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Preparation of pytrolidine derivatives by hydrogenating acid solutions 
of furan amines having the amino group at pOsition 3, is extended to 
furfuryl-substituted cyclic amines. By this means are synthesized po- 
lyeyclic systems hitherto undeseribed in the literature, containing a 
pyrroldine ring with hydroxyalkyl and other substituents. Among these 
are derivatives of cyclopentanopyrrolidine, octahydroindole, etc. 

P r e v i o u s l y  t h e r e  was r e p o r t e d  a new method  of syn -  
t h e s i z i n g  c , - p y r r o l i d y l a l k a n - a - o l s  by hyd rogena t i ng  
ac id  so lu t ions  of fu ran  a m i n e s  with the amino  group at 
the t h i rd  ca rbon  a tom f r o m  the r ing  in the a l ipha t i c  
s ide  chain  [1, 2, 3]. 

The p r e s e n t  p a p e r  is  c o n c e r n e d  with a f u r t h e r  in -  
v e s t i g a t i o n  of the s p h e r e  of app l i ca t ion  of th is  r eac t i on .  
With th is  in mind,  a n u m b e r  of p r i m a r y  and s e c o n d a r y  
f u r f u r y l - s u b s t i t u t e d  cyc l i c  a m i n e s  with an a p p r o p r i a t e l y  
l oca t ed  amino  group  w e r e  s u b m i t t e d  to hyd rogena t ion .  
The s u b j e c t s  of inves t iga t ion  w e r e  1 - ( a , - f u r f u r y l ) - 2 -  
a m i n o e y c l o p e n t a n e ,  1- ( a - f u r f u r y l ) - 2 - a m i n o t e t r a l i n ,  
1 - ( a - f u r f u r y l ) - 2 - a m i n o i n d a n e ,  and some  p r i m a r y  and 
s e c o n d a r y  f u r f u r y l e y c l o h e x y l a m i n e s .  E x p e r i m e n t s  
showed a l l  t he se  a m i n e s  to be h y d r o g e n a t e d  in ac id  s o -  
lution by a m e c h a n i s m  p r e v i o u s l y  pos tu l a t ed  [1] for  
fu ran  a m i n e s  with the amino  g roup  in an a l ipha t i c  s ide  
cha in .  The r e a c t i o n  p r o d u c t s  a r e  p o l y e y c l i c  a l c o h o l s  
of the e y c l o p e n t a n o p y r r o l i d i n e ,  oe t ahydro indo le ,  b e n z o -  
h e x a h y d r o i n d o l e ,  and i n d a n o p y r r o l i d i n e  s e r i e s .  

Equa t ions  for  the r e a c t i o n  a r e  given fo l lowing Tab le  
1. 

Since h y d r o l y t i c  sp l i t t i ng  of the fu ran  r ing  is  a c c o m -  
pan ied  by s t r a i g h t  hyd rogena t i on  of the double  bonds  
of the s a m e  r ing,  a m i n e s  con ta in ing  the t e t r a h y d r o -  
fu ran  r ing  and c o r r e s p o n d i n g  to the s t a r t i n g  compounds ,  
a r e  a l so  fo rmed .  Obvious ly ,  as  in c a s e s  p r e v i o u s l y  
c o n s i d e r e d  [1], the r e l a t i v e  y i e l d s  of the two p r o d u c t s  
depend  on the pos i t ion  and na tu r e  of the subs t i tuen t  at 
the G c a r b o n  a tom of the s ide  chain  of the fu ran  r ing .  
The r e s u l t s  of Tab le  1 show th is .  

It is  to be noted that  f r om among the p r o d u c t s  of 
hyd r ogena t i on  of 1 - ( 5 ' - m e t h y l - 2 ' - f u r f u r y l ) - 2 - a m i n o -  
e y c l o p e n t a n e  w e r e  i s o l a t e d  not only  the c o r r e s p o n d i n g  
t e t r a h y d r o f u r a n  amine ,  and c y c l o p e n t a n o p y r r o l i d y l  
a lcohol ,  but a l so  1 - ( l ' - a m i n o e y e l o p e n t y l - g ' ) h e x a n e - 2 ,  
5 - d i o l ,  p r o b a b l y  a r i s i n g  by hydrogena t ion  of the i n t e r -  
m e d i a t e  a m i n o d i c a r b o n y l  eompound  a r i s i n g  in the p r o -  
c e s s .  

Tab le  1 

Yie lds  of V a r i o u s  P r o d u c t s  when 
F u r f u r y l - S u b s t i t u t e d  Cyc iohe -  

x y l a m i n e s  a r e  Hydrogena ted  

R' 

I 

H H 
C~H5 , H 
CaH~ I H 

H CH~ 
CaH: I CHa 

Yield % 

Octahydro- 
indole alco-  

hol  

18 
42 
70 
24 
59 

Tetrahydro- 
furan amine 

62 
30 

42 

V R=tl 2tl+ 
vII R=CH 3 L , V ~  ' .~CH.--CH~--CH--OH 

H R 
XlX R=H 
XX R=CH~ 

cu-k 2 

! R~R'=H 
11 R~C:I|5, R'= H 2H~ ~ ' r - - ~  R 
III R=i-CaH+ R'=H 
IX R= tl, R'=CH 3 CH2--CH:--CH2OH 

~, Ill R=+i-%HT, R' =CH 3 R' 
XVI R=R =It 
XVII R=C:H ,R'=H 
XVlll R=i-C H,,R'~H 
XXIII R~H,R'~CHj 
XXIV R~i .C?l .  R'=(~Ha 

W 

2H2 ~ C H  --Clt:-CH:Olt 

H XXl 

+7--~,, 
.~oF?!= , - (~7~I  ~ "~ 

VI 

] 
r ico--oH,-CH,--  c o - c  tl, - ~ x - r  J . . . .  

" " .:~ A _ L _ ~  J 
2H:, 

~ r  --Ctl --CH Oft 
rl 

XXll 

* F o r  P a r t  I s ee  [1]. 

The  p r o d u c t s  ob ta ined  we re  v i s c o u s  l iquids ,  d i f f i -  
cul t  to s e p a r a t e  by vacuum d i s t i l l a t i o n .  Th i s  made  it 
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C o m -  
p o u n d  

XXXI 

XXXII 

XXXIII 

,XXXIV 

XXXV 

XXXVI* 

XXXVII* 

XXXVI I I 

XXXIX 

T a b l e  4 

N, O - D i a c e t y l  D e r i v a t i v e s  of Alcohols  of the C y c l o p e n t a n o p y r r o l i -  
dine and Oc tahydro indo le  and Other  S y s t e m s  

i 
Found, % Calculated, % 

Prepared from (pressure,BP' ~ n20 Formula I 
C H f N C H [ N 

XVI 181--182 (2) 1.4870 CIsH25NO3 67.37 9.28 5.09 167.371 

I 

67.18 9.83 5.00 [ 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

179--180 (2) 

212--214 (5) 

213--215 (2) 

170--172 (4) 

198--200 (1) 

239--242 (3) 

133--135 (5) 

133--134 (2) 

1.4951 

!1.4970 

!1.4860 

1.4830 

- -  I 

1.47651 

1.47831 

C,vH29NO3 

ClsH3zNOs 

C14H2aNOs 

C I s H 2 5 N O 3  

CIgH25NO3 

C~8H29NO3 

C14H25NO2 

CITH3INO2 

68.72 
68.71 

69.75 
69.60 

66.34 
66.74 

67.69 

75.13 
74.90 

72.14 
71.64 

70.64 
70.32 

72.02 
71.85 

10.18 
9.80 

10.54 
10AI 

9.15 
9.22 

9.45 

8.49 
8.63 

7.46 
7.91 

10.49 
10.83 

11.50 
11.37 

5.12 69.15[ 
4.70 1 

4.54 69.961 
4.44 

5.63 66.461 
5.48 

4.99 67.371 
4.92 
4.78 74 72 
4.79 
4.49 71.76 
4.62 
5.76 [70.24 
5.92 

4.86 72.30 
5.37 

9.431 5.24 

9.821 4.75 

10.111 4.53 

9.16/5.54 

9.43t 5.24 

8.42i 5.13 

7.641 4.65 

10.54f 5.86 

11.08[ 4.97 

*Glassy mass. 

C o m -  
p o u n d  

XXV* 

XXVI 

XXVI! 

XXVIII 

XXIX* 

XXX 

Pre -  
p a r e d  
from 

T a b l e  5 

N - A c e t y l  D e r i v a t i v e s  of T e t r a h y d r o f u r a n  Amines  

Found, % Calculated, % 
Bp, ~ (pressure, n~ 0 Formula 

X 

XI 

XII 

XIII 

XIV 

XV 

ram) 

171--175 (3,5) 

184 (6) 

191--192(4) 

187--188 (7) 

CI3H23NO2 

CIsH27NO2 

CI2H21NO2 

C13H23NO2 

N c 

196--200 (3) 

183--185 (6) 

1.4989 

1.4960 

1.4930 

Cj7tt23NO2 

t.4982 CI4H25NO2 

i 

59.02 
59.10 

71.27 
71.64 

67.92 
67.90 

68.97 

10.41 
10.28 

11.16 
10.84 

10.12 
9.99 

1 0 . 0 4  
68.82 10.00 

75.13 8.49 
74.90 8.63 

69.80 10.45 
69.81 10.73 

H [ N 
I 

5.97 69.24 10.21/ 6.27 
/ 

6.04 / 
5.755.54 71.21 10.76 5.54 

6.46 68.30 10.03 6.64 
6.58 L 
6.13 69.29 10.29 ', 621 
619 I 
4.781 74.72 / 8.42 5.13 
4.791 / 5.76 70.24 10.54 5.86 
5.72 

*Glassy mass. 
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d i f f i c u l t  to i s o l a t e  t h e m  p u r e  and c a u s e d  c o n s i d e r a b l e  

l o s s e s .  St i l l  it m a y  be m e n t i o n e d  tha t  c y e l i z a t i 0 n  to  

the  c o n d e n s e d  p y r r o l i d i n e  s y s t e m  take  p l a c e  b e s t  of 
al l  wi th  f u r f u r y l c y c l o h e x y i a m i n e s ,  and b e c o m e s  d i f f i -  
cu l t  wi th  b i e y e l i c  a m i n e s .  

S ihce  the  p r o b l e m  in the  p r e s e n t  r e s e a r c h  w a s  to  

i n v e s t i g a t e  the  s p h e r e  of a p p l i c a t i o n  of the  r e a c t i o n ,  

i. e . ,  to app ly  it to the  s y n t h e s i s  of p o l y c y e l i c  s y s t e m s ,  

no a t t e n t i o n  w a s  pa id  to s e p a r a t i n g  the  m i x t u r e s  of i s o -  

m e r s  o b t a i n e d  in a n u m b e r  of c a s e s ,  it b e i n g  i n t e n d e d  
to do t h i s  in the  f u t u r e .  

T a b l e s  2 - 5  g ive  p h y s i c a l  c o n s t a n t s  and a n a l y t i c a l  

d a t a  f o r  the  c o m p o u n d s  p r e p a r e d  and t h e i r  d e r i v a t i v e s .  
The  s t r u c t u r e s  of the  c o m p o u n d s  s y n t h e s i z e d  w e r e  

c o n f i r m e d  by p r e p a r i n g  the  N - a c e t y l  and N, O - d i a c e t y l  

d e r i v a t i v e s ,  and o b s e r v a t i o n s  on IR s p e c t r a .  
In the  r e g i o n  of  N--H v a l e n c e  v i b r a t i o n s ,  the  IR 

s p e c t r a  of p o l y c y e l i c  a l c o h o l s  show an a b s o r p t i o n  b a n d  
f r e q u e n c y  3 2 6 3 - 3 2 7 0  c m - l  w h i l e  the  t e t r a h y d r o f u r a n  
p r i m a r y  a m i n e s  h a v e  two b a n d s  at  3325 and 3400 c m  -1. 

T h e  a c e t y l  d e r i v a t i v e s  of the  t e t r a h y d r o f u r a n  a m i n e s  

s h o w  an i n t e n s e  b a n d  at 1 6 4 5 - 1 6 6 5  c m  -1, c o r r e s p o n d -  

ing to 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  of a m -  

i d e s .  The  N, O - d i a c e t y l  d e r i v a t i v e s  of  p o l y c y c l i c  p y r -  

r o l i d i n e a l k a n - 3 - o l s  h a v e ,  a long  wi th  a 1 6 4 5 - 1 6 6 7  c m  -1 

b a n d ,  an a b s o r p t i o n  b a n d  at 1 7 5 0 - 1 7 5 7  e m  -1, c h a r a c -  

t e r i s t i c  o f  the  e s t e r  g r o u p .  

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

The starting furan amines, 1-(a-furfuryl)-2-aminocyclohexane (It. 
1.(a-furyl)-l-(l'-aminocyclohexyI-2')propane (II), 1 - (a - fury l - l - ( l ' -  
aminocyctohexyl-2')-2-methylpropane (III), were prepared as previ- 
ously described [4]. 

1-(a-furfuryl)-2-aminotetralin (IV), 1-(a-furfuryl)-2-aminocyclo- 
pentane (V), 1-(ct-furfuryl)-2-aminoindane (VI), 1-(5'-methyl-2'- 
furfuryl)-2-aminocyclopentane (VII) were prepared by a somewhat 
modified method. 

1-(a-furfuryl)-2-aminotetralin (IV). A 250 ml autoclave was filled 
with 25 g 8-furfurylidene-a-tetralone [5], 125 ml MeOH saturated 
with NHs, and 2.5 g Raney Ni. The initial hydrogen pressure was 65 atm, 
initial temperature 150 ~ C. Reaction was complete in 14 hr. The prod- 
ucts were filtered to remove catalyst, the MeOH and excess NH a dis- 
tilled off under vacuum. To convert the amine in the residue salt, it 
was treated with dilute H2SO 4 (1:10), and the non-nitrogen compomlds 
were extracted with ether. Then solid alkali was added to the aqueous 
solutiun of the amine sail until the amine had completely separated 
out of the solution. It was separated off, and the water layer was ex- 
tracted with ether. The ether extracts were combined with the ami.c, 
and the whole dried over solid KOH. The ether was distilled off, the 
residue vacuum distilled, taking a cut bp 165~ ~ C (3 mm), yield 
11.5 g (46%), d~~ n~ 1.5680. Found: C 79.10; 78.84; [-I 7.46; 
7.94; N 6.67; 6.53~ calculated for CIsHIyNO: C 79,29; fl 7.,tft; N 
6.17%. MR D 67.60. 

In a similar way 3-furfurylidene-a-cyciopentanone[~Jj gave a 58% 
yield of anaine V, bp 115" C (14 ram); d~ ~ 1.0025; n~ !.5010. tround: 
C 72.94; 72.92; H 9.24; 9.12; N 8.75; 8.67%; MR D 48.~;0, calculated 
for CIoIIIsNO: C 72.72; II 9.0!t; N 8.48%; MR D 48.11. 15-[:urfurylidene- 
o-indanone [7] gave a 53%, yield of amine VI, liquid bp 1~;tt~ ' (: 
(1O ram); d~ ~ 1.1135, n~ 1.5G98. t:ouud: C 78.84; 78.70; It7.08;1;.:'2; 
N (5.54; (;.i;:J5,; bi1{i) (52.81, calculated for CI41115NO, C 78.8.1; II 7.0tq 
N (5.5%; MRI) G2.98. 1-('j'-nmthyl-2'-furfuryl)pentan-'-'-oHc 17] gavc 
a ."J5% yield of ammc VII, liquid bp 120~ ~ C (15 ram); d~ ~ 1.01,10; 

*With N. A. leaslro,:,ilm vnd N. N. [IsI(ova. 

n}~ 1.5025. Fotu]d: (: 73.40; 73.28; II 9.55; 9.31; N 7.55; 7.42~ MR]) 
52.21, calculated for ('HllriNO: C 73.70; It !~.Sg; N 7.815:,; MR D ;,2.73. 

SECONDARY VURAN AMINES (Typical Method). 

I -(r -(I ' -  methylaminoeyclohexyl-2')-2- methylpropane 
(VIII). A 610 ml rotatiJtg autoclave was filled with 58 g 1-(o-furyl)- 
1-(cyclohexan-I '-on-2'-yl)propane [3] and 180 ml MeOft containillv, 
16 g MeNH 2 and t]g Raney Ni. The initial hydrogen pressure was l'-'t) 
atm. temperature 50 ~ The reaction was complete in8 hr. wi~h 
absorption of the calculated amount of hydrogen. The products were 
filtered to remove the catalyst, and the MeOH and excess MeNt] e were 
removed by vacuum distillation. The residue for conversion of the 
aminesalt was brought to ptl4 with dilute 1IC1(1:2), then the neutral 
organic impurities extracted with ether l'hen tim aqueous amine salt 
solution was treated with solid caustic soda until the amine layer had 
separated from the solution completely, l'he amine was separated off 
and the aqueous layer was extracted with ether. The ether extracts 
were bulked with the amine, and the whole dried over solid KOtl. fhe 
ether was distilled off, the residue vacuum distilled, taking a cut 
bp 125"-127" C (14 ram), which was 1-(a-tetrahydrofurfuryl)-2-ami- 
nocyclopentane (XII), yield 13.2 g (5~o), after which the pressure 
was dropped to 5 ram, and at 140"-145 ~ C 1-(cyclopentano[bjpyr- 
rolidyl-2')propan-3-ol (XIX) came over, yield 5.2 g (21%). 

The following were prepared similarly: 1-(cx-tetrahydrofurfuryl)- 
2-aminocyclohexane (X), 1-(a-tetrahydrofhrfuryl)-l-(l'-aminocyclo- 
hexyl-2')-propane (XI), 1-(5'-methyl-2'-tetrahydrofurfuryl)-2-ami- 
nocyclopentane (XIII), 1-(a-tetrahydrofurfuryl)-2-aminotetralin 
(XIV), 1-(a-tetrahydrofurfuryl)-2-methylaminocyclohexane (XV), 
and 1-(octahydroindolyl-2')-propan-.q-ol (XVI), 1-(3"-ethyloetahydro- 
indolyl-2')propan-3-ol (XVII), 1-(3'-is0propyloetahydroindolyl-2')- 
propan-3-ol (XVIII), 1-(cyclopeutano[b]pyrroiidyl-2')butan-3-ol 
(XX), 1-(benzohexahydroindolyl-2')propan-8-ol (XXI), 1-(indano- 
pyrrolidyl-2')propan-3-ol (XXI D, 1-(benzohexahydroindolyl-2') pro- 
pan-3-ol (XXIV), 1-(1'-methyl-3'-isopropyloc[ahydroindolyl-2')- 
propan-3-ol (XXIV). 

N- and N, O-ace ty l  derivatives XXV-XXX and XXI-XXXtX were 
prepared as described in [8], 

When amine V was hydrogenated (initial hydrogen pressure 90 
atm), formation of compounds XII (49%) and XIX (10%) was accom- 
panied by formation of 1-(1 -aminocyclopentyl-2')pentan-2, 5-diol 
(XL) (21%). The aminodiol XL was a very viscous liquid, bp 196" - 

S~ 0 20O*C (8 ram), n D .5 30. Found: C64.57; 64.51; H 11.43; 11.18; 
N 7.37. 7.49%, calculated for CIoHalNO2: C 64,13. H 11.31: N 7.48%. 
N, O, O-triacetate of XL, gtassy mass, bp 207"-210 * C (3 mm). t.ound: 
C 61.83: H 9.09: N 4.61. 4.87%, calculated for CmHzTNOs: C 61.26: 
II 8.68: N 4.47%. 

tfydrogenation of amine VII (initial hydrogen pressure 90 atm) 
gave 56% XIII, 8% XX, and 6~]0 1-(l'-cyelopentylamino-2')cyclo- 
hexan-2, 5-diol (XLI), liquid bp 166~ * (2 ram), n~ 1.4985. tound: 
(: 65.28: 65.85: H 11.60: 11.50: N 6.88~ calculated for CitHzsNOz: 
(: 65.67: [i 11.40; N 6.96%. 

N, O, O-Triacetyl derivative of XLI. liquid bp 218~ ~ (4 mm), 
z0 1 4785 n i t . .  . Vound: C62.46: 62.53: 1t 9.23: 9.46: N4.59:4.57%, 

calculated for ('17lt29N(_)5: (" 62.45: li 8.93. N 4.28%. 
fhe IR absorption spectra were determined by A. t). Peshekhonova 

with a twin-beam H-80t) spectronleter, using NaCI prisms. 
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