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Research on synthesis of polycyclic spirans of the 1, 6-dioxaspf_ro- 
[4, 4]nonane group is continued. Electrolysis of methanol solutions of 
2-furylcyclopentanol, 2-(5'-methyl-furfuryl)eyclopentanol, and 2- 
furfuryl-l-indanol, gives, by intramolecular alkoxylation, spiro- 
{perhydrocyclopenta[b]furan-% 2'-(5'dihydrofuran)}, spiro{perhydro- 
cyclopenta[b]furan-2, 2'-(5'-methoxy-5'-methyl-2', 5'-dihydrofuran)}, 
and spircr[2, 3, 3a, 8b-tetrahydro-4H-indeno[1, 2-b]furan-2, 2'-(5'- 
methoxy-2', 5'-dihydrofuran)}, hitherto undescribed in the literature. 
Depending on the conditions, catalytic hydrogenation of these gives: 
spiro(perhydrocyclopenta[b]furan- 2, 2'-(5'- methoxyt etrahydrofurau)}, 
spir~2, 3a, 8b-tetrahydro-4H-indeno[1, 2-b]furan-2, 2'-(5 '-methoxy- 
tetrahydrofuran)}, spiro{perhydroeyclopenta[b]furan-2, 2'-tetrahydro- 
furan}, and spire{2, 3, 8a, 8b-tetrahydro-4H-indeno[1, 2-b]furan-2, 2'- 
tetrahydrofuran}. 

It was previously stated [2, 3], that under conditions 
where  furan alcohols with a hydroxyl a Position 3 in 
the side chain suffer  alkoxylation, they eyclize in t ra -  
molecular ly  to 2-alkoxy der iva t ives  of 1, 6 -d ioxaspi ro-  
[4, 4]non-3-ene.  The in t ramolecu la r  alkoxylation r e -  
action takes place general ly ,  and can be extended to 
var ious  compounds containing a furan ring and a 
s imi la r ly  situated hydroxyl group [4, 5], among others ,  
to fur fury l -subs t i tu ted  mono- and bicyclic alcohols 
of the eyelohexane se r i e s  [5]. The p resen t  paper  is 
concerned with fur ther  r e s e a r c h  in this field, as 
applied to cyclopentane der ivat ives .  

Exper iments  using as model compounds 2- fur fury l -  
cyclopentanol (I), 2- (5 ' -methylfurfuryl )  cyclopentanol 
(II), and 2 - fu r fu ry l - l - indano l  (III) showed that when 
they were  e lec t ro lyzed  in methanol solution, react ion 
also took place in t ramolecular ly ,  giving sp i ro{per -  
hydrocyclopenta[b]- furan-2 ,  2 ' - (5 'me thoxy-2 ' ,  5 ' -  
dihydrofuran)} (IV), sp i ro[perhydrocyclopenta[b]furan-  
2, 2 ' - ( 5 ' m e t h o x y - 5 ' - m e t h y l - 2 ' ,  5 ' -dihydrofuran)} (V), 
and spire[  2, 3, 3a, 8b- te t rahydro-4H-indeno[1,  2-b]-  
furan-  2, 2 ' -  (5 ' -  me thoxy- 2', 5 ' -  dihy drofuran)} (VI) 
(Table 1). 

a ' H:~ R ( N H , B t )  ~ 3 

OH I,I! 
II, V = CH 3 

R OCH S 
W, Y 

CH30 H % 
H2- ~ (NH4Br)" 

I I I  OH 
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*For  Pa r t  XXXI see [1]. 

Hydrogenation of compounds IV and VI under mild 
conditions (room tempera tu re ,  over  Raney nickel, 
and under p ressure )  gave good yields of s p i r o [ p e r -  
hydrocyclopenta[b]furan- 2, 2 ' -  (5 ' -methoxyte t rahydro-  
furan)} (VII) and spire[  2, 3, 3a, 8b- te t rahydro-4H-  
indeno[1, 2-b]furan-2,  2 ' - (5 ' -methoxyte t rahydrofuran)}  
(VIII) (Table 1). 

Hydrogenation under more  dras t ic  conditions (over 
Raney nickel, p r e s s u r e  100-200 atm, t empe ra tu r e  
100~ ~ C) led to reduction of the double bond in the 
5 - m e m b e r e d  ring being accompanied by splitting off 
of the methoxyl group, and format ion of spire{ pe r -  
hydrocyclopenta[b]furan- 2, 2 ' -  te trahy drofuran} (IX), 
and spire[2,  3, 3a, 8b]tetrahydro-4H-indeno[1,  2-b]-  
furan-2, 2'-tetrahydrofuran} (X) (Table I). 

-~/t 

OCH~ ~ 3VII 

OCH3 ~ 3 OH 

The IR spec t ra  of polycyclic sp i rans  IV-X, de te r -  
mined in the region 700-1800 cm- l ,  are  cha rac te r i zed  
by a large number  of high-intensi ty l ines,  which are  
also cha rac te r i s t i c  of s imi l a r  sp i roace ta l  s t ruc tu res  
[3,4, 6-8] .  (Figs.  1-3).  Noteworthy for  all the sp i rans  
a re  intense bands in the 1000-1100 cm -1 region, 
connected with valence vibrat ions of the C--(N--C 
group. 

Deformation vibrat ion bands of methyl and methylene 
groups are  found at 1380 and 1460 cm -t .  The p resence  
of a double bond in compounds IV, V, and VI is con- 
f i rmed  by a band of valence vibrat ions  of the ~ C  bond 
at 1650 cm- t .  The spec t r a  of sp i rans  VI, VIII, and X 
have absorpt ion bands at 1510 and ]630 cm -i ,  cha r -  
ac te r i s t i c  of the a romat ic  ring. 
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Table  1 
P o l y c y c l i c  M e t h o x y - l , 6 - d i o x a s p i r o [ 4 , 4 ] n o n a n e s  and t h e i r  Ca ta ly t i c  Hydrogenat ion  

ii 

Corn- Bp, o C 
(pressure 

pound mm) 

IV 84--85 (3) 

V 99--100 (5) 

VI 129--132 (1) 

VII 85--86 (5) 

VllI  118--120 (1) 

ix 85--86 (lO) 

X 141--144 (3) 

d4 2o 

1.108 

1,067 

1.1784 

1.071 

1.1531 

1.052 

1.1352 

i i 

riD20 

1,487C 

1,4761 

1,5550 

1,4695 

1,5366 

1.4742 

1,5411 

P r o d u c t s  

MRI) 

Calcu-  
Found lated 

51.03 50.76 

55.17 55.47 

66.53 65.73 

51.60 51.33 

66.66 66.19 

44.96 45.07 

59.87 59.93 

CUH1603 

C12H1808 

CIsH1603 

C11H1803 

CIsHjsO3 

CIoHj~O~ 

C14HlsO~ 

c , %  

d ,  alcu-  
Found lated 

66.65 67.32 
66.98 
68.49 68.54 
69.04 
73.94 73.75 
73.56 
66,36 66,64 
66.87 
72.63 73,15 
72.79 
71.91 71.39 
70.99 
77.79 7Z75 
77.94 

H,% 

Calcu-  
Found lated .. 

8.08 8.22 
8.50 
8.45 8.62 
8.49 
6.7O 6.60 
6.82 
9.50 9.15 
9.32 
7,46 7.36 
7.31 
9.37 9.59 
9.58 
8.14 7.46 
8.19 

Yield, 
% 

72.5, 

68 

72 

83 

68 

78.5.. 

7 I  

Compound 

1I 
III 

Table  2 

E l e c t r o l y s i s  Condi t ions  fo r  Compounds II and Ill  
,=,, 

Quanti ty  of starting [ 
mater ia l ,  mole  Current, a / 0.36 5.0--4.0 

0.15 4.0--3,0 

voltage, v 

9--20 
8--18 

Temperature  in the 
electrolysis ce l l ,  ~ 

--12 
- 1 6  
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Fig.  1. IR s p e c t r a  of compounds IV-VI .  
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Fig.  2. IR spec t r a  of compounds  VII and VIII. 
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Fig. 3. IR spectra of compounds IX and X. 
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EXPERIMENTAL* 

2-Furfurylidenecyclopentanone (XI) was  p repa red  
as per  the l i t e ra tu re  [9]. 

2 - (5 ' -Methy l fur fury l idene)cyc lopen tanone  (XII) was  
p r e p a r e d  s imi la r ly ,  by condensing 5 -me thy l fu r fu ra l  
with cyclopentanone in the p r e s e n c e  of 0.1 N NaOH. 
Yield 63.6%, bp 151~ ~ C (11 ram); 620-63 ~ C. 
Found: C 74.55; 74.43; H 6.80; 6.67%. Calculated for  
CllH1202: C 74.98; H 6.86%. 

2 - F u r f u r y l i d e n e - l - i n d a n o n e  (XIII) was  p r e p a r e d  by 
condensing fu r fura l  with 1-indanone in ethanol solution, 
with cooling,  and in the p r e s e n c e  of 20% NaOH solu-  
tion. Yield 93%, bp 115.5~ ~ C. Found: C 79.61; 
79.58; H 4.90; 5o01%. Calculated for  C14H1002: C 79.98; 
H 4.79%. 

2 -Fur fu ry l cyc lopen tano l  (I), 2 - (5 ' -m e t hy l fu r fu ry l ) -  
cyelopentanol  (II), and 2 - f u r f u r y l - l - i n d a n o l  (III) were  
p r e p a r e d  by hydrogenat ing  XI, XII, and XIII at ]20 ~ C 
] 0 0 - 1 2 0  arm over  Cu chromi te  ca ta lys t .  

2 - F u r f u r y l c y c l o p e n t a n o h  yield  70%, bp 110 ~ 1 ] 1 ~ C 
(9 ram); d420 1.042; nD 2~ 1.5043. Found: C 71.88; 72.42; 
H 8.56; 8.60%; MR D 46.22. Calculated for  C10HMO2: 
C 72.26; H 8.49~; MR D 46.50. 

2 - (5 ' -Methy l fu r fu ry l ) cyc lopen tanoh  yield 67~, bp 
123~ ~ C (10 ram); d42~ 1.056; nD z~ 1.5030. Found: 
C 73.35; 73.45; H 9.23; 9.11%; MR D 50.43. Calculated 
for  CilH1602: C 73.29; H 8.95~o; ]VLR D 50.81. 

2 - F u r f u r y l - l - i n d a n o h  yie ld  82%, bp 165~ ~ C 
(5 ram); d42~ 1.1472; nD2~ 1.5668. Calculated for  

Ci4H1402: C 78.48; H 6.59%; MR D 61.08. 
Spiro( pe rhydrocyc lopen ta [b ] fu ran -  2, 2 ' -  (5 ' -  methoxy-  

2 ' ,  5 ' -d ihydrofuran)~  (IV). 58.2 g (0.35 mole) f r e s h l y -  
dis t i l led 2 - fu r fu ry lcyc lopen tano l  and 5 g (0.051 mole) 
NHr in 220 ml MeOH were  p laced in an e l e c t ro ly s i s  
cell  with a Ni cathode and a ca rbon  anode [10, 11]. The 
solution was  cooled to - 1 2  ~ and kept the re  during the 
en t i r e  run .  Cu r r en t  4 - 5  A, vol tage 9 - 2 0  V. At the 
end of the e l ec t ro ly s i s ,  the solution was  t r ea ted  with 
NaOMe (1.2 g Na in 20 ml MeOH). MeOH and 1~%I S 
w e r e  vacuum-d i s t i l l ed  off on a wa te r -ba th .  The p r e -  
cipi tate  of NaBr  was  f i l t e red  off and washed on the 
f i l t e r  with e ther  a few t imes .  The e ther  was  taken 
off, and the res idue  vacuum-dis t i l l ed ,  yie ld  49.5 g 
(72.5%). 

Table  2 g ives  the e l e c t r o l y s i s  condit ions for  c o m -  
pounds II and III. 

Spiro~pe rhydrocyc lopen ta [b]  fu ran -  2, 2 ' - ( 5 ' - m e t h o x y -  
te t rahydrofuran)}  (VII). 30.0 g compound IV, 35 mi 

dry EtOH, and 3 g Raney Ni were charged into a 250 
ml rotating steel autoclave. Initial hydrogen pressure 
80 atm, room temperature. Hydrogenation was com- 
plete when 3.8 l hydrogen had been absorbed. The 
catalyst was filtered off, the solvent distilled off on 
a water-bath, and the residue then vacuum-distilled. 

Compound VI was hydrogenated similarly. 
Spiro(perhydrocyclopenta[b]  fu ran-  2, 2 ' - t e t r a h y d r o -  

furan} (IX). 20.0 g compound VII, 45 ml dry  EtOH, 
and 2 g Raney Ni were  charged  into a 250 ml ro ta t ing  
steel  autoclave.  Initial hydrogen p r e s s u r e  120 atm, 
t e m p e r a t u r e  100 ~ C. Hydrogenat ion  was  comple te  when 
5 l hydrogen had been absorbed.  The product  was  
worked  up in the way desc r ibed  above~ The res idue  
was  vacuum-dis t i l l ed .  

The IR spec t ra  were  de te rmined  with a H-800 
(Hilger) spec t ropho tomete r ,  over  the range 700-1800 
em -1, us ing a NaC1 p r i sm.  Two compounds  were  
invest igated in the liquid state,  in the f o r m  of cap i l la ry  
f i lms  between NaC1 plates.  ** 
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