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The many examples of Lewis acid-catalyzed isomerization and polymerization 

of terpenes have, perhaps, discouraged study of terpene-formaldehyde reactions 

under the aforementioned catalysis. l-4 Thus, no reports are to be found on the 

preparation of primary alcohols via the Lewis acid catalyzed reaction of camphene 

with paraformaldehyde in organic solvents. 

In the course of an extensive examination of camphene-formaldehyde reactions 

we have observed that under SnCl+ or BFs(HaO)e catalysis camphene and paraformal- 

dehyde react in solvent methylene chloride or methylene chloride-acetic anhydride 

to give the primary tricyclic alcohol 2-(2'-hydroxyethyl)-3,3-dimethyltricyclo- 

[2.2.1.02"]heptane (I) or its acetate in 49-577 yield (based on formaldehyde). 

Other products formed are the cyclic ether II, the 1,3-dioxane III, and the un- 

symmetrical ether IV. v 

4 + (C&O) 

SnCl4 in CHzCls, 48 hr 
at 25" and 1 atm. or 

BFs(HsO)s in CHsCls- 
A&O, 90 min at 25-50° 
and 1 atm. (g&ves I- 

acetate) 

P +fP+ 
OH 

3947 
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, The tricycle alcohol I, as formed directly by the SnCl+-catalyzed reaction, 

is difficult to purify by distillation; the best fraction (ca. 90$ pure) has bp - 

66-67" (0.20 mm) and r$s 1.4903. Preparative glpc affords the pure alcohol which 

gives a positive test with tetranitrometbane5 in carbon tetrachloride but shows 

no unsaturation in its infrared and nmr spectrum. Anal. Calcd for CLIHlsO: 

C, 79.46; H, 10.92; 0, 9.63; MW, 166. Found: C, 79.56; H, 10.90; 0, 9.54; Mb', 

168, 170 (benzene). The near infrared spectra of the alcohol I and its acetate 

show the presence of tertiary cycZopropy2 hy&-ogens, strong absorption at 2.672v 

(in good agreement with values obtained by others for related compounds,6-8 see 

Table I). Finally, an informed analysis of tne alcohol's nmr spectrum shows ex- 

c&&5& ~~v~+La+Aar~ wi+A +A& snficcya M si&LavPj ~~~i-&~~~~*~ti~ ?IrvLVb~a%5 g-1o <SE=& 

%3?Z& r,iz , -. c&3? fllpmta* !fe&eGz‘~ ef tYhz alJJpxri!awT 2s t&E csgcwmTe G*seLv-& Rsr 

IhE -i4TmkskZxi~e~ lUi3~~i~~~Ti? gmxiis, p%%%?kTEi 3 %TRi 5 Uf %ht 'b;I_iY$Chht~%3,Trt TIU- 

cc~eus. These two ,pairs DY methy'lenehyhrogens give rise to an IB quartet. as 

sQfW?L. ~+Uxx~+L~~aL asL~~Mls -:W +&a -,-,~&rrzls X, EL%, W-r; 13~ ay% %aW W, B&- 

zueritai anaLUvses anil spectrai h&a. 

Formation of the alcohol I is considered to arise via the reaction sequence 

that follows (infra vide); a reaction path similar to the one proposed by Yang 11 -- 

for the reaction of 2-methyl-2-butene with paraformaldehyde. 

CHaO + SnC14 e$HaOSnCL 

C-CH; 
SnC14 

attack at 
(a) hydrogen, 

-SnC14 Z 

attack at 

(b) carbon, _= 
-SnC14 

I I 

CHT '332 

SnC14 - 

'CHsOH 
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-SnCQ CBr- 
F2 Oh2 
CH2 -0’ 

III 

A similar mechanism is probably operative In the BFs(I-&O)s catalyzed cam- 

phene-formaldehyde reaction in solvent methylene chloride-acetic anhydride. The 

higher yield of the acetate of the product I (57%) is probably a consequence of 

the formation of the acetate in situ that obviates further reactions of the free -- 

alcohol. 

From the product analysis an interesting result is Immediately evident. 

Other workers 12 have found that carbonium ions generated in aprotic media re- 

arrange less readily than those formed in aqueous solvents. Since aqueous sys- 

tems stabilize a carbonium ion by solvatlon, the ion can rearrange to a thermo- 

dynamically more stable structure. It is interesting to note that although our 

experiments were run in methylene chloride, a relatively poor solvent for effec- 

tive solvation, the products which were observed are predominantly derived from 

rearranged carbon skeletons. 13 

Acknowledgement.- This study was carried out under Contract No. l&14-100-6884(72) 

with the Southern Utilization Research and Development Division, U. S. Department 

of Agriculture, Agricultural Research Service. 
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TABLE I 

Near Infrared Values Associated with Tertia2cg Cyclopropanyl Hydrogens 

in Some Polycyclic Compounds 

Compound 

H OH 

H 

Af H 

H H 

Nortricyclano17a8 

=+ 

H H 

0 

He H 

a-Santalene 8 

H&co2H 

Absorption, LL 

1.672 

1.663 

1.675 

1.675 

Tricycloekasantalic Acid' 



T
A
B
i
X
 
I
I
 

P
r
o
t
o
n
 N
M
R
 A
s
s
i
g
n
m
e
n
t
s
 f
o
r
 D
e
r
i
v
a
t
i
v
e
s
 o
f
 
t
h
e
 A
b
o
v
e
 S
t
r
u
c
t
u
r
e
 

C
o
m
p
o
u
n
d
 

A
B
 
Q
u
a
r
t
e
t
,
 z
 

C
y
c
l
o
p
r
o
p
y
l
 

H
'
s
,
 
T
 

G
e
m
.
-
D
p
F
y
l
 

(
C
-
1
0
)
 H
'
s
,
 

7
 

R
 
=
 
O
H
9
 

8.
22

, 
8.

41
, 

8.
87
, -

--
-b

 
8.

63
 

a.
94

 
9.

07
 

6.
36

 
(7

.0
7 

=
 

o@
 

R
 
=
 
-
O
s
C
C
s
H
~
N
O
s
(
~
)
 

8
.
1
3
,
 8
.
3
2
,
 
-
-
-
-
,
a
-
-
-
-
b
 

a.
53

 
8.

76
 

9
.
0
2
 

5.
52

 

R
 
=
 
C
l
9
 

8.
15

, 
8
.
3
2
,
 8
.
8
1
,
 -
-
-
-
b
 

a.
55

 
8.

76
 

9
.
0
2
 

6.
29

 

R
 
=
 
H
C
 

8
.
2
8
,
 a

.4
6 

8.
91

, 
9.

09
 

8.
64

 
9.

00
 

9.
19

 

a.
37

 
9.

00
 

m
i
d
p
o
i
n
t
 

m
i
d
p
o
i
n
t
 

R
 
=
 
H
l
"
 

a.
34

 
a.

97
 

8.
61

 
a.

99
 

9.
18

 
m
i
d
p
o
i
n
t
 

m
i
d
p
o
i
n
t
 

R
 
=
 
C
H
2
0
H
 (
I
)
 

8.
25

, 
a.

39
 

8.
86

, 
9.

02
d 

8.
62

 
9.

02
 

9.
14

 

a.
32

 
a.

94
 

m
i
d
p
o
i
n
t
 

m
i
d
p
o
i
n
t
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

a
 V
a
l
u
e
 n
o
t
 a
s
s
i
g
n
a
b
l
e
 b
e
c
a
u
s
e
 
c
y
c
l
o
p
r
o
p
y
l
 H
'
s
 
s
u
p
e
r
i
m
p
o
s
e
d
.
 

b
 
V
a
l
u
e
 n
o
t
 a
s
s
i
g
n
a
b
l
e
 b
e
c
a
u
s
e
 g
e
m
-
d
i
m
e
t
h
y
l
 H
'
s
 
s
u
p
e
r
i
m
p
o
s
e
d
.
 

'
 V
a
l
u
e
s
 o
b
t
a
i
n
e
d
 i
n
 
t
h
i
s
 L
a
b
o
r
a
t
o
r
y
.
 

d
 V
a
l
u
e
 e
s
t
i
m
a
t
e
d
 f
r
o
m
 c
o
u
p
l
i
n
g
 v
a
l
u
e
.
 



3952 No.40 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 
10. 

11. 

12. 

13. 

References 

K. Nagai, Bull. Chem. Sot. Japan, 2, 1825 (1961); Chem. Abstr., z, 869 

(1962). 

R. Lombard and A. Kress, Bull. Sot. Chim. France, 1415-19 (1959); Chem. 

Abstr., 54, 11071 (1960). 

-A. M. Rozhkov, Izvest. Sibir. Otdel. Akad. S.S.S.R., 23 (1958); Chem. 

Abstr., 5;J, 12734 (1959). 
K. Suga and S. Watanabe, Nippon Kagaku Zasshi, 8l, 1139-43 (1960); Chem. 

Abstr., 56, 507 (1962). 
J. Mitchell, Jr., Organic Analysis, Vol. III, Interscience Publishers, Inc. 

New York, N. Y., 1956, p. 293. 

J. Meinwald, A. Lewis, P. G. Gassman, J. Am. Chem. Sot., 84, 977 (1962). 

P. G. Gassman and W. M. Hooker, m., _, 87 1079 (1965). 
D. J. Connolly, Ph.D. Thesis, Cornell University, 1962. 

B. J. Jennings and G. B. Herschbach, J. Org. Chem., 30, 3902 (1965). 

R. A. Finnegan and R. S. McNees, s., 2, 3238 (1964). 
N. C. Yang, D. D. H. Yang, and C. B. Ross, J..Am. Chem. Sot., 8l, 133-6 

(1951). 

J. H. Bayless, F. D. Mendicino, and L. Friedman, u., _, 87 5790 (1965). 
A possible explanation for these anomalous results could lie in the unique 

character of the carbonium ion generated. In an apiotic solvent such as 

CHeClz and in the presence of a strong Lewis acid such as stannic chloride 

there is no nucleophile, other than formaldehyde or an intermediate hydroxy- 

ethyl compound, capable of carbonium ion capture which would lead to a 

product stable under the reaction conditions. The presence of geminal 

methyl groups in the 3 position as well as the initial generation of a car- 

bonium ion at C2 prevents direct elimination into the ring, leaving elimina- 

tion to form an exocyclic allylic alcohol as the only eliminative recourse 

without rearrangement. We feel that the lack of alternatives could lead to 

an initial carbonium ion with a sufficient lifetime to yield the observed 

rearranged products. 


