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Anal. Caled for CyHuO: C, 78.21;
C,77.98; H,10.43.

The minor component had mp 99.5-101.5° and was assigned
structure 18 on the basis of spectral data: nmr §3.99 (brs, 1 H,
HCO), 1.11 (s, 3 H, CHy); ir (Nujol) 3.00 (br, OH), 9.30 (s),
9.45 u (s). .

Anal. Caled for CHuO: C, 78.21; H, 10.21. Found:
C,77.92; H,10.43.

Registry No,—1, 22398.-67-0; 3a, 22398-69-2; 3b,
22398-43-2; 3c, 22398-41-0; 3d, 22398-42-1; 4a,
22308-47-6; 4b, 22398-48-7; 4c, 22398-46-5; 4c 2,4-
dinitrobenzoate, 37750-49-5; endo-8, 37750-50-8; exo-
8, 34733-86-3; 9, 37750-52-0; 12, 37750-53-1; 13,
37750-54-2; 15, 37750-565-3; 16, 37750-56-4; 18,
37750-57-5; 5-norbornen-2-yl phenyl ketone, 37750-
58-6; endo-norbornene-5-carboxaldehyde, 19926-90-0;
bromobenzene, 108-86-1; 5-norbornen-2-ylphenylcar-

H, 10.21. Found:
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binol, 133053-26-3; 5-norbornen-2-ylbenzyl Ketone,
37750-61-1; benzylmagnesium chloride, 6921-34-2;
5-norbornen-2-ylbenzylearbinol, 13305-27-6;  5-nor-

bornen-2-yl-1-naphthyl ketone, 36171-23-0; 1-naph-
thylmagnesium bromide, 703-55-9; 5-norbornen-2-yl-
1-naphthylearbinol, 37750-66-6; cyclopentadiene, 542~
92-7.
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A convenient synthesis of 1-substituted bicyelo[2.1.1]hexanes by ring contraction of l-substituted bicyclo-
[2.2.1]heptan-2-ols has been achieved. This method is highly efficient for the synthesis of 5,5-dimethylbicyclo-
[2.1.1]hexane-1-methanol and 3,5-dimethylbicyclo]2.1.1] hexane-1-carboxylic acid from camphor.

Ring contraction of bicyclo[2.2.1]heptanes has been
dchieved by deamination of l-amino-3,3-dimethyl-
bicyclo[2.2.1Theptan-2-0l (1)® to give 3,5-dimethyl-
bicyelo{2.2.1]hexane-1-carboxaldehyde (2) and by

OH 2

1

Favorskil rearrangement of 1-bromo-7,7-dimethyl-
norbornanoneto give 5,5-dimethylbicyclo[2.1.1 [hexane-
l-carboxylic acid. Other methods of synthesis of
bicyclo[2.1.1]hexanes are known,? including the photo-
chemical ring contraction of a-diazo ketones of bieyclo-
[2.2.1]heptanes and bicyclo[3.1.1]heptanes,*—® photo-
lytic eycloaddition of olefins,—*? ketone decom-
position,*® solvolysis,'* intramolecular alkylations,—+
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and carbene ring contraction.’® Bicyclo[3.1.1}heptane
glyeol monotosylates have been rearranged to 2-sub-
stituted bicyelo[2.1.1}hexanes and complements this
work.!® 2  Many of the above procedures are not
synthetically useful if large quantities of materials are
desired. 'We have a procedure by which large quan-
tities of 5,5-dimethylbicyclo[2.1.1]hexane-1-methanol
or -1-carboxylic acid can be made in a few steps and in
high yield.2! The sequence utilizes d-camphor as the
starting material so that all of the products in the
sequence are optically active..

Treatment of d-camphor (3) with phosphorus tri-
chloride and phosphorus pentachloride is known to
give 1,7,7-trimethyl-2,2-dichlorobicyclo[2.2.1]heptane,
which can be readily rearranged to l-chlorocamphene
(4).22  1-Chlorocamphene can be obtained in 709,

cl ci
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yield in one step if the by-product, 1,7,7-trimethyl-2-
chlorobicyclo[2.2.1hept-2-ene, obtained in 25% yield,
is removed by spinning band distillation. Ozonolysis
in methanol?® at —78° and decomposition of the ozonide
with dimethyl sulfide?* gave 1-chloro-3,3-dimethylbi-
cyclo[2.2.1Theptan-2-one (5). Reduction of 5 or the
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direct reduction of the ozonide? with sodium boro-
hydride gave a mixture of two epimeric aleohols in
a ratio of 5:1. The structure of the major epimer was
assigned as 6a and the minor epimer as 6b, primarily on

4 —> Z Z 7
0™ d
5
H% * Ho\%b
Cl 1
HO g ©
6b

6a

the basis of the chemical shifts and multiplicities of the
C-2 H which occurred at  6.42 and 6.90 for 6a and 6b,
respectively. The resonance at r 6.42 was a singlet
while the resonance at 6.90 was a doublet, J = 2.0 Hz,
as expected if the long range coupling to the 7-anti
proton of 6b were observed. The compounds 7a (r
6.43) and 7b (r 6.73) serve as good models for the
chemical shifts of 6a and 6b.%

H HO

HO H
7a 7b

Treatment of the mixture of chloro alcohols 6a and
6b with sodium hydroxide in DMF gave a mixture of
products which could be analyzed by nmr and glpe.
The composition of the mixture was dependent on the
reaction time. Short reaction times, 2-3 hr, yielded
an aldehyde (nmr signal - 0.3, singlet) as well as
starting material. When the reaction time was in-
creased to 18 hr only small amounts of the aldehyde
could be detected but three new products, an alcohol,
an acid, and an ester, could be isolated. The aldehyde
and the acid were identified as 5,5-dimethylbicyclo-
[2.1.1]hexane-1-carboxaldehyde (2) and 5,5-dimethyl-
bicyeclo[2.1.1]hexane-1-carboxylic acid (8) by com-
parison of their nmr and ir spectra to the spectra of
authentic samples.*? Reduction of the aldehyde 2
gave a primary alcohol identical with the alcohol
produced in the rearrangement, thus establishing that
the alcohol was 5,5-dimethylbicyeclo[2.1.1]hexyl-1-meth-
anol (9). Reduction of the ester gave only the alco-
hol 9, thus establishing that the ester was 5',5'-di-
methylbieyclo[2.1.1]hexane-1'-methyl 5,5-dimethylbi-
cyelo[2.1.1hexane-1-carboxylate (10). The alcohol
9, the acid 8, and the ester 10 were formed probably by a
Cannizzaro or Tishchenko reaction. If the crude
reaction mixture was reduced with LiAlH,, alcohol 9
was obtained in 869, yield. The aleohol 9 could be
readily oxidized with Jones reagent to the acid 8 in
quantitative yield.

The mechanism of the ring contraction is assumed to
be a pinacol-type trans-coplanar rearrangement where
the leaving group is displaced in a concerted reac-
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tion.2-3% The possibility of an Sx1 process is clearly
unreasonable on the basis of the known bridgehead
reactivity.®* The reaction is sensitive to the nature
of the leaving group as well as solvent. We have
prepared? and rearranged under much milder con-
ditions l-tosyloxy-3,3-dimethylbicyeclo(2.2.1]-heptan~
2-0l and obtained 2 as the major product. Re-
arrangement of 6 in refluxing hexane as solvent gave
very different results. The only product of the reac-
tion was a ketone which was identified as 3,3-dimethyl-
bieyclo{2.2.1]heptan-2-one (11) by comparison to an

HO .
Cl 0

6 11

authentic sample. The process by which 11 is formed
is still under investigation.

The overall sequence starting with d-camphor is
very well adapted for large-scale preparation of 8 and 9
and proceeds in about 579, overall yield. While we
believe the reaction to be general it is also clear that
the rearrangement is very much dependent on reaction
conditions.

Experimental Section??

1-Chloro-2-methylene-3,3-dimethylbicyclo{2.2.1]heptane (4).
—A solution of 75.0 g (0.492 mol) of d-camphor in 34.2 ml of
phosphorus trichloride was treated in portions with 110.0 g
(0.618 mol) of phosphorus pentachloride heated at reflux for 6
hr, cooled, carefully poured into a beaker of ice, and extracted
three times with 100-ml portions of pentane. The combined
organic fractions were treated successively with 109 sodium
bicarbonate solution and water, dried (MgSQO,.), and concen-
trated under reduced pressure. A glpc chromatogram of this
crude product showed only two components in about 1:4 ratio.
The minor component, bp 103-110° (63.0 mm), exhibited the
following spectral properties: ir (CCly) 3123, 3030, 877 cm™;
nmr (CClL)  9.23 (s, 3, methyl), 9.15 (s, 3, methyl), 9.02 (s,
3, methyl), 9.0-8.0 (m, 4), 7.67 (d of d, 1, Ji» = 4 Hz, bridge-
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head), 4.22 (d, 1, J = 4 Hz, olefinic); mass spectrum m/e (rel
intensity) 172 (M, 20), 170 (M*, 56), 157 (28), 155 (56), 144
(19), 142 (64), 135 (40), 129 (20), 127 (64), 119 (56), 107 (56),
93(40), 91 (100), 79 (32), 77 (47). 'The presence of three methyl
groups in addition to the olefinic proton at = 4.22 established the
structure to be 1,7,7-trimethyl-2-chlorobicyclo[2.2.1}hept-2-ene.

The major and desired component was distilled: bp 83-86°
(19.0 mm) [lit.22 bp 74-75° (3.5 mm)]; 709 yield; ir (neat)
3090, 1667, 1385, 1366, 890 cm™!; nmr (CCL) r 8.92 (s, 6, gem-
dimethyl), 8.4-7.8 (m, 7), 5.28 (s, 1, olefinic), 4.92 (s, 1, olefinic);
mass spectrum /e (rel intensity) 172 (M*, 10), 170 (M +, 30),
157 (3), 155 (10), 143 (7), 141 (19), 135 (25), 129 (33), 127 (100),
119 (23), 107 (19), 105 (20), 93 (25), 91 (65), 79 (26), 77 (30),
69 (30). The above data are in complete agreement with those
reported for 1-chloro-2-methylene-3,3-dimethylbicyclo[2.2.1]-
heptane.?2:38

Ozonolysis  of  1-Chloro-2-methylene-3,3-dimethylbicyclo-
[2.2.1]heptane.—A solution of 6.0 g (35.0 mmol) of 1-chloro-2-
methylene-3,3-dimethylbicyclo[2.2.1]heptane in 200 ml of
methanol?® was treated with ozone for 2.0 hr at —78°. The cold
solution was purged with nitrogen for 0.5 hr and 1.0 g (23.6
mmol) of sodium borohydride dissolved in 10 ml of water was
added.?® The reaction was allowed to warm up to room tem-
perature. The solvent was removed on a rotary evaporator,
and the residue was acidified with 109, hydrochloric acid and
extracted with ether three times. The organic layer was dried
(MgS0,) and the solvent was removed under reduced pressure.
The residue was distilled, bp 38-59° (0.25 mm), to give 5.8 g
(949 yield) of a mixture of two compounds in 87:13 ratio. The
minor component was not isolated but was detected from the
nmr of the crude reaction mixture by the presence of a resonance
at 7 6.9. The major component, assigned to 1l-chloro-3,3-di-
methylbicyclo[2.2.1]heptan-endo-2-01 on the basis of the chemi-
cal shift of the methine proton on the carbon bearing oxygen,
was collected by glpe: ir (neat) 3448 em ™ (bonded OH); nmr
(CCl) 7 9.1 (s, 3, methyl), 9.92 (s, 3, methyl), 8.7-7.6 (m, 8),
6.42 (s, 1, OCH); mass spectrum m/e (rel intensity) 176 (M,
27), 156 (9), 139 (23), 138 (100), 128 (77), 109 (28), 102 (40),
101 (37), 100 (50), 95 (73), 73 (56), 72 (43), 69 (98), 67 (89),
65 (37), 55 (43), 43 (90), 41 (98), 39 (69).

Anal. Caled for CyHy;:ClO: C, 61.88; H, 8.66.
C,61.80; H, 8.46.

1-Chloro-3,3-dimethylbicyclo[2.2.1]heptan-2-one.—A solution
of 8.0 g (46.5 mmol) of 1-chloro-2-methylene-3,3-dimethyl-
bicyelo[2.2.1]heptane in 150 ml of methanol was treated with
ozone at —78° for 2 hr. The reaction mixture was purged with
nitrogen for 0.5 hr and then treated with 40 ml of dimethyl
sulfide.?* The reaction mixture was allowed to warm up to room
temperature and stirred overnight. The solvent and excess
dimethyl sulfide were removed on a rotary evaporator and the
residue was dissolved in hexane and washed with ether. The
organic layer was dried (MgSO,4) and the solvent was removed
under reduced pressure. The residue was distilled to give 6.7 g
(849, yield) of 1-chloro-3,3-dimethylbicyclo[2.2.1]heptan-2-one:
bp 65-67° (1.8 mm) {lit.?* bp 193-197°); ir (neat) 1754 em !
(C==0), 1379, 1361, (gem-dimethyl); nmr (CCL) r 8.99 (s, 3),
8.85 (s, 3), 8.20-7.60 (m, 7).

Reduction of 1-Chloro-3,3-dimethylbicyclo{2.2.1]heptan-2-
one.—A solution of 2.0 g (11.6 mmol) of 1-chloro-8,3-dimethyl-
bicyelo[2.2.1] heptan-2-one in 20 ml of THF was added to a
slurry of 200 mg of LiAlH, in THF and refluxed for L hr. The
excess LiAlH. was destroyed by careful successive addition of
H,0, 159, NaOH, and H,O. The solid was removed by filtra-
tion and washed wth more THF, and the solvent was removed
under reduced pressure. The residue was dissolved in ether,
washed with water, dried (MgSOy4), and concentrated. The

Found:
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resulting liquid was distilled, bp 55-58° (0.25 mm), to give 1.7
g (859 yield) of a mixture of 1-chloro-3,3-dimethylbicyclo[2.2.1]~
heptan-endo- and -exo-2-ols as determined by nmr.

Rearrangement of 1-Chloro-3,3-dimethylbicyclo[2.2.1]heptan-
2-0l.—A solution of 1.00 g (5.7 mmol) of 1-chloro-3,3-dimethyl-
bicyelo[2.2.1]heptan-2-0l in 10.0 ml of DMF was added drop-
wise with stirring to a slurry of 0.5 g of sodium hydride (509 in
oil) previously washed with hexane four times. After the vigor-
ous reaction subsided, the temperature was raised to and main-
tained at 85° overnight under nitrogen. The reaction mixture
was cooled and treated with 5.0 ml of methanol, followed by 30.0
ml of water, extracted with ether, and dried (MgS0;,). Evapora-
tion of the solvent gave 0.72 g of an oil which had two major com-
ponents in glpe. The minor component was collected and shown
to be an alecohol: mp 80-83°; ir (CClL) 3615 (free OH), 3400
(bonded OH), 1385, 1370 (gem-dimethyl), 1120, 1020, 1010
em™; nmr (CCl) = 9.22 (s, 38, C-5 endo-methyl), 9.16 (d, 1,
J = 9 Hz, C-6 endo H), 883 (s, 3, C-3 exo-methyl), 8.6-7.9
(m, 7),6.43 (s, 2, CH,0-).

The other compound was shown to be an ester by the following
data: ir . (neat) 1723 (ester C==0), 1383, 1360 cm™ (gem~
dimethyl); nmr (CCL) 7 9.21 (s, 3, methyl), 9.11 (s, 3, methyl),
9.15(d, 1,J = 7Hz), 895, 1,J = 7Hz), 8.80 (s, 6),8.7-7.6
(m, 12), 5.95 (s, 2, ~CH,0-).

If the reaction time was reduced to 2-3 hr a different produet
could be detected along with significant amounts of starting
material. Glpc collection material indicated the presence of an
aldehyde, »3°% 1710 em Y, nmr 7 0.8. The nmr and ir spectra
were identical with spectra obtained from Larson®?¥ for 5,5-di-
methylbicyclo[2.1.1]hexane-1-carboxaldehyde.

The aqueous layer was acidified with 109, hydrochloric acid,
extracted with ether, dried (MgSO.), and concentrated. Re-
moval of the solvent gave 200 mg of an acid: mp 114-115°
(lit.*4 mp 115-119°); ir (CCly) 2600 (bonded OH), 1690 (C=0),
1390, 1370 cm™ (gem-dimethyl); nmr (CCly) » 9.19 (s, 3,
methyl), 8.86 (d, 1, J = 7.5 Hz), 8.72 (s, 3, methyl), 8.5-7.3
(m, 7), —2.15 (s, 1, acidic); mass spectrum m/e (rel intensity)
154 (M+*, 9), 189 (12), 112 (33), 109 (38), 95 (21), 69 (89), 67
(72), 41 (100), 39 (55). Comparison of the nmr and ir of the
above acid with the spectra of 3,5-dimethylbicyclof2.2.1]hex-
ane-1-carboxylic acid kindly supplied by Larson indicated that
the two were identical.

Reduction of 5',5/-Dimethylbicyclo[2.1.1]hexane-1'-methyl
5,5-Dimethylbicyclo[2.1.1}hexane-1-carboxylate.—A solution of
700 mg (2.54 mmol) of 5',5'-dimethylbicyclo(2.1.1]hexane-1-
methyl 5,5-dimethylbicyclo[2.2.1]hexane-1-carboxylate in 10 ml
of ether was added to a slurry of 300 mg of LiAlH, in ether and
heated under reflux for 12 hr. Decomposition of LiAlH, with
water, sodium hydroxide, and water was followed by filtration
and extraction. The organic layer was dried (MgSO,), and con-
centrated to give an oil from which 600 mg (85%) of a colorless
solid, 3,5-dimethylbicyclo[2.1.1]hexane-1-methanol, could be
obtained by sublimation (32°, 0.2 mm).

5,5-Dimethylbicyclo[2.1.1]hexane-1-methanol.—A solution of
7.0 g (40.0 mmol) of 1-chloro-3,3-dimethylbicyclo[2.2.1]heptan-
2-0l in 30 ml of DMF was added to a slurry of 5.0 g of NaH as
previously described. After 18 hr the reaction was made acid to
congo red and extracted with ether. Drying the solution (Mg-
80.) and addition of 2.0 (67 mmol) of LiAlH, over a period of
minutes and allowing the reaction to stand for 6 hr before de-
composition of the excess LiAll, with water, extraction with
ether, drying, and removal of the solvent gave 4.8 g (86%) of a
solid, mp 79-83°, identified as 5,5-dimethylbicyclo{2.1.1]hexane-
1-methanol.

Registry No.—3, 464-49-3; 4, 4017-64-5; 5, 37611-
37-3; 6a, 37611-38-4; 6b, 37611-39-5; 9, 37611-40-8;
10, 37611-41-9; 1,7,7-trimethyl-2-chlorobicyclo[2.2.1]-
hept-2-ene, 37681-82-6.



