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Abstract — The synthesis of a series of novel substituted spiro[pyrroiidine-
3,7

5,2"-tricycle[3.3.1.17" ]decane] derivatives 5-13 is described. When tested

in the carrageenin-induced rat paw edema assay, several analogues elicited

anti-inflammatory activity,

In recent years, we have been studying in some depth the synthesis and biological activity of various
adamantane-spiro-heterocycles. 1-8 One efficient approach towards their preparation has been the 1,3-
dipolar cycloaddition reaction of 2-adamantanone nitrone (1) with appropriate dipolarophiies. 37
Using this approach we accomplished the synthesis of a number of substituted spiro[isoxazolidine-3,2'-
tricyclo[3.3.1.13’7]decanes] (3) starting with 1 and the substituted olefins 2 (Scheme I}, 7 Now, as
further extension of this study, we report the preparation and biological activity of a seriles of no-
vel substituted spiro[pyrrolidiue—S,Z'—tricyclo[353ﬂlu13’7]decanes] (5-13).

9,10 .

The synthesis of 5-13 (Scheme I) was straightforward and invelved a catalytic hydrogenolysis
the nitrogen-oxygen bond of the isoxazolidine ring of the adamantane-spiro-isoxazolidines 3 to fur-

nish the correspanding aminocaleohols & which were not isolated but rather umderwent an intramolecular
cyclization to produce the substituted spiro[pyrrolidine—S,Z'—tricyclo[?:.391.13’7]decanes] 5 and 12

(Table I}.

Table I. Substituted Spiro[pyrrolidiﬂe—s,2'—tricyclo[3.3°lu13'7]decane] Derivatives (5-13)

,CHS
N
X
OR
5-13
No R X No R ¥
5 H 0 10 COCH, 0CH, 0
8 Co{CcH,), CH, 0 11 COCH=CHC H, 0
7 COCH,, 0 1z H 1,
8 COCH, CH, 0 13 CO(CH2)146H3 H,
9 CoC He 0
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Table II. Anti-inflammatory Activity of the Substituted Spiro{pyrrolidiHE-5,2'—tricyc10{3¢3.l.l3’7]-—

decanes] in the Carrageenin-Induced Rat Paw Edema Assay

Compound Dose (mg/kg, oral) Paw Edema (mean + S.E.) Inhibition (%)
5 50 8.3 0.2 - 13.5 + 0.6 13.3
6 50 8.0 + 0.3 - 13.3 + 0.4 1.7
8 50 9.5 + 0.2 = 14.0 + 0.4 37.5 ®
13 50 8.5 + 0.2 - 13,3 + 0.6 20,0
Indomethacia 4 9.2 4 0.2 - 16,2 + 0.3 30.6 °

a Statistically significant (p<0.01); b Statistically significant (p>0.05).
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Treatment of alcohols 5 and 12 with appropriate acid chlorides provided the corresponding ester de-
rivatives 6~11 and 13, respectively,

When tested in the carrageenin-induced rat paw edema assay, some of the title adamantane-spiro-pyrro-
lidine analogues showed anti-inflammatory activity (Table II). The twe most active compounds of this
series were the propionyl and an-hexadecanoyl esters 8 and 13, respectively, which when given orally
at doses of 50 mg/kg, reduced the edema by 37.5 and 20%, respectively. Under similar conditiens, in-
domethacin showed 30.6% Inhibition of edema at a dose of 4 mg/kg (oral administration). When compa-

red to its 2-carbonyl counterpart 6, the hydrogenated analogue 13 was the mere active of the two,

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover capillary melting point apparatus and are uncorrec-
ted. The infrared spectra were obtained on a Wicolet MX-1 FI spectrophotometer as KBr discs. The pro-
ton nuclear magnetic resonance spectra were taken on a Varian EM-360A (60 MHz) spectrometer using tet-
ramethylsilane as an internal standard. All spectra were consistent with the assigned structures,
Elemental analyses were within the acceptable limits of 0.4% of theory.
2—Methyl—S—-hydroxymethylspiro[isoxazolidine-B,2'-tricyclo[3.3.1,13’?]decane] (3; R = CHZOH)

Under a nitrogen atmosphere, 36,0 g (0.24 mol) of 2-adamantanone and 20,02 g (0.240 mol) of N-methyl-

hydroxylamine hydrochloride were dissolved in 600 ml of absolute ethanol. Sodium bicarbenate (21.1 g,
0.251 mol) was added and the resulting suspension was refluxed for 3 h. Upon cooling to ambient tem—
perature, the solvent was removed under reduced pressure leaving a crude sclid residue containing
2-adamantanone nitrene (1), The solld was suspended in 600 mi of toluene and filtered. Allyl alcohol
(2; R = CHZOH) (25 ml, 1.5 equiv} was added to the filtrate and the solution was refluxed under nitro-
gen atmosphere for 18 h. Upon cooling to ambient temperature, the solution was washed with water then
dried over anhydrous magnesium sulfate, and the solvent was removed under reduced pressure to give a
yellow oil which crystallized from ether-pentane (1l:1) affording 30.08 g (53%) of isexazolidine 3.
Reerystallization from pentane furnished a pure sample melting at 93-96 °C, Compound 3 was used in
the next step sithout further purificatiom.
2—Mel:hyl—S—methoxycarbonylspiro[isoxazolidine-3,2'-—-tricyclo[35331013’7Idecane] 3; r= COZCH3)

Compound 3 (R = COZCHB) was obtained by a procedure similar to tﬁat described in the above example by
replacing allyl aleohol with methyl acrylate (2; R = CDZCHB) « Recrystallization from methanol furni-
shed a pure sample melting at 166-170 °C, Yield - 19%.
2—Methyl-S-(methaneaulfanyloxy)methylspiro[isoxazolidine—B,Z'-tricyclo[3.,3,,1,13’7]decane] (3; R =
CH, 050, CH ,)

Under a nitrogen atmesphere, 6.02 g (25,4 mmol) of compound 3 (R = CHZOH) were dissolved in 75 ml of

anhydrous pyridine. The solution was cooled in an ice bath, then 10,0 ml (5.0 equiv) of methanesulfo-
nyt chloride were added dropwise over 15 min. The resulting yellow solution was stirred for 1 h at

3 °C, then for 2 h at ambient temperature. The reaction mixture was poured into water, then cautious-
1y neutralized with solid KZCO3 and extracted with methylepe dichloride. The organic layer was dried
over anhydrous magnesium sulfate and the solvent was removed under reduced pressure, Crystallization
from petroleum ether (bp 40-60 °C) gave 6.79 g (B5%Z) of compound 3, mp 88-90 °C, which was used in
the next step without further purificationq.

1-Methyl=-3=hydroxyspiro[pyrrolidin-2=-one-5,2"'=trieyclol3d 03.,1..13 ! T]decane] 3

Compound 3 (R = COZCH3) {8.16 g, 31 mmel) was dissolved in 200 ml of glacial acetic acid and hydroge-

nolyzed in a Parr apparatus at 2 atm over 0.8 g of 10%Z palladium-on-carbon catalyst, After 18 h, the

suspension was suction-filteved through celite, Vacuum evaporatiom of the solvent yielded a yellow
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o1l which was taken up in water, then made alkaline (pH 10} with 2 N sodium hydroxide and extracted
with chloroferm. The organic layer was dried over anhydrous magnesium suylfate and evaporated under

reduced pressure leaving 6.47 g {(B9%) of compound 3, mp 145-147 °C {ethanol}. Anal. Caled for

€y 45, N0,5 C, 7Lo46; H, 8.995 N, 5,95, Found: ¢, 71,73; H, 9.05; N, 5.95.
1-Methyl-3-n-hexadecanoyloxyspiro[pyrrolidin-2-one-5,2'-tricyclo[3.3.1. 13 ! ]decane] [6; R =
CO(CH, ), ,CH,]

Under a nitrogen atmosphere, 2.1 ml (1.5 equiv) of triethylamine and 3.63 g (l.l equiv} of palmitoyl
chloride were added to a solution of 2,82 g (12 mmol)} of pyrrolidinone % in 50 ml of anhydrous tet-
rahydrofuran. The mixture was stirred for 20 h at ambient temperature, then poured into ice-water

and extracted with ether. The organic layer was dried over anhydrous magnesium sulfate and the sol-
vent was removed under reduced pressure yielding an oily residue which was flash-chromatographed on
neutral silica gel (Kieselgel 60, 230-400 mesh) using a 19:1 mixture of methylene dichloride and me-
thanol as eluent. 3.64 g (64%) of ester § (R = CO(CHZ) 1&CH3] were obtained, mp 35.5-37.5 °C (pentane).
Anal. Calcd for C, H..NG.: C, 76.06; H, 10.B5; N, 2,96, Found: C, 76.15; H, 10.94; N, 2.80,

30751773°
1-Methyl-3-methylcarbonyloxyspiro[pyrrolidin-2-one-5,2"~tricyclo{3.3.1. 13 7 idecane] (7; R = COCH3)

Compound 7 was obtained by a procedure similar to that described for & by using acetyl chloride in
place of palmitoyl chloride, Crystallization from methanol-ether (1:19) provided an analytical sam-
ple, mp 146-149 °C. Yield -~ 43%, Anal, Caled for ClBHZSNOB: c, 69.29; H, 8.36; N, 5.05, Found: C,
69,33; H, 8,49; N, 5,04,
l—Methyl—3—ethnycarbonyloxyspirn[pyrrolidin-—Z—one—S,2'—tricyclo[3n301=13’?]decanel (8; r = COCZHS)

Pyrrolidinone 8 was prepared by a procedure similar to that described for 6 by substituting propio-
nyl chloride for palmitoyl chloride; mp 157-159 °C (2-propanol). Yield - 39%. Anal. Caled for

€y N0,z €, 70,075 H, 8.65; N, 4.8l. Found: C, 70,043 H, 8.77; K, 4,70,
l-Methyla3—phenylcarbonyloxy8piro[pyrralidin—Z—one-5,2'—tricyclo[3°3°1u13’?]decane] (9: R = COCEHS)

The 3-phenylcarbonyloxy analogue 9 was obtained by a procedure similar te that described for & by
using benzoyl chloride in place of palmitoyl chloride; mp 113-115 °C (2-propancl). Yield - 67%.
Anal. Caled for C21H25N03: C, 74,31; H, 7.42; N, 4,13, Found: C, 74.32; H, 7‘,72:;)’ 1;, 4,05,
1-Methyl-3-phenoxymethylcarbonyloxyspiro{pyrrolidin-2-one-5,2"-tricyclo[3,3.1.17"" }decane] (10; R =
COCHZOCGHS)

Derivative 10 was synthesized by a similar procedure as described for © using phenoxyacetyl chloride
in place of palmitoyl chloride; mp 129-132 °C (2-~propanol). Yield = 46%. pnal. Calcd for C22H27N04’
€, 71.52; H, 7.37; N, 3.79. Found: C, 71.563 H, 7.49; N, 3.74.

1-Methyl-3-cinnamoyloxyspiro[pyrrolidin-2-one-5,2"-tricyclo[3,3.1 ,13’7 ldecane] (11; R = COCH=CHCEH5)

Analogue 1l was made by a procedure similar to that described for & by substituting cinmamoyl chlo-
ride for palmitoyl chloride; mp 117-L19 °C {ethyl acetate). Yield - 55%. Anal., Caled for CZBHZTNOB:

€, 75.59; H, 7.45; N, 3.83. Found: C, 75.53; H, 7.58; N, 3,83,
1~Methyl-3-hydroxyspiro[pyrrolidine-5,2"'-tricyclo3.3.1, 13,7 Jdecane] (12)

Compound 3 (R = CH DSO2CH3) (10.6 g, 31.7 mmol) was dissclved in 90 ml of glaclal acetic acid and hyd-

2
rogenated over 1,0 g of 5% palladivm—on-carbon catalyst in a Parr apparatus at 40 psi, After 6 h, the

suspension was filtered and the solvent was removed under reduced pressure. The residual oil was dis-

solved in water, then made basilc with sclid KZCO and extracted with methylene chloride, The organic

3
layer was dried over anhydrous magnesium sulfate and the sclvent was removed under reduced pressure.
Crystallization from ligroin (bp 90-100 °C) gave 5,98 g (85%) of derivative 12, mp 90-92 °C. Anal.

Caled for C  Hy,NO: €, 75.97; H, 10.47; N, 6,33, Found: €, 76,023 H, 10,50; X, 6.30.

7
1-Methyl-3-n-hexadecanoyloxyspiro[pyrro}idine-5,2"-tricyclo[3.3.1, l3 ' ldecaned (13)

Compound 13 was prepared by treating the pyrrolidine alcohol 12 with palmitoyl chloride as described
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for 6; mp 50-53 °C (pentane), Yield ~ 44%. Aral, Calcd for ¢, H__NO

30HsaN0,: €, 78.37; H, 11.62; N, 3.05.
Found: C, 78.50; H, 11.56; N, 2.78,

REFERENCES

St. Georgiev, G. B. Mullen, and C. G. Acker, Heterocycles, 1986, 24, 751,
B. Mullen, V. St. Georgiev, and C. G, Acker, Heterocycles, 1986, 24, 1285,

a =

St. Georgiev, D, C, Coomber, and G. B, Mullen, Heterocycles, 1986, 24, 2571,

e q
@ o«
P

B. Mullen and V. St. Georgiev, Heterocycles, 1986, 24, 3441,

B, Mullen and V. St. Georgiev, Heterocycles, 1986, 24, 3447,

St, Georgilev, C. G. Acker, and C. R, Kinsolving, Heterocycles, 1987, 26, 469.

G. B. Mullen, P. A, Swift, and V. St. Georgiev, J. Pharm. Sei., 1987, 76, 930,

V. St, Georgiev, D. C, -Coomber, amd G. B, Mullen, Org, Mass Spectrom,, 1988, 23, 283,

=

N

a

W o s O P N
«
N

Jo ¥. Tufariello and J. P. Tette, J. Org. Chem,, 1975, 40, 3866,
J. J. Tufariello and G. E, Lee, Tetrahedron Lett., 1979, 4359,

b
= o
HEEN

This communication represents Part 15 of the series "Drug-Induced Modifications of the Immune
Response'. For Part 14 see: G, B. Mullen, D. M. Maryniak, L. A, Radov, L. A, Trusso, and V, St.
Georglev, Eur, J. Med. Chem., 1989, 29, in press,

— 983 —




