NotEs

A study of the stereochemistry of this reaction has been
reported separately.®

Experimental Section

All nmr spectra were run on a Varian A-60 instrument using
CDCl; as solvent. Melting points were taken in sealed capil-
laries and are uncorrected. All reactions were carried out under
an atmosphere of nitrogen.

General Procedure for Zn-HCl Reductions.—Acetic anhydride
(40 ml) was saturated with HCl at —5 to —10° and 1 g of dike-
tone was added; 10 g of activated zinc dust?? was added slowly
in portions over 3 hr with vigorous mechanical stirring so that the
temperature of the reaction mixture remained below —5°. If
the temperature was allowed to rise higher than this, the reaction
became uncontrollable and the temperature rose rapidly to 40—
50°. On completion of the addition the mixture was stirred for
2 hr longer at —5° and then filtered quickly through a prechilled
funnel to remove the zine residue, which was washed with cold
acetic anhydride.

The diacetate was isolated by diluting the filtrate with 40 ml of
water and adding solid Na;CO; until the pH was neutral. The
solution was extracted with three 100-ml portions of CH,Cl,
and the combined organic layers were washed with two 100-ml
portions of water and dried over MgSO,. Evaporation of
solvents under reduced pressure gave the crude product.

This was converted to the free alcohol by stirring in 15 ml of
methanol, 2 N in NaOCHj, for 1 hr at room temperature. The
solution was neutralized with excess Amberlite IR 120 (pyri-
dinjum form?), and the solution was decanted from the resin,
which was washed with two 20-ml portions of methanol. Re-
moval of the methanol under reduced pressure gave the crude
alcohol, which was purified by chromatography, recrystalliza-
tion, or sublimation.

Alternatively the alcohol could be isolated directly by adding
the acetic anhydride filtrate to 200 ml of cold methanol and leav-
ing the solution overnight. The solvents were removed under
reduced pressure, and the oily residue was taken up in CH,Cl,
and washed with two 50-ml portions of H,0, two 50-ml portions
of 109 NaHCOy;, and 50 ml of H,O. The organic layer was dried
over MgSO, and evaporated under reduced pressure to give the
crude alcohol.

Reactions using zinc amalgam in aqueous solution were carried
out using the procedure of Wenkert and Yoder.**

Bicyclo[3.3.0]octane-1,5-diol.—The diol showed a symmetrical
multiplet centered at & 1.8 (12 H) and two exchangeable protons.
An analytical sample, mp 61.5-62.0°, was obtained by recrystal-
lization from hexane, mass spectrum m/e 142.

Anal. Caled for CsHyuO,: C, 67.57;
C, 67.61; H,9.78.

ALS-Bicyclo[3.3.0]octene. —The benzaldehyde acetal of bi-
cyclo[3.3.0]octane-1,5-diol was prepared by refluxing a solution
of 426 mg (3 mmol) of the diol and 318 mg (3 mmol) of benzal-
dehyde in 15 ml of benzene with a catalytic amount (20 mg) of
p-toluenesulfonic acid for 3 hr. The cooled solution was stirred
with solid K;CO; and the solvents were evaporated. The residue
was chromatographed over 10 g of neutral alumina to remove
trace amounts of unreacted starting material. Elution with
hexane gave 620 mg (909, yield) of a straw-colored liquid, nmr
51-2.5 (m, 12 H), 5.80 (s, 1 H), and 7.4 (m, 5 H).

To a solution of 230 mg (1 mmol) of the benzaldehyde acetal in
20 m] of ether at 0° was added 1.6 ml of 1.3 M n-butyllithium in
pentane (2.1 mmol). The solution was stirred for 24 hr at 0°
and then 2 ml of H;O was added. The organic layer was sep-
arated, the water was washed with two 2-ml portions of ether, and
the combined ether washings were washed with 2 ml of H,O and
2 ml of brine. After drying over MgS0,, most of the solvent was
removed by distillation through a 25-cm Vigreux column. Then
1 ml of CH,Cl; was added, the stillhead was attached directly
to the pot, and the distillation was continued until no more sol-
vent was collected at a pot temperature of 80°. The pot was
allowed to cool to room temperature and the distillation was
continued under vacuum (water aspirator =15 mm) while cool-
ing the receiver in liquid nitrogen. The pot was briefly heated

H, 9.92. Found:

(21) W.T.Borden, V. Varma, M. Cabell, and T. Ravindranathan, J. 4dmer.
Chem. Soc., 98, 3800 (1971).

(22) 8. Yamamura and Y. Hirata, J. Chem. Soc. C, 2887 (1968).

(23) Prepared by washing the resin with 10% aqueous pyridine followed
by distilled water and then methanol.

J. Org. Chem., Vol. 36, No. 26, 1971 4127

to 60° before the distillation was discontinued; 170 mg of volatile
material was collected and analyzed by nmr, which showed three
singlets, one for CH,Cls, one for cyclohexane (present in the
commercial n-butyllithium solution), and one at § 2.18 from the
Ald.bicyclo[3.3.0]octenes.®» A pure sample of this material was
isolated by gle and had. an ir spectrum identical with that re-
ported by Block.1%

Tricyclo[3.3.1.0%"nonane-3,7-diol (2, n = 1).—Prepared by
the general procedure described above, the crude diol was stirred
with ether and filtered to give a granular solid, mp 301-303°
(lit. 297-298°), mass spectrum m /e 154.

Anal. Caled for CyH;,0:: C, 70.10;
C, 70.05; H, 9.19.

3,7-Dimethyltricyclo[3.3.0.0%7] octan-1-0l (4).—The crude al-
cohol obtained by the general procedure described above was
purified by chromatography on silica gel (25 g/g). Elution with
7:3 pentane-ether removed the ketone 5 from the column. The
alcohol 4 eluted with 1:1 pentane-ether. Sublimation at 55-60°
(15 mm) gave a 509, yield of pure alcohol, mp 108-109°, mass
spectrum m /e 152,

Anal. Caled for CiH0O: C, 78.90; H, 10.59. Found:
C, 79.15; H, 10.68.

Tosylate of 4.—To a solution of 1.0 g (6.5 mmol) of the alcohol
in 5 ml of dry pyridine at 0° was added 1.4 g (7.2 mmol) of tosyl
chloride in 5 ml of pyridine. The solution was stirred for 16 hr,
after which 0.5 ml of H,O was added and the solution was stirred
for an additional hour. Most of the pyridine was removed under
reduced pressure, and the residue was taken up in CH,Cl; and
washed with 15 ml of 1 M HCI, 15 ml of H:0, and 15 ml of 10%
NaHCOQ;. The CH,Cl, was evaporated under reduced pressure
to give 1.6 g (809 yield) of spectroscopically pure tosylate.
Recrystallization from pentane afforded an analytical sample,
mp 75.5-76.5°.

Anal. Caled for CpHz0:8: C, 66.65; H, 7.24; S, 10.46.
Found: C,66.57; H, 7.15; S, 10.54.

1,5-Dimethylbicyclo{3.3.0] octan-3-one (5).—A solution of 152
mg (1 mmol) of 4 and 168 mg (1.5 mmol) of potassium t-butyl
alcohol was refluxed for 4 hr. After cooling it was diluted with
7 m) of H,O, neutralized with 1 M HCl, and extracted with three
20-ml portions of ether. The ether extracts were washed with
two 10-ml portions of water and with saturated brine, and dried
over MgSO,. Evaporation of the solvent gave 130 mg (85%) of
the ketone 5 (ir 1740 em™), pure by nmr [§ 1.06 (s, 6 H), 1.73
(s, 6 H), and 2.20 (d, 4 H)]. An analytical sample was prepared
by sublimation.

Anal. Caled for CypHiO: C, 78.90; H, 10.59. Found:
C, 78.65: H, 10.45.

Registry No.—2 (n = 1), 20898-26-8; 4, 32139-02-9;
4 tosylate, 32256-06-7; 5, 32139-03-0; bicyclo[3.3.0]-
octane-1,5-diol, 32139-04-1.
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The interesting chemistry of adamantane! and the
biological activity of aminoadamantane and its de-

(1) R. C. Fort, Jr., and P. v. R. Schleyer, Chem. Rev., 64, 277 (1964).
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rivatives? have stimulated an interest in the syntheses
of 1,2-disubstituted adamantanes.® The recent report
on the syntheses of compounds containing heterocyclic
ring systems fused onto the 1 and 2 positions of ada-
mantane* prompts us to report our synthesis of 1-
methyladamantano[1,2-b Jpyrrolidine (10), a novel het-
erocyclic system.

The successful route to the synthesis is based on the
reaction sequence shown in Scheme I. The reaction

ScHEME I
—_—
0
1
e
CHCO,C,H; CHCO,H
2 3
e
0
R
4 R=0H
5 R=Cl
6, R = NHCH,
— Cl
NR,CH; NHCH,

(2) (a) W. L. Davies, R. R. Grunert, R. F. Haff, J. W, McGrahen, E. N.
Newmager, M. Paulshock, J. C. Watts, T. R. Wood, E. C. Hermann, and
C. E. Hoffmann, Science, 144, 862 (1964); (b) K. Gerzon, D. J. Tobias, Sr.,
E. R. Holmes, R. E. Rathbun, and R. W. Kattaw, J. Med. Chem., 10, 603
(1967), and earlier papers; (c) G. Tsatsas, E. Costakis, 8. Casadio, B.
Lumachi, and E. Marazzi-Uberti, Ann. Pharm. Fr., 27, 364 (1969); (d)
A. Pedrazzoli, L. Dall'asta, V. Guzzon, and E. Ferrero, Farmaco. Ed. Sci.,
26, 822 (1970).

(3) (a) W. H. W, Lunn, W. D. Podmore, and 8. 8. Szinai, J. Chem. Soc.
C, 1657 (1968); (b) M. A. McKervey, Chem. Ind. (London), 1791 (1967).

(4) C. K. Chakrabarti, S. 8. Szinai, and A, Todd, J. Chem. Soc. C, 1303
(1970).

Notes

of 2-adamantanone with triethyl phosphonoacetate
and sodium hydride gave A% a-adamantaneacetic acid
ethyl ester (2). It was determined that, by using 1.5
equiv of triethyl phosphonoacetate to 1 equiv of 2-
adamantanone and allowing the reaction to proceed
at 45°, a nearly quantitative yield of 2 could be realized.
Base hydrolysis of 2 furnished A? a-adamantaneacetic
acid (3) in 989, yield. Catalytic hydrogenation of 3
over palladium on charcoal gave a quantitative yield
of 2-adamantaneacetic acid (4). Compound 4 was
converted to its acid chloride 5 by reaction with thionyl
chloride. Treatment of 5 with 409, aqueous mono-
methylamine furnished an 869, yield of N-methyl-2-
adamantaneacetamide (6). Reduction of 6 with lith-
ium aluminum hydride in tetrahydrofuran gave a
909, yield of N-methyl-2-adamantaneethylamine (7).
Treatment of 7 with aqueous sodium hypochlorite
solution® yielded the desired N-chloroamine 8.

The N-chloroamine 8 was then subjected to Hof-
mann-Loeffler-Freytag reaction. The reaction is cus-
tomarily run in strong sulfuric acid or sulfuric acid-
acetic acid mixtures, with heat or ultraviolet light used
to initiate the free-radical reaction.! The use of strong
acid and heat, in our case, led to the formation of
2-adamantanone.” However, photolysis of 8 in the
sulfurie acid-acetic acid mixture, using a low-pressure
mercury lamp at 25° for 1 hr, gave a good yield (85%)
of a single product (tle). It has been assigned strue-
ture 9: nmr 7 6.05-6.30 (br, 1, NH), 7.44-7.58 (m,
2-CH,N<), 7.75-7.87 (4, 3, CH;NH), 7.87-8.09 (2,
CH,), 8.09-8.5 (s, 14 H). The alternate isomeric
structure 11 is ruled out, since the characteristic up-
field absorption (doublet at = 8.5-8.7) of the hydrogen
on the carbon bearing the chlorine in compounds of
type 128 ig absent in our product. The much greater
stability of the tertiary adamantane radical, together
with the preferential formation of six-atom cyelic
transition states, generally noted in Hofmann-Loeffler—
Freytag reactions,® would explain the exclusive forma-
tion of 9.

The cyclization of 9 presented considerable diffi-
culties. Compound 9 was found to be particularly
resistant to solvolytic displacement under a variety of
reaction conditions. Clearly, no “back-side” attack is
possible at the tertiary center through the cage com-
pound. Even the aluminum halide catalyzed sub-
stitution reaction conditions involving the bridgehead
“carbonium ion,” so generally successful in the ada-
mantane field,! failed. The cyclization was finally
achieved in 349, yield by heating at 290° for 10 min.
The structure of 10 is supported by microanalysis and
the spectral data: ir 3.70-4.4 p (>NHTY); nmr -
—2.17 to —1.50 (br, 1, N+H), 5.83-6.42 (m, 2, CHy-
N<), 6.90-7.30 (m, 2, CH,), 7.35-7.45 (d, 3, >N*H-
CH,), 7.65-8.5 (m, 14 H); mass spectrum m/e 191
(M+ — HCI).

(5) J. F. Kerwin, M. E. Wolff, F. F. Owings, B. B. Lewis, B. Blank,
A. Magnani, C. Karash, and V. Georgian, J. Org. Chem., 27, 3628 (1962).

(6) M. E. Wolff, Chem. Rev., 63, 55 (1963).

(7) H. W. Geluk and J. L. M. A. Schlatmann, Tetrahedron, 34, 5361
1968).
( (8) For the synthesis of this compound, see ref 3 and Netherlands Patent
6,714,362 (1966), to Lilly Industries Ltd.

9) (a) P. Kovacic, M. A. Lowery, and K. W. Field, Chem. Rev., 70, 639
(1970); (b) R. 8. Neale, Synthesis, 1 (1971).
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Experimental Section

Melting points were determined on a Thomas-Hoover ‘“Uni-
Melting’® apparatus and are uncorrected. Infrared spectra
were determined on a Perkin-Elmer 21 spectrometer in Nujol.
Nmr spectra were obtained on a Varian A-60 spectrometer in
CDCl;, with (CHs)Si as the internal standard. Mass spectra
were determined on an AEI-MS8-902 mass spectrometer.

A?,a-Adamantaneacetic Acid (3).—To a well-stirred suspension
of 21.8 g (0.45 mol) of sodium hydride (NaH) in 300 ml of dry
1,2-dimethoxyethane (DME), 100.9 g (0.45 mol) of triethyl
phosphonoacetate was added slowly at 20°. After stirring for
2 hr at room temperature, a solution of 45.0 g (0.3 mol) of 1 in
450 ml of dry DME was added rapidly. The reaction mixture
was maintained at 45° for 2 hr and then stirred overnight at room
temperature. The mixture was concentrated, diluted with
water, and extracted with ether. The ether extract was washed
with water, dried (MgSO,), and concentrated to give 65.5 g
(999) of 2 as a thick yellow liquid, ir 5.83 (C==0), 6.08 u (con-
jugated C=C).

The crude ester 2 was hydrolyzed by refluxing with 300 ml of
5 N aleoholic KOH for 4 hr. The basic solution was cooled,
acidified with 5 N HC], and extracted with CHCl;. The CHCls
solution was dried (MgSO.) and evaporated in vacuo to give 56.6
g (98%,) of 3 as brownish-white powder. Crystallization from
dilute acetone gave an analytical sample: mp 136-138°; ir 3.70-
4.00 (bonded OH), 5.90 (C=0), 6.10 u {(conjugated C=C);
nmr r 4.38 (s, 1, vinyl H), 5.83-6.05 (br, 1, OH), 7.37-7.66
(br, 2, CH adjacent to C==C), 7.83-8.25 (s, 12 H).

Anal. Calcd for CmHmOz: C, 74.97, H, 8.30.
C,75.19; H, 8.49.

2-Adamantaneacetic Acid (4).—A solution of 9.6 g (0.05 mol)
of 3 in C;H;0H containing 1 equiv of 5 N NaOH was hydrogen-
ated over 59, Pd/C. After acidification, the solvent was re-
moved in vacuo and the residue was extracted with CHCl,,
dried (MgS0,), and evaporated in vacuo to give 9.5 g (94%) of
white solid, mp 118-120°. Recrystallization from pentane gave
an analytical sample as white crystals: mp 118-120°; ir 3.70-
4.00 (bonded OH), 5.92 u (C=0); nmr r 5.34 (s, 1, OH), 7.55
(br, 2, CH,), 8.07-8.38 (s, 15H).

Anal. Caled for C12H13023 C, 74:.19; H, 9.34.
74.05; H, 9.32.

N-Methyl-2-adamantaneacetamide (6).—The reaction of 8.9
g (0.046 mol) of 4 with thionyl chloride gave 9.4 (97%) of the
acid chloride 5, ir 5.50 u (C==0). Tt was dissolved in 50 ml of
dry tetrahydrofuran (THF) and added dropwise to 10 ml of
409, aqueous solution of monomethylamine. The THF was
evaporated in vacuo, and the residue was extracted with CHCl,,
dried (MgS80,), and concentrated to give 7.9 g (869,) of 6 as a
white solid, mp 142-149°. Crystallization from CH;CN gave an
analytical sample as white needles: mp 147-150°; ir 3.05-3.25
(NH), 6.02-6.12 4 (C=0); nmr r 4.00-4.30 (br, 1, NH), 7.14~
7.22 (d, 2, CH,), 7.70 (br, 3, NCHj;), 8.05-8.40 (s, 15H).

Anal. Caled for CiusHyNO: C, 75.31; H, 10.21; N, 6.76.
Found: C,75.21; H, 10.15; N, 6.76.

N-Methyl-2-adamantaneethylamine (7).—To a well-stirred
suspension of 3.0 g of lithium aluminum hydride in 100 ml of dry
THF cooled in ice, a solution of 7.4 g (0.36 mol) of 6 in 100 ml of
dry THF was added dropwise. The reaction mixture was then
refluxed overnight. Working up the reaction yielded 6.5 g
(909%) of 7 as an oil: ir 3.00 x4 (NH); nmr r 4.30-4.55 (NH),
7.16-7.55, 8.08-8.45. The hydrochloride of 7 was erystallized
from CH3CN to give an analytical sample, mp >270°, ir 3.30-4.10
u (NH,* and CH),

Anal. Caled for CisHyuN-HCL: C, 67.99; H, 10.53; N,
6.10. Found: C,68.11; H, 10.81; N, 6.02.

1-Chloro-N-methyl-2-adamantaneethylamine (9).—A solution
of 15.4 g (0.08 mol) of 7 in CH,Cl, was stirred at room temperature
with 200 ml of 59 NaOCI for 2 hr. The aqueous layer was
removed, 200 ml of fresh NaOCl was added, and the mixture was
stirred overnight at room temperature. The organic layer was
separated, washed with water, dried (MgSO,), and evaporated
in vacuo to give 16.4 g (909%) of 8 as an oil. Compound 8 was
dissolved in 190 ml of acid solution (16.7 ml of 95-989, H,SO,,
4.3 ml of H,0, and 160 ml of CH;CO,H) and photolyzed at 25°
in a Hanovia photochemical reactor with a low-pressure mercury
lamp. After 1 hr exposure, the reaction mixture gave a negative
halogen test with KI solution. After cooling, the solution was
made basic with 109, NaOH, extracted with CHCl;, washed
with water, dried (MgS0,), and evaporated in vacuo to give 15.5 g

Found:

Found: C,
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(859%,) of 9 as a yellow oil: ir 2.85-3.20 u (NH); nmr r 6.05—
6.30 (br, 1, NH), 7.44-7.58 (m, 2, CH,N<), 7.75-7.87 (d, 3,
CH;NH), 7.87-8.5 (br, 2, CH,), 8.09-8.5 (s, 14 H). The hydro-
chloride of 9 was crystallized from CH;CN to give an analytical
sample, mp >270°.

Anal. Caled for Ci3HeNCl-HCl: C, 59.10; H, 8.77; N,
5.31. Found: C,59.23; H, 8.92; N, 5.13.

1-Methyladamantano[1,2-b]pyrrolidine (10).—Compound 9

(4.5 g, 0.02 mol) was heated under nitrogen at 290° (previously
heated oil bath) for 10 min. After cooling, the residue, ir 3.70-
4.4 p (N*H-), was triturated with 109, NaOH. The oil that
formed was extracted with CHCl;, washed with water, dried
(MgS0,), and evaporated to give 3.2 g of residue. It was dis-
solved in 20 ml of acetic anhydride and stirred overnight at
room temperature. The excess acetic anhydride was removed in
vacuo and the residue was partitioned between CHCl; and 5 N
HCl. The aqueous layer was separated, basified, extracted with
CHCI;, dried (MgSO,), and evaporated in vacuo to give 1.3 g
(349,) of 10 as a pale yellow oil. The hydrochloride of 10 was
crystallized from dioxane to give white crystals: mp 231-236°;
ir 3.70-4.44 u (>N+H-); nmr r —2.17 to —1.50 (br, 1, N*H),
5.83-6.42 (m, 2, CH,N<), 6.90-7.30 (m, 2, CH,), 7.35-7.45
(d, 3, >N+HCH,), 7.65-8.5 (m, 14 H); mass spectrum m/e 191
(M+ — HCD).

Anal. Caled for CiHuN-HCL: C, 68.35; H, 9.74; N,
6.15; Cl, 15.57. Found: C, 68.30; H, 9.61; N, 6.18; Cl,
15.38.

Registry No.—3, 25220-07-9; 4, 26082-22-4; 6,
32132-60-8; 7 HCI, 32132-61-9; 9 HCI, 32132-63-1;
10, 32139-10-9.
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Recently published work indicates that a controversy
still exists regarding the exact nature of the influence
exerted by a-alkyl groups on the rates of enolization
of carbonyl compounds. According to Warkentin,
et al.,! “the usual effect of an a-alkyl substituent is to
accelerate acid-catalyzed enolization and to retard
base-catalyzed enolization relative to the corresponding
rates for unsubstituted ketone.” This statement ap-
pears to be well authenticated for the case of base-
catalyzed enolization!? but appears to be less definite
for acid-catalyzed enolization.® The above generaliza-
tion arises essentially from studies of the preferential
enolization rates of ketones containing two reaction
sites, which of course constitutes a slightly different
problem from that encountered in the comparative
studies of alkyl- and nonalkyl-substituted ketones.
Actually this generalization is in contradiction with
results obtained for phenyl alkyl ketones* and dialkyl

(1) (a) J. Warkentin and O. 8. Tee, J. Amer. Chem. Soc., 88, 5540 (19686);
(b) J. Warkentin and C, Barnett, ¢bid., 90, 4629 (1968).

(2) (8) D. P, Evans and J. J. Gordon, J. Chem. Soc., 1434 (1938); (b)

C. F. Cullis and M. 8. Hasmi, 1bid., 2512 (1958); (c) C. Rappe, Acta Chem.
Scand., 20, 2236 (1966).
. (8) (a) H, M. E. Cardwell and A, E. H. Kilner, J. Chem. Soc., 2430
(1951); H. M. Dawson and R. Wheatley, ibid., 2048 (1910); H. M. Dawson
and H, Ark, ibid,, 1740 (1911); (b) C. Rappe and W. H. Sachs, J. Org.
Chem., 82, 3700 (1967), and references cited therein.

(4) D. P. Evans, J. Chem. Soc., 785 (1936).



