro[2,3,-b]indole (VI). This compound [8.5 g (77.5%)] 
was obtained under similar conditions from 8.73 g (0.05 mole) of o-anisylhydrazine hydrochloride in the form 
of a yellowish oil with bp 145-146 deg (1 ram) that began to crystallize on standing to give a product with mp 
68-70.5 deg (from hexane). Found %: C 71.25, 71.06; H 7.80, 7.73. C13HITNO 2. Calc. ~0: C 71.20; H 7.81. 
UV spectrum: kinf 224 nm (log e 3.92), kmax 231 nm (log e 3o86), 245 nm (log e 3.78), 293 nm (log e 3.40). 
Chromatography: Rfl 0.60, Rf2 0.20, Rfa 0.50. The picrate had mp 139.140.5 deg (from alcohol). Found %: 
N12.58, 12.82. CI~H17NO2.C~H3N30?. Calc. ~0: N 12.50. 

2,3,3a,8a-Tetrahydro-5-bromo-3a,8a-dimethylfuro[2,3-b]indole (VII). This compound [7.35 g (55%)] 
was obtained under similar conditions from 10.18 g (0.05 mole) of p-bromophenylhydrazine hydrochloride 
in the form of an oil with bp 163-168 deg (3 ram) that crystallized immediately to give a product with mp 
122-123.5 deg (from hexane). Found %: C 53.47, 53.71; H 5.12, 5.32. Ci2HI4NOBr. Calc. %: C 53.75; 
H 5.26. UV spectrum: )tin f 228 nm (log e 3.64), kma x 251 nm (log e 4.08), 308 nm (log e 3.30). Chromato- 
graphy: Rfl 0.61, Rfz 0~ Rfa 0.37. The picrate had mp 110-111.5 deg (from alcohol). Found %: N 10.98, 
11.12. C12H14NOBr.C6H3N3OT: Calc. %: N 11.27. 
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