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Abstract - The synthesis of two novel adanwtane-spim-aaetidin-2-one systems, the 

G e t i d i n - ~ - o n e l i , ~ +  3,~')-tricyclo[3.j.i~i'#71decanesl (7-10 and Q, 

respectively), is described. 

Recently '", we have described the preparation of a novel ad-tane-spim-heterocyclic system, 

the spim [~.4.5,6-tetrahydm-i,4oxaein-~-one-6,2'-tri~y~1o~~.~.1.i~'~~decane~ (I and 2). men 

tested for anti-inflammatory activity, derivative 2, at an o r d  dose of 50 m$kg, elicited a 
2 27.s (p< 0.05) inhibition of the c-eenin-induced rat pax edema . 

In this communication we wish to report the synthesis of a number of novel adamantane-spim-8- 

lactam derivatives, the spirn[a~etidin-2-one-ri,2~(011 3,2')-tricyclo[3.3.i.i3'7]de~ane~l 2-% and 2. 
Thus, Grigm2-d reaction of 2-adanantanone (2) with temylrqnesium halide provided the corresponding 
2-beneyl-tricyclo[3~3.i 9i3'73decan-~-01 (4.1 R'= C6H5). Alternatively, a sinilar treatment of spi- 

ro[oxirane-2,2'-tricycl0[3.3.i.1~'~]deoanel (5) with pmethaxyphenylmagnesim bmrnide yielded the 
2-(pmetho~henyl)-methyltricy~1~[3.3.1.13'7]decan-2-ol ( 4 . 8  R'= pM OC H ). Dehydration of com- 

3 6 4  
pounds 3 led to the preparation of the corresponding methylem analogs 6. Cycloaddition reaction of 
compound 6 (kti= C H , p B f l  C H ) with chlorosulfonyl isocyanate 3-5'8 pmvided in a regiospecifie 6 5 2 6 4 
rimer the N-chlomsulfanyl-adamantane-spim-aeetidin-2- compound 2. Conversely, the condensation 
of Z-(2-methoxyphenyl)-methy1ene-tri~y~1~~3.3.1.13'7ldecane (68 R'= pM OC H ) with chlomsulfonyl 3 6 4  
isocyanate gave rise to the i-c~amsulfanyl-~-(~metho~henyl)-spim[a~etidin-2-one-3,2'-trioyclo- 

[3.3.i.i3'71decanel (9).  Reductive dechlomsulfonylation of derivatives 2 and 9 f-ished the B-lac- 

tam analogs 8 and 10, respectively (Scheme I). 



Scheme I 

4 R': H.C,H,.e-CH,C,H,, - 
P-CH,OCIH, 
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In another synthetic approach to the preparation of spim[aeetidin-Z-oneA.2'-tricyc1~~3.3.1.1~~~]- 

decanes], treatment of N-rnethyladanantanyl nitrone (2) with methyl cmtonate (12) gave rise to the 
spiro[isoxazolidine-~,22-tricy~1~[333.1.13~7jde~anel ester Q. Catalytic hydmgenation of the latter 

resulted in a ring opening to provide the aminoalcohol ester e. Subsequent treatment of compound 
with eihyha@nesium bmmide f-ished the l-nethyl-j-(,-hydm~ethyl)-spim[aeetidin-2-one-4,2'-tri- 

cycl~[j.~.i.i~'~]de,,e~ (2) (Scheme 11). 

The stereochemical relationship between the hydmgens at C-3 and C-3' of the 0-lactan derivative 2 
is determined by the stereochemical relationship between the hydrogens at C-4 and C-5 of the isoxa- 

eolidine precursor Q 6 .  It is well h o r n  that 1.3-dipolar cycloaddition of nitrones xith olefins 

proceeds with retention of the configuration of the latter, that is,tz-1.2-disubstituted olefins 

such as 2 will give eA.5-disubstituted isoraaolidines such as 9. Indeed, the cycloaddition of 
methyl cmtonate (12) and nitmne produced exclusively the isoxaeolidine derivative as evi- 

denced by the h-NMR s p e c b .  The hydmgenolysis of compound Q and the subsequent ring closure 

furnished the 0-lactan derivative 2; no other stereoisomer of compound 2 :,was detected. 

The synthesis of spiro[aeetidin-2-oneA,2'-tricyclo[3.3.l.l3"ljdecanel (16) and its N-chlomsulfonyl 
analog 17 was reported previously by Sasaki et al. 8 
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Scheme I I 
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Melting points xere determined on a Thomas-Hoover capillary melting point apparatus and ace uncor- 

rected. The infrared (IR) spectra were obtained on a Nicolet MX-I FT spectrometer as KBr discs. The 

'H nuclear magnetic resonance (NMR) spectra were taken on a Yarian M-360.4 (60 me) spectrometer 
using tetcamethylsilane (Me Si) as an internal stand&. All spectra were consistent with the assig- 4 
ned structures. 

1 2-(~henyhethyl)tri~y~1o~3~3.1.1~~~lde~an-2-l (21 R = C H ) 
6 5 

Beneylma@esiwo chloride was prepared by reacting knuyl chloride (37.0 m l ,  0.32 mol) with maeesium 

turnings (8.50 g, 0.35 mol) in 125 m l  of anhydrous ether (under nitrogen atmosphere). Then, a solu- 

tion of 2-admantanone (2) (24.03 g, 0.16 mol) in 250 ml of anhydrous ether was added gradually over 

a period of 1 h. The resulting suspension was s t i d  at m o m  temperatwe for 18 h, and then was 

quenched by cautious addition of 200 ml of 2 N hydmchlorio acid. The organic layer was separated, 

washed with water, then dried over anhydmus magnesium sulfate and the solvent evaporated under m- 

duced press- to leave, after clystalliration from pentane, 32.47 g (84%) of derivative 4 (R'= 
c~H~), mp 58-60%. 

The 2-meth~ltric~clo[3.3.1.1~'~ldecan-%ol (2: R'= H) and the ~(proethylphenyl)-methyltriny~- 

lo~3.3.1.1~'~ldecan-2-01 (2: R'= p M  C H ) were prepared according to the preceding pmcedure. 

The spim-oxirane-2.2'-tricyclo[~.3.?lg~'] decane (5)  was prepared by the method of Fkcqiu 9. 

2-(pMetho-eny 1 - l)-me~ltricyclo[3.3~l,l~~~]de~an-2-0l (4: R = pCH 3 OC 6 4  H ) 
A reaction of pmethomhenyl bromide (14.2 ml, 0.11 mol) with magnesium turnings (2.70 g, 0.11 mol) 

in 80 ml of anhydrous ether (under nitrogen atroosphere) pmvided the corresponding pmethowphenyl- 

magnesium bomide. To this, a solution of epoxide 5 (17.4 g, 0.10 mol) in 100 ml of anhydmus ether 

was added at 0% over a period of 40 nin. me resulting suspension was stirred at m o m  tempenture 

for 2 h, and then was quenched by .lox addition of 1 9  m l  of 1 5  hydrochloric acid. The organic 

layer vas dried over anhydmus m e s i u m  sulfate and the solvent was removed under reduced pressure 



1 
yielding 27.2 g (lorn) of compound 2 (R = pM OC H ) as an oil which was flash-chmmatographed on 3 6 4  
silica gel using heme-ethyl acetate (3:i) as an eluent. 

1 
2-~ethylenetrio~clo~3,3.l.l~~~lae~ane (6 R = H) 

A ~ohtion of Z-methyltricyclo~3.3.1.13'71deoan-2-ol (2; R1= H) (5.0 g, 0.03 mol) and ptoluene- 

sulfonic acid nonohydrate (0.58 g. 0.003 mol) in 60 ml of toluene was refluxed for 1 h (with sepa- 

ration of water), then cooled to ambient tmpeatune and washed sequentially with water and satura- 

ted aqueous sodim chloride. Zhe solvent was evaporated under reduced press- leaving 2.90 g (65%) 
10 

of derivative 6 (R'= H) , mp 72-75% (methanol). 
2-(~henyl) -methylenetricycla[3.3~111337jde~ane (61 R1= C6H5) 

1 
~eri~ative 6 (R = C H ) was prepared accoFllng to the procedure of Keul li, starting xith 2-benuyl- 5 
tricyclo[3.j.1.l3'$decan-2-01 (2: R1= c 6 H 5 ). Mp 28.>3ooc (methanol) (lit. mp 30'~). 

2-(p-~etho~hsnyl)-nethylenetdcyclo~~.3.1.1~'~3decane (61 R1= p-M OC H ) - 
1 3 6 4  

Derivative 6 (R = pM OC H ) m s  prepared according to the procedure of Keul li, starting with 3 6 4  
2-(pmethowhmyl)-nethy1triv~1~ j3.3.l .13'7jdecan-2-ol (2: R1= pM OC H ) . Oil. 

1 3 6 4  
2-(p~ethyl~henyl)-methy1enet~icy~1~r~.~.1.13~73decane (6: R = pM C H ) - 

1 3 6 4  
Derivative 6 (R = pM C H ) was prepared according to the pmcedure of Kevl starting with 

3 6 4  
2-(pme~lphenyl)-methyltri~y~1o[~.~.l.l3'7!decan-2-ol (i: Ri= p-M C6H4). Mp 55-57'~ (methanol). 

~(p~romomethyl-phenyl)l-methylenetdcyclo~3,3~1113'7lde~ane (61 R% p B r M  C H ) 
1 A solution of 1.65 g (6.9 mol) of 2-(pmethylphenyl)-me~1enetricy~1~~3.3.1~1'~'ldecane (6: R = 

E-CH C H ), 1.30 g of N-bmmosuccinimide and 0.09 g of h m y l  peroxide in 20 ml of carbm tetrachlo- 
3 6 4 

ride was refluxed for 4 h, then cooled to ambient temperature and filtered. The filtrate was washed 

sequentially xith 5% aqueous sodium bicarbonate and water, then dried over anhydroui magnesium sul- 

fate and flash-chmmataqaphed on silica gel using heme-ethyl acetate (9.5:0.5) as an eluent. De- 
1 rivative 6 (R = pBrCH2C6H4) (1.42 g; 65%) wbs obtained following recrystallieation from acetone, 

mp 48-5zoc. 
l-Chlomsulfonyl-Fpheny1~pimCaeetidin-2-oneli.2~-tri~~1o[~.~.1.1~'~3decanei (2: $= H) 

Under a nitmgen atmosphere, a solution of 2-(phenyl)-methylenetri~~~10[3.3.1.1~'~]decane (24.5 g, 

0.109 mol) in 75 ml of ether was added dmpuise over a period of 20 mi" to an ice-cold solution of 

ohlorosulfonyl isocyanate (15.0 ml, 0.172 mol) in 250 ml of ether. The reaction mixture was stirred 

in ice-bath for 8 h and then at mom tmperature for 90 h. Following the addition of pentane, the 

resulting precipitate was filtered off. After recrystallhation from ether, 21.5 g (68%) of compound 

2 (F?= H) were obtained; mp 96-101~~. 

IR (KBr), 1810 uo-' (Leo). 'H-NNR (CDC1 ) .  S= 0.9-2.8 (cm, 14H. 5 x ring M2 and 4 x cing M), 4.32 
3 3 '  

(s, Ui, C -H), 7.37 (m, 9, ammatic), 
l-Chlomsulfanyl-~(p-bmm0me~1~henyl)spiolazetidin-2-ane-4,2~-tri~y~1oI~.~.1.1~'~~decane~ (2; 
R ~ =  pBrCH2) 

Derivative 2 (F?= ~ B ~ C H ~ )  was prepared according to the preceding procedure, starting from 2-[(p- 

bromomethylphenyl)] -nethylenetric~clo[3.3.i.1~'~ldecane (61 R1= p B r C X  ) and cNorosvlfony1 isocya- 
2 

nate. Np. 85-93'~ (decomp.) (ether-pentane, lrl). 

'H-NMR ( C E ~  ) i  6= 0.9-2.90 (cm, 14H, 5 x ring M2 and 4 x ring M), 4.29 (a, Ui, c~-H), 11.45 (s, 
3 

24, CHpr), 7.33 (m. 4H, ammatic). 
l-~nlomsulfonyl-~-p-methoxyphenyl-spim~aeetidin-2-one-~,2'-tric~clo[~.~.l.i~'~~decane~ (9) 
Derivative 9 m s  prepared accofiing to the pmcRiure described for the synthesis of compound 2 
(R3= H), starting from 2-(p-metho~phenyl)-methylenetri~c10~3~3.1.1~'~jdecane (61 R1= pa OC H ) 
and chlomsulfonyl isocyanate. Np 128-IYI'C (decomp .) (ether-pentane, 11 1). 

3 6 4  

IR (KB~)! 1798 on-' (00). 'H-NMR (CDC~ )s 6= 0.9-2.7 (em, lki, 5 x ring M2 and 4 x ring M ) ,  3.80 
3 
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4 
(s, Y, M30), 4.91 ( a ,  lH, C -H), 7.13 (m, 4H, aromatio). 

~-Phenylspimia~etidin-2-0ne-~,2~-tri~~10[3~3.1~1~~~jdecane (81 R3= H) 
A 20$ aqueous solution of sodium sulfite (700 ml) was added dropvise over a period of 45 "in to a so- 

lution of 2 (R3= H) (16.95 @) " 250 m1 of tetrahydrofuran. During the ddition the pH of the 
reaction mixture was maintained at 7-8 by the dmpwise addition of 200 m l  of 1% aqueous potassium 

hydroxide. The reaction mixture was stirred vigornusly at ambient temperature for an additional 2 h, 

followed by addition of ether. The organic layer was separated, dried over anhydmus magnesium sul- 

fate, then evaporated under reduced pressure to give 11.31 g (91%) of cornpound 8 (R3= H) as white 
gl-anules, mp 218-221'~ (ethyl acetate). &I&. Calcd for Ci8HZ1NO: C, 80.86; H, 7.92; N, 5.24. Found: 

C, 80.a; H, 8.18; N, 5.23. 

IR (KB~), 3200 (NH), 1746 an-' (PO). 'H-NEIR (CDC~ ) :  6= 0.50-3.20 (a, l4H. 5 x ring M and 
3 2 

4 x ring M), 4.15 ( 5 ,  IH, c3-~), 6.10-7.75 (m, 3, aromatic), 8.05 (k, lH, Mi). 
ZI(E-~mmomethyl)-phew1spim~aeetidin-2-one~,2~-~icyclo[~.~.1.13~7~decane (81 R3= pBrCH2) 
Derivative - 8 (R3= p-BrCH ) was prepared acco~iing to the preceding pmcedure, starting from i-chlo- 2 
rosulfonyl-~-(ptaomomethyl)-phenylspimlasetidin-2-one-4.2'-tri~y~1~ [3.3.1.13'71decanel (2: R3= 
B~CH~). Mp 198-200~~ (ethyl acetate). a. Calcd for Cl+lZ2BrNO: C, 63.34; Hp 6.15; Br, 22.18; N, 

3.89. Found: C, 63.06; H, 6.12; Br, 22.55; N, 3.53. 
1 IR (KB~): 3220 (NH), 1789 omi (c=o). H-m ( c m  ) ,  S= 0.9-2.46 (cm, 14H, 5 x ring m2 and 

3 
4 x ring M), 3.98 ( 8 ,  IH, c3-~), 4.M ( s ,  M ,  M2Bc). 7.14-7.38 (m, 4HP ammatic), 7.73 (ts, iH, Mi). 

4-(2-~etho~henyl)-spirn[aeetidin-2-~ne-~322-tri~y~1~[3~33111337lde~ane (10) - 
DeriMtive 10 w a s  prepared according to the procedure described for the synthesis of compound 8 (R3= 
H), starting fmm l-chlomsulfonyl-4-E-meth~~hewl-spimlazetidin-2-one-~,2'-tri~clo~3.3.1.13'7j- 

decane] ( 9 ) .  Mp 179-180% (ethyl acetate). m. Calcd for Cl+l2$O2: C, 76.74; H, 7.79; N, 4.71. 

Found: C, 76.82; H, 7~74; N. 4.55. 
1 

IR (KBr); 3190 un- (NH), 1727 cm-I (FO). 'H-NNR (CDC1 ) .  S= 0.90 (m, M ,  2 x ring CH), 1.10-2.33 3 '  4 
(cm, 1M, 5 x ring CH2 and 2 x ring CH). 3.70 ( s ,  y, M30), 4.30 (s, 1H, C -H), 6.60-7.9 (rn, 4H, 

ammatic). 8.15 (ts, UI, NH). 

3-(4-~ormylphenyl)-~P~Caeetidin-2-one-4,22-t~i~Y~1o[3,3,l.l337jde~ane (8: R ~ =  4-MO) 

~-(p~mmomethylphenyl)-spim[azetidin-2-~ne-2'-trioyclol~.~.l.13'7~de~anel (8; R3= pBrCH2) (4.63 
g, 12.8 mol) was added under nitrogen atmosphere to a suspemion of 1.20 g of sodium bicarbonate in 

55 m l  of anhydrous dimethyl sulfoxide, and the reaction mixtuce was stirred at 120'~ for 4 h. Fol- 

lowing cooling to ambient temperature, the reaction mixture was poured into ice-water and extracted 

with chlomform. The organic extract was dried over anhydrous sodium sulfate and the solvent was re- 

moved under reduced pressure, followed by flash chromatography of the oily residue on silica gel 

using heme-ethyl acetate (2:l) as an eluent. Puce derivative 8 (R3= LMO) (1.16 g; 31%) was obtai- 

ned. Np 209-212'~ (decamp.) (ethyl acetate). &I&. Calcd for C18H21N02: C, 77.28; H, 7.17; N, 4.74. 

~oundr C, 76.N; H, 7.35; N, 4.67. 
1 IR (KBr), 3240 cm-l (NH), 1739 oni (FO), 1700 cnil (C=O). H - m  (CDC1 ) I  S =  0.80-1.50 (n, M ,  2 x 

3 
ring M). 1.60-2.30 ( a ,  1 M ,  5 x ring M2 and 2 r ring CH). 4.07 (s, IH, M), 7.65 (m, 9, ammatic 
and NH), 10.03 (s, IH, MO). 
Methyl 2.5-Dimethyl-spim lisoxazolidins-3.2'-tri~yc10[3.j.l.1~'~jdecane]-~carbolrylate (12) 
A solution of N-methyladamantany1 nitmne (g )  [prepared by reacting 36.09 g (0.24 nal) of 2-adaman- 
tanone, 20.63 g (0.247 mol) of N-nethylhydro~lmine hydrochloride and 20.79 g (0.247 mol) of sodim 

bicarbonate in 600 ml of ethanol] and methyl crotonate (2) (50 nl, 2.0 equivalents) in 600 r o l  of 

benzene was refluxed for 20 h. The dark-colored reaction mixt- was cooled to morn temperature and 

then m h e d  sequentially with xater and saturated aqueous solution of sodium chloride. After drying 



over anhybmus W e s i u m  sulfate, the solvent was removed under reduced presswe leaving 22.91 g 

(9%) of derivative 2, mp 123-IW'C (methanol). g. Calcd for C16H2$i03: C, 68.79; H, 9.02; N, 

5.01. Found: C, 69.06; H, 9.23; N, 4.98. 
1 IR (KB~): 1722 cn" (GO). H-NXR (cml 6= 1.25 (d, 3, J= 6 He, CH-M ), 1.40-2.75 (cm, i4H. 

3 -34 
5 x ring M2 and 4 x ring CH), 2.80 (s, p(, NM~), 2.85 (d, 1H, J= 5 He, C -H), 3.60 (s, pi, CO M ), 

2 3 
4.50 (no lHI g-CH3). 

Methyl u-(i-~ydml~yethyl)-2-methy1min0-tri~y~10i3~3.i~i~~~3de~ane-2-aeetate (3) 
Compound Ij: (9.99 g, 0.0% mol) in 200 ml of glacial acetic acid was hydmg-ated over 1-06 g of pal- 

ladium-on--ton in a P- apparatus at 45 psi. After % h the reaction mixtvre was filtered thmugh 

celite and the solvent was removed under reduced press- to yield 10.10 g (10%) of compound 2 as 
colorless oil. The conesponblng hydmchloric salt of derivative 9 was crystallized fmm methanol 
and melted at 193-198% (decamp.). g. Calcd for Cl6H~CLNO3r C. 60.44; H. 8.88; C1. 11.15; N, 

4.41, Found: C, 60.82; H, 8.71; C1, 11.26; N, 4.36. 

IR of g.HC1 (KB~): 1725 wo" (00). 'H-NMFT (CDC1 ) I  6= 1.15 (a, 3, J= 6 He, CH-CH ), 1.40-2.40 3 -3 
(cm, 14H, 5 x ring CH2 and 4 x ring CH), 2.60 ( 6 ,  pi, NCH ). 3.00 (d, 1H, J= 10 Hz. C+c02M3), 3.a 3 
(s, 34,  C02MJ), 3.90-4.60 (bo, pi, C&-M , 0 5  NH_). 3 
l-flethyl-~-(orhydmxyethyl)-spimlauetidin-2-one-4.~~-tri~y~1~l3.3.1.13~71decanel (G) 
Ethylmagnesium bmmide (3 N solution in anhydrous ether) (22 ml, 4.0 equivalents) *as added at -20'~ 

and over a period of 35 min, to a solution of 4.68 g (16.6 mol) of ester in 75 nl of anhydmus 

tetrahydrofuran. A precipitate was formed during the addition. The ceaotion mixture was warmed to 

mblent temperature and stirred for an additional 4 h, then cooled in an ice-tath and quenched 
cautiously with 50 ml of saturated aqueous ammonium chloride. Following the addition of rnethylene 

chloride and uater, the argdnio layer uas =shed sequentially with water and saturated aqueous so- 

dium chloride, then dried over anhydmus magnesium sulfate and the solvent evaporated under reduoed 

press- to give, after recrystallization f m n  ether-heme, 1.36 g (3%) of compound 2, mp 131- 
132'~. g. Calcd for C1f2+ro2: C, 72.25; H, 9.30; N, 5.62. Found: C, 72.42; H, 9.49; N, 5.58. 
IR (KBr): YIOli cnji (OH), 1717 (00). 'H-NNR (cml ) r  6 =  1.46 (d, 3, J= 6.5 He, M-E3), 

3 3 1.9-2J+1 (M, 1 9 ,  -1 hydmgsns), 2.76 (dl IH, J= 7.0 Hz, C -H), 3.10 (s, 3H, NM3), 4.14 (m, 
iH, E-CH ). 

3 
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