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RESEARCH ON FURAN COMPOUNDS 

XXXIII. Some New Homologs of 1,6-Dioxaspiro[4, 4]Nonane, 
trahydrofuran Alcohols* 

Furan, and Te- 

A.  A. P o n o m a r e v  and A. D. Peshekhonova 

Khimiya  Gete ro t s ik l i chesk ikh  Soedineni i ,  Vol. 3, No. 5, pp. 771-776 ,  1967 

UDC 542.941.7+547.723+543.422 

Pressure hydrogenation using Raney nickel or ruthenium on char- 
coal, of secondary and tertiary 7-furylalkanols is described. The pro- 
ducts are the corresponding homologs of 1, 6-dioxaspiro[4, 4]nonane 
and tetrahydrofuran alcohols, the relative yields being determined by 
the structure of the initial furan alcohol and the type of catalyst. 

As was p rev ious ly  shown [2-6] ,  p r e s s u r e  ca ta ly t ic  
hydrogenat ion  of s econda ry  and t e r t i a r y  furan  alcohols  
with a hydroxyl  in  the side chain at a t e r t i a r y  carbon  
atom (7 - fu ry la lkano l s ) ,  gives the co r r e spond ing  t e t r a -  
hydrofuran  a lcohols  and homologs of 1 , 6 - d i o x a s p i r o -  
[4, 4]nonane, It has a lso  been shown that  fo rma t ion  of 
the l a t t e r  depends on the s t r u c t u r e  of the in i t ia l  aleo-- 
hol and the type of ca ta lys t  [5]. 

In o rde r  to obtain new homologs of 1,6 d ioxaspi ro  
[4, 6]nonane with a view to subsequent ly  inves t iga t ing  
subs t i tu t ion  in the s e r i e s ,  furyl  a lcohols  with a methyl  
group at posi t ion 5 in  the furan r i n g  and va r ious  alkyl 
r a d i c a l s  at the f i r s t  ca rbon  atom in the side chain 
away f rom the r i ng  were  syn thes ized  and ca ta ly t i ca l ly  
hydrogenated .  Table 1 shows the new flJ_ran a lcohols .  

The y - fu ry l a lkano l s  were  hydrogenated  at 100-110 
a tm and 100-120 ~ C in the p r e s e n c e  of Raney n ickel  
(NiR) or r u then ium on charcoa l  (5% Ru/C) .  This me t h -  
od gave a s e r i e s  of t e t r a h y d r o f u r a n  alcohols  (Table 2), 
and homologs  of 1 ,6 -d ioxasp i ro [4 ,  4]nonanes  (Table  
3). Such a lky t - subs t i tu t e0  s p i r a n s  were  p r ev ious ly  un -  
known. 

The r e g u l a r i t i e s  p rev ious ly  noted were  conf i rmed  

[1]. 
Use of the 5% Ru/C ca ta lys t  gene ra l l y  gave cons id -  

e r a b l y  h igher  y ie lds  than NiR. 
The p r e s e n c e  of alkyl subs t i tuen t s  (espec ia l ly  i so -  

propyl)  in the side chain at the f i r s t  ca rbon  atom f rom 
the r i ng  in the s t a r t i n g  furan  alcohol,  fac i l i t a tes  c y c l i -  
zat ion,  and fo rma t ion  of s p i r a n s .  The y ie lds  of homo-  
logs of 1 , 6 - d i o x a s p i r o [ 4 ,  4]nonane f r o m  t e r t i a r y  T- 
fu ry la lkano l s  we re  i n v a r i a b l y  h igher  (up to 48% with 
NiR) than f rom secondary  ones (up to 33%). Obviously,  
a methyl  group at pos i t ion  5 in the furan  r i n g  also 
fac i l i t a t es  cyc l i za t ion .  

The UV spec t ra  of furan  a lcohols  W - V I I I  we re  
c h a r a c t e r i z e d  by i n t ense  abso rp t ion  at 220 n m  lg e ~- 

4 .0 -4 .5 ,  and a l e s s  i n t ense  one in the 275-280  n m  
reg ion  Ig e ~ 1.5, appea r ing  as  in f l ec t ions .  

The IR spec t ra  of the compounds  syn thes ized  con-  
f i rm the c h a r a c t e r i s t i c  p e c u l i a r i t i e s  of the i r  s t r u c t u r e .  

Thus in  the cases  of furan  alcohols  W-VI I I ,  the v i b r a -  
t ions  f requenc ies  of the furan r ing  (1620, 1570, 1468 
cm -1) and the bond = C - - O - - C =  (1022, 1222 cm -1) should 
be ment ioned.  The f requency  of the - - C - - O - - C - -  bond 
[8] (1080 cm -1) ind ica tes  that  a t e t r ahydro fu ran  r i ng  
is  p r e s e n t  in compounds IX-XIII .  

The wide band at 3400-3450 cm -1 in  the spec t ra  of 
compounds IV-XII I  co r re sponds  to the valence v i b r a -  
t ion of an i n t e r m o l e c u l a r l y  hydrogen bonded OH group.  
The 1125 cm -1 f requency,  observed  with alcohols  
IV-VI ,  IX-XI,  c o r r e sponds  to the va lence  v ib ra t ion  of 
the C--O bond of secondary  alcohols,  and in t e r t i a r y  
a lcohols  VII, VIII, XII, and XIII, that f requency  is 

d isp laced  to 1140 cm -1. 
The m spec t ra  of s p i r a n s  XIV-XVIl I  contain a n u m -  

b e r  of in tense  absorp t ion  bands  in the 800-1300 cm -1 f r e -  
quenc ies ,  c h a r a c t e r i s t i c  of s u c h b i e y c l i c  s y s t e m s  [9, 10]. 

The p r e s e n c e  of a g e m - d i m e t h y l  or i sopropyl  r a d i -  
cal  in  the subs tances  obtained found e x p r e s s i o n  in  the 
spec t ra  in the form of a doublet  band with f r equenc i e s  
1370 and 1388 cm -I  (see f igure) .  

EXPERIMENTAL* 

3-(5'-Methyl-2'-ft~yl)hexan-5-one (1) was prepared from 5-meth- 
ylfutfurytideneacetone and ethylmagnesium bromide, using the meth- 
od of[ll], yield 680]0. Liquid, bp 111-113 ~ (15 ram); dZa ~ 1.0612; n~ ~ 
1.4715. Found: C 73,49, 73,54; H 8.80. 9.30~ MR d 51.72. calcu- 
lated for CllH16Oz: C 73,30; H 8.95%; MR d 51,52. 

UV spectrum (in MeOH): kma x, mp (lg e): 217 (4.04); 278 (2,11). 
The IR spectrum has bands characteristic of the furan ring (1620, 

1581, 1470cm-I). 
2-(5'-Methyl-2'-furyl)-2-methylpentan-4-one (I1) was prepared 

by a known method [13], yield 70%. 
3-{5'-Methyl-2'-furyl)-2-rnethylhexan-5-one (III) was synthe- 

sized from 5-methylfurfurylideneacetone and isopropylmagnesium 
bromide [13], similarly to I, yield 76%. 

3-(5'-Methyl-2'-furyl)-2-methylhexan-5-ol (IV), 2-(5'-methyl- 
2'-furyl)-2-methylpentan-4-ol (V), and a-(5'-methyl-2'-furyl)-2- 
methylhexan-5-ol (VI) were prepared by hydrogenating the corres- 
ponding furan ketones I-iiI. Hydrogenation was effected in rotating 
steel autoclaves, using MeOH as the solvent, initial hydrogen pres- 
sure 100-110 atm and temperature 120 ~ in the presence of 10-12% 
Cu chromite catalyst based on the mass of the compound [14]. 

Under these conditions formation of the secondary furan alcohols 
was accompanied by insignificant amounts (3.5-5%) of the corres- 
ponding homologs of 1,6-dioxaspiro[4,4]nonane (XIV-XVI). 

2-(5' -Methyl-2' -furyl)-2, 4-dimethylhexan -4-oi (VII) and 3-(5' - 
methyl-2'-furyl)-2,5-dimethylheptan-5-ol (VIII) were synthesized 

*For  Pa r t  XXXII see  [1]. *Ass is ted  by L. M. Moskalenko 



T
ab

le
 

1 

R'
 

R"
 

F
u

ra
n

 A
lc

o
h

o
ls

 
~ 

I 
I 

CH
 3-

 
--

C
~C

H
~-

-C
--

C
H

~ 

C
om

- 
po

un
d 

IV
 

V
 

V
I 

V
II

 

V
II

I 

H
 

C
H

s 

H
 

C
H

3 

H 

R'
 

C
2
H
s
 

C
H

s 

C
sH

7 
is

o 

C
FI

s 

C
sH

7 
I$

o 

R
" H
 

H H 

C
2
H
s
 

C
2H

s 

Pr
~-

 
pa

re
d 

fr
om

 

B
p,

 ~
 

(p
re

ss
ur

e,
 m

m
) 

99
,--

10
1 

(7
) 

90
--

92
 

(7
) 

10
3-

-1
04

 
(6

) 

10
4-

-1
06

 
(7

) 

11
2-

-1
14

 
(7

) 

r~
D2

0 

1.
47

30
 

1.
47

58
 

1.
47

28
 

1.
47

40
 

1,
47

14
 

d,
20

 

0.
96

93
 

0,
97

60
 

0.
95

80
 

0.
95

81
 

0.
94

66
 

M
R

 D
 

Fo
un

d 
C

al
cu

- 
la

te
d 

52
,7

5 
53

.0
3 

52
.6

3 
53

.0
3 

57
,4

5 
57

,6
5 

61
,6

9.
 

62
,2

7 

66
,2

9 
66

,8
9 

F
or

m
u

la
 

C
~H

~s
O

2 

C
.H

2s
O

2 

C
12

H
2o

O
2 

C
~s

H
22

02
 

C
24

H
24

02
 

iF
ou

nd
, %

 

c 
H

 

72
.2

3 
9.

66
 

71
,9

4 
10

.1
3 

72
.6

2 
9.

65
 

72
,8

0 
9,

63
 

73
.2

2 
10

.1
4 

72
,8

4 
10

,3
5 

74
.2

8 
10

.6
2 

73
,7

6 
10

.6
0 

74
,8

8 
10

.9
6 

74
.9

0 
10

,5
4 

. 
C

al
eu

la
te

d,
c 

%
 

H
 

72
.4

9 
9.

96
 

72
.4

9 
9.

96
 

73
.4

3 
10

.2
7 

74
.2

4 
10

.5
5 

74
.9

5 
10

.7
8 

Y
ie

ld
, %

 

83
 

84
 

78
 

74
 

75
 

0 �9
 



C
o

m
- 

p
o

u
n

d
' 

R
 

R
' 

R
" 

IX
 

H
 

X
 

C
H

s 

X
I 

H
 

C
H

3 

H
 

X
II

 

X
II

I 

C
~H

5 

C
H

~ 

C
3

H
7

 
is

o 

C
H

3 

C
aH

r 
is

o 

H
 

H
 

H
 

C
2H

~ 

C2
H~

 

Pr
e-

 
pa

re
d 

fr
om

 

IV
 

V
 

V
I 

V
II

 
1 

V
II

I 

T
ab

le
 2

 

R
t ~

 

I 
T

e
tr

a
h

y
d

ro
fu

ra
n

 A
lc

oh
ol

s 
cH
~-
-[
'-
~-
-c
--
Cu
~-
-c
~c
~j
 

- 
ol

 

Bp
, 
~ 

(p
re

ss
ur

e,
 m

m
) 

nD
2O

 
d4

~O
 

11
3-

-,
I1

5 
(1

0)
 

10
2-

-1
04

 
(1

0)
 

11
7-

-1
19

 
(1

0)
 

11
2-

-1
14

 
(1

0)
 

12
4-

-1
26

 
(1

0)
 

1.
45

78
 

1.
45

38
 

1,
45

75
 

1.
45

83
 

1,
46

68
 

0,
94

39
 

0,
93

21
 

0.
93

45
 

09
31

1 

0.
93

79
 

M
'/~

 D
 C

al
cu

- 
F

ou
nd

 
la

te
d 

53
.8

3 
53

.9
7 

54
.0

8 
53

.9
7 

58
.4

3 
58

,5
8 

62
.8

5 
63

,2
0 

67
.5

3 
67

.8
2 

Fo
rm

ul
a 

C
11

H
22

02
 

C
II

H
22

02
 

C
~=

H
2~

O
2 

CI
~H

26
02

 

C
14

H
28

02
 

F
ou

nd
, %

 

C
 

H
 

70
.9

8 
11

,8
2 

70
,6

0 
11

.6
9 

70
,9

4 
11

,9
0 

71
,1

1 
t1

,8
8 

71
,9

8 
|2

,2
3 

72
,0

8 
12

.2
1 

72
,8

5 
12

.3
2 

72
.6

1 
12

.0
4 

73
,3

9 
11

,8
6 

73
,7

7 
11

,8
0 

C
al

cu
la

te
d 

%
 

ba
se

d 
on

 
th

e 
ca

ta
ly

st
 

70
.9

2 

70
.9

2 

71
,9

5 

72
.8

4 

73
.6

3 

H
 

N
IR

 

i 

11
.9

0 
68

 

11
.9

0 
i 

70
 

i 
12

.0
8 

1 
64

 

12
.2

3 
35

 

12
.3

6 
41

.6
 

S%
 

R
u/

C
 

58
 

59
,3

 

35
 

C �9
 

�9
 

N
 

C
 

r~
 



G
~ 

r 

T
ab

le
 3

 

o~
/C

H$
 

H
o

m
o

lo
g

s 
of

 1
,6

-D
io

x
as

p
ir

o
[4

,4
]n

o
n

an
e 

C
tt

3_
kO

,,J
~-

~N
R

,, 

e 

C
om

- 
p

ou
n

d
 

R
 

X
IV

 
H

 

X
V

 
C

H
a 

X
V

I 
H

 

X
V

It
 I 

C
H

a 

X
V

Il
I 

H
 

R
' 

C
2H

5 

C
I-

Ia
 

C
B

H
7 

is
o 

C
.H

a 

C
aH

7 
is

o 

R
" H
 

H
 

C
2H

5 

C
~H

8 

P
re

- 
p

ar
ed

 
fr

om
 

IV
 

V
 

V
I 

V
II

 

V
II

I 

B
p,

 ~
 

(p
re

ss
ur

e,
 m

m
) 

95
--

,9
7 

(2
5)

 

87
--

89
 

(2
5)

 

10
9-

-1
11

 
(2

5)
 

1o
3-

-1
o5

 
(2
0)
 

nD
2O

 

1.
44

18
 

1.
43

91
 

1,
44

65
 

1.
44

42
 

1.
44

77
 

d4
2O

 

0.
93

60
 

0.
93

93
 

0.
94

16
 

0.
92

29
 

0.
91

84
 

F
ou

nd
 

52
.0

7 

51
.6

1 

56
.4

 t 

61
.1

3 

65
.9

0 

C
al

cu
- 

la
te

d 

51
.8

8 

51
_8

8 

56
.5

0 

61
.1

2 

65
.7

4 

F
or

m
ul

a 

C
iiH

20
02

" 

C
nH

2o
02

 

C
1~

H
22

02
 

C
13

H
24

02
 

C
j4

H
~6

02
 

F
ou

nd
, 

%
 

C
 

H
 

C
al

cu
la

te
d,

 %
 

%
 y

ie
ld

, 
b

as
ed

 o
n

 
th

e 
ca

ta
ly

st
 

N
iR

 

11
1-

-1
13

 
(2

0)
 

M
R

 v
 

71
.2

4 
~0

.4
5 

71
,2

0 
10

,7
8 

71
.5

9 
11

,0
6 

71
.8

0 
10

.6
8 

72
,5

2 
[ 

11
.3

0 
F 

73
.1

8 
[1

.5
5 

73
,1

5 
[1

.1
9 

74
 4

3 
I 1

.8
4 

74
.1

3 
[ 

12
.0

4 

C
 

H
 

71
.6

9 
10

.9
4 

71
.6

9 
10

.9
4 

72
.6

8 
11

.1
8 

73
.5

4 
11

.3
9 

74
.2

8 
11

.5
8 

25
.6

 

5%
 

R
n/

C
 

30
.6

 

31
 

50
 

> �9
 

g3
 

O
~ �9
 



CHEMISTRY OF HETEROC YC LIC COMPOUNDS 615 

.2 

F-, 

100 : 

90. 

8 0  �84 

70' 

60, 

50' 

40. 

30- 

20, 

~o- 2 

lO~ ~, '. 

7O 
6O 
5O 
4O 
30 
2O 

37-~ ~o 

"~ I 

: i - ~ - -  i | , l i i ,, , i J 

l t - - l  l l ( 
�9 00 8o0 ~ ~cm "I 

IR spec t ra :  i) 2 - ( 5 ' - m e t h y l - 2  ' - f u r y l ) - 2 - m e t h y l -  
pen tan-4-o l  (V); 2) 2 - ( 5 ' - m e t h y l - 2 ' - t e t r a h y d r o -  
f u ry l ) -2 -m e t hy lpen t an -4 -o l  (X); 3) 2, 7, 9, 9 - t e t r a -  
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as described in [4] from ethylmagnesium bromide and II and III re- 
spectively. 

,q-(5'-Methyl-2'-tetrahydrofuryl)hexan-5-ol (IX), 2-(5'-methyl- 
2'-retrahydrofuryl)-2-methylpentan-4-ol (X), ,3-(5'-methyl-2'-tetra- 
hydrofuryl)-2 -methylhe xan- 5-ol (XI), 2-(5' -methyl-2' -tetrahydro- 
furyl)-2, 4-dimetbylhexan-4-ol (XlI). 3<5'-methyl-2'-tetrahydrofuryl)- 
2,5-dimethylheptan-5-ol (XlII). and also 2. 7-dimethyl-9-ethyl-l. 6- 
dioxaspiro[4, 4]nonane (XIV), 2, 7, 9, 9-tetramethyl-1, 6-dioxaspiro- 
[4, 4]nonane (XV), 2, 7-dimethyl-9-isopropyl-1, 6-dioxaspiro[4, 4]- 
nonane (XVI), 2, 7,9, 9-tetramethyl-q-ethyl-1, 6-dioxaspiro[4,4]- 
nonane (XVII), and 2, 7-dimethyl-9-isopropyl.1, 6-dioxaspiro[4, 4]- 
nonane (XVIII), were obtained by hydrogenating alcohols IV-VIII in 
absolute MeOH in an autoclave, under hydrogen pressure I00-Ii0 arm, 

and temperature 120 ~ The catalysts used were NiR and 5% Rn/C, 10% 
of the mass of the material. 

Compounds I. IV-XVIII were obtained for the first time. 
The UV spectra were observed in MeOH solution, using a SF-4 

spectrophotometer, the IR spectra were observed over the range 
700-3700 cm ~ using a twin-beam IR/UR-10 spectrophotometer 
(Zeiss), with NaC1 and LiF prisms. All the compounds were observed 
as capillary films between KBr plates. 
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