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Abstract.- d-(l-Adamantyl)+dicarbonyl compounds are prepared by the reactions of the 
Co(H) coaplexea of pdicarbonyl compounds with I-bromoadamsntane. This provides a 
route to the pmviously inaccessible 4-(l-adamantyl)-3,5_diaubstituted pyrazoles and 
iaoxazoles. 

Introduction.- 

Adaaantyl substituted heterocyclea have lately appeared frequently in the chemical literature (11, 

anticancer and antiviral properties being reported for one of them (ld). The I-adamantyl moiety 

confers special and biologically interesting properties (2) to the heterocyclic molecule due to its 

compact structure, volume and lipophilic character. 

Previously we have preliminary reported that alkylationa of P-dicarbonyl compounds by activation 

through their cobalt(II). cobalt(II1) and zinc(H) complexes offer clear advsntages over the clas- 

sical methoda for SNl active halides (3.4). 

It is well known that 1-halogenoaubstituted bridgehead compounds like I-bromoadamantane are very 

unreactive in nucleophilic substitution reactions. Different adamantyl intermediates euch as ion 

paim (51, radical anions (61, or siaple radicals (7) have been suggested in these reactions. 

Although 1-bromoadasantane and 1-iodoadsmantane react with nucleophiles in good yields by the SBNl 

mechanism (61, they fail to alkylate carbanionic nucleophilea euch as ketone enolate anions (9). 

1-Bromoadaeantane ti-alkylate carbonyl coxpounds via the corresponding eilyl enol ethers in the 

presence of Lewis acids (101, but this procedure has not been applied to P-dicarbonyl compounds. 

We wish to report hem full details for the alkylation, in preparative useful yielde, of several 

P-dicarbonyl compounds with 1-bromoadamantane through their Co(II) complexes. The usefulness of the 

obtained ti-(l-adamantyl)q-diketones, 1-5, as starting materials for l-adamantylsubstituted hete- 

rocyclic compounds is demonstrated by the preparation of several highly crwded 4-(l-adamantyl)- 

-3,6-dlaubatituted pyrazoles and isoxazoles, 6_12, accessible nor through our new methodology. 

Results and discusaion.- 

a.- Preparation of I-(l-adamantyl)-/-dicarbonyl cospounds: 

The a-(1-adamantyl+dicarbonyl compounds r-5, were prepared by reaction of the corresponding 

cobalt(X) /-dicarbonyl complexes with l-brorsoa damantane. The starting complexes were pmpared 

following standard literature methods (11.12). In Table 1, the yielda and physical constants of 

the obtained C-alkylated products are reported. The goneral conditions used uere mflux in chloro- 

benzene for 24-46 h. Attempted reactions in chloroform did not vork. Table 1 shows that products A, 

2 and 2 worn obtained in very high yielde considering the low reactivity of the alkylating agent. 
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Table 1. Reactiona of Co(II) Pdicarbonyl complexes with 1-bromoadamantane. 

PRODUCTS 

Al!!!.- Yield 

1 CH3 a3 81 

2 Ph CH3 89 

3 OEt CH3 38 

2 Ph Ph 80 

5 t-Bu t-Bu 31 

ELEMENT. ANALYS. 

?!e Calc. Found -- 

54 C: 76.86 76.55 
H: 9.46 9.76 

70 C: 81.04 81.07 
H: 8.16 8.32 

oil C: 72.69 72.41 
H: 9.15 9.55 

210-l C: 83.76 83.94 
H: 7.31 7.41 

141-2 C: 79.19 78.86 
H: 10.76 10.71 

II? c=o 

16BO(br) (KBr) 

1720, 1650 (KBr) 

1770-168O(br) (neat) 

1690, 1645 (KBr) 

1710, 1670(br) (KBr) 

Table 2. Preparation of five membered adamantyl substituted heterocyclea 

+ Ni$iId - 

PRODUCTS ELEMENT. ANALYS. 

!+zgz Condit. (X) MJ Calc. Found -- 

d CH3 CH3 H N EtOH refl., 220-l C: 78.21 77.89 
lh. (93) H: 9.63 9.82 

N: 12.16 11.99 
7 CH3Ph H N BtOH refl.. 237-8 C: 82.15 82.05 

lh. (92) H: 8.27 6.41 
N: 9.58 9.44 

s CH30HH N EtOH refl., 294-5 C: 72.38 72.44 
lh. (85) H: 8.68 8.89 

N: 12.06 11.79 
9 Ph Ph H N EtOH 1300, 250-l c: 64.71 64.68 

press., lh. H: 7.39 7.42 
(90) N: 7.90 7.74 

lo CH3 CH3 Ph N 140°, neat. 138-9 C: 82.31 82.15 
1.5h. (77) H: 8.55 8.73 

N: 9.14 9.05 
1 Ph Ph Ph N 140°, neat. 250-l C: 86.47 86.85 

1.5h. (71) H: 7.02 8.97 
Lz. CH3 CH3 - 0 EtOH refl., 95 c: 77.88 77.66 

24h. (70) H: 9.15 9.37 
N: 6.05 5.88 

2 P N, R’ 
I 
R3 

U.V. 

EtOH 

224 (4300) 

230 (7900) 

227 (4900) 

230 (13100) 

252 (9700) 

250 (17100) 

223 (3600) 
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The preparation of ethyl P-(1-adamantyllacetoacetate, 3, gave poorer results probably due to the 

fact that transition metal complexes of /-ketoesters are more unstable than those of P-diketones. 

Moreover, in the case of the product 5, strong steric hindrance is very likely to occur making 

this reaction more difficult. 
1 
H-NM spectra of compounds l-5 show only the dicarbonyl tautomera in agreement with the known - 

fact that substitution by bulky groups in the position shifts the equilibrium towards this tau- 

tomer. 

In Table 1 the infrared carbonyl absortions of products l-5 are also reported. Two absortion - 

bands can be clearly observed for 1 and 2, the absortion for 1 appearing as a broad band. Conside- 

ring the exclusive presence of the dicarbonyl tautomer, the observation of two carbonyl bands, one 

of them at extraordinary low frequency, points out to some coupling or to the presence of different 

rotamers. Both explanations, proposed in the literature for some malonate esters (151, involve the 

presence of fixed conformations. We have found this phenomenon to be quite general for other 

heavily d-substituted pentane-2,4-diones (161, and is currently being investigated. 

As previously noted, l-bromoadamantane reacts well with nucleophiles by the SkNl mechanism. Even 

though this sort of mechanism is very unlikely in chlorobenzene (171, we have tested the effect of 

added galvinoxyl (powerful radical scavenger) in the reaction between cobalt(II) bis(pentane-2,4- 

dionato) and I-bromoadamantane. No effect was observed suggesting that electron transfer (S&l and 

other radical processes were not operative in our reactions (considering always that the reaction 

does not occur inside the solvent cage). From these data, we consider more likely a polar mechanism 

similar to that reported for other known reactions of cobalt(II1 bis(pentano-2,4-dionato) with al- 

kyl halides (41. 

b.- Preparation of five-membered adamantyl substituted heterocycles: 

The a(-(l-adamantyl)-hdicarbonyl compounds prepared were used as starting materials for a series 

of previously unknown 4-(1-adamantyll-3,Cdisubstituted pyrasoles. The results are summar ixed in 

Table 2. 4-(l-Adamantyll-3,5-dimethylpyraxole, 6, 4-(l-adamantyll-5(3)-methyl-3(5)-phenylpyrazole, 

z* and 4-(l-adamantyl)-3(5)-hydroxy-5(3)-methylpyrasole, s* were prepared from the corresponding 

J-(l-adamantyll-$-dicarbonyl compounds and 80% hydrasine hydrate in refluxing ethanol. 4-(l-Ademan- 

tyll-3,5_diphenylpyrazole, 2, needed stronger conditions and the reaction was carried out at 130° 

in a sealed tube. 4-(l-Adamantyll-3,5-dimethyl-1-phenylpyraxole, lo. and 4-(l-adamantyll-1,3,5-tri- 

phenylpyrazole, 11, were prepared from excess phenylhydraxine at 140° without solvent. The yields 

were good in all cases considering the steric crowding. Finally, using hydroxylamine, 4-(l-adaman- 

tyll-3,Cdimethylisoxasole, 12, was prepared in a fair yield. Attempts to prepare 4-(l-adamantyll- 

-3.5-di-tert-butylpyrazole were unsuccessful in all the tested conditions, even in a sealed tube at 

140-150° and buffered medium (NaAcO/AcOH). Neither the monohydrasone nor the bishydrasone could be 

detected, indicating that steric hindrance precluded the initial attack on the starting 5, which 

was always recovered unaltered. 

In Table 2. the W spectra in ethanol of all the prepared five membered heterocycles are shown. 

Comparison of these values with those described in the literature for other substituted pyrazoles 

(181 indicate that no pyraxole ring deformation exists in any case and that the phenyl groups in 

C-3 and C-5 are not fully conjugated with the pyrasole ring, probably due to a non planar conforma- 

tion of the polycyclic syatem. This fact is confirmed by analysis of the 
1 
H-NMR spectra of 2 and 

2. In these two products the absortion corresponding to the adamantyl protons is shifted upfield 

($1.3-1.8) compared with those of the other products (11.6-2.1), indicating that at least one of 

the phenyl groups at C-3 and C-5 is out of the plane of the pyrasole ring. 
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Cobalt(I1) bis(pentane-2.4-diONto) was coNercial1y available. Cobalt(I1) bia(l-phenylbutane-1,3- 
dionato) (11). cobalt(I1) bis(l.3-diphenylpropane-1,3-dionato) (12). cobalt(II) bis(ethylacetomce- 
tate)(l3) and cobalt(I1) bia(2,2,6,6-tetramethylhsptane-3,5-dionato) (14) were prepared according 
to literature methods. 

3-(1-Adamantyl)pentane-2,4+lione, L.- 
A aolution of 2.00s (7.78 ~01) of cobalt(I1) bis(pentane-2.4-dionato) and 3.3412 (15.56 Sol) of 
I-bromoadamantane i. 60 ml of chlorobenzene UN refiuxed for 24 h. The reaction mixture was pa&i- 
tioned between chloroform and water. The organic layer was dried and evaporated. The resulting oil 
wN chromatographed through a silica gel column with dichloromethane ae elE?nt to afford 2.96p 
(81%) of 1, r.p. 540 (frca hexane). Ir(K8r): 2900, 2840, 1680 (broad) cm . PlIR (CCCl,):6 
1.5-2.1(15H), 2.13(s, 6H), 3.34(s, 1H). CKK (CDCl ): 
NS: m/e 234(#,6), 135(75), 92(22), 79(20), 43(1(X?. 

6 28.5. 37.2, 36.5, 38.2, 40.3, 78.2, 203.9. 

1-Phenyl-P-(1-adNantyl)butane-1,3-dione, 2.- 
8ame procedure N for 1. starting from c&alt(II) bis(l-phenylbutane-1,3-dionato). Product 2 had 
a.p. ,70° (from hexane~~ Ir(KBr):>890, 2840, 1720, 1650 cm".- PMH(CDC1 ): 6 1.5-2.1(15H), 2.?1(s, 
3H), 4.38(s, lH), 7.4-8.1(m, 5H). QuI(CDC1 ): 6 28.7, 31.2, 36.6, 3838, 40.6, 71.8, 92.3, 128.2, 
128.6, 133.1, 138.9, 196.7, 202.9. NS: m/e s%(M,S), 135(21), 105(100), 77(69), 53(51). 

Ethyl 2-(1-adamantyl)G+-oxobutanoate, 3.- 
Same procedure as for 1, starting fro; the cobalt(I1) complex of ethyl acatoacetatellProduct 2 was 
a liquid, b.p.0 170-S Toven temp.)/4 ramHg. Ir(film): 2900, 2840, 1770_168O(broad) cm PMH(CDC1): 
d l.l9(t, 38). 1.5-2.1(15H), 2.15(1x. 3H), 3.09(s, lH), 4.08(q. 2H). ClUl(CDC1 ): d 14.0, 2835. 
31.7, 36.6, 40.0, 60.5. 70.0, 168.4. 202.6. US: m/e 264(M,7), 135(100). Sl(22). 43(38). 

1.3-Diphenyl-2-(1-adatyl)propane-1,3-dione, s.- 
Same procedure aa for A, 
Product 4 had m.p. 

starting from the cobalt(I1) complex of 1,3-diphenylp_fopane-1,3-dione. 
210-l. (from methanol). Ir(KSr): 2880, 2840, 1690, 1645 ca . PlfH(CDC1 ):J 

1.5-2.1(15H), 5.45(s, lH), 7.3-8.1(m, 1OH). C!Cl(CDCl3):6 27.9, 36.2.37.4, 39.8, 128.0, 928.6, 
133.0, 138.0, 194.6. MS: m/e 358(W,2), 105(1OC), 77(59). 

4-(l-Ademantyl)-2.2,6,6-tetramethylheptane-3,5-dione, 5.- 
Same procedure as for I, starting from the cobalt(IIY complex of 2,2,6,6-tetramethylhaptane-3,5- 
-dione. The reflux was keg! in this cNe for 48h. Product 2 had m.p. 141-2O (from hexane). Ir(KSr): 
2910, 2845, 1710, 1670 cm PliH(CDC1 ):J 1.2(s, lffl), 1.52.1(15H), 4.70(s. 1H). CH9(CDC13):d 
27.7, 28.9, 36.5. 41.4, 44.;. 45.3, 63.4, 207.8. MS: m/e 316(W,4), 135(100). 57(46). 

4-(1-Adamantyl)-3,5_dimethylpyrazole, e.- 
A mixture of 0.350 (1.30 Sol) of 1, 6 ml of ethanol and 1 ml of Soy hydraxine hydrate was kept at 
room temperature for 15 minutes and then refluxed for 1 hour; it was finally left overnight and 
poured over 50 ml of brine. The mixture was extracted with dichloromethane. The organic solution 
wae washed, dried and evaporated, and the residue was recrystallized from chlo_ljoform-hexane to 
afford 0.328 (92%) of 2, m.p. 220-lo. Ir(K8r): 3500-25OO(broad), 29%. 2840 cm . pwR(CDC13):~ 
1.6-2.1(15H), 2.37(s, 6H). MS: m/e 23l(W+1,6), 23004,48), 173(100), 41(22). 

4-(1-AdamaN.yl)-3(5)-methyl-5(3)-phenylpyrazole, 7.- 
Same procedure as for 6, starting fromz. Pro&ct 7 had m.p. 237-8O (from chloroform-hexane). 
Ir(K8r): 3300-25OO(broad) ,29%, 2840 cm PMH(CDC1 )T d 1.5-2.1(158). 2.37(s, 3H), 7.30(s, 5H). 
MS: m/e 293(&1,21), 292(W,70), 236(20), 2;5(100), lg5(26), 77(31). 

4-(l-Adamantyl)-3(5)-hydroxy-5(3)-methylpyrazole, 8.- 
Same procedure a8 for 2. startiq1from 3. Produc-8 had m.p. 294-5O (from ethanol). Ir(KBr): 3360, 
3200-24OO(broad). 2900, 2840 cm ~tcfl7DmSO-d ):d 1.5-2.1(15H), 2.18(9, 3H). 3.29(broad 6, 2H). 
MS: m/e 233(M+l,lO), 232(M,35). 175ilOO), 135(d), 93(25), 91(24), i'Q(32). 77(22), 41(34). 

4-(l-Adamantyl)-3,54iphenylpyrazole, z.- 
A mixture of 0.368g (1.0 mmol) of 4, 2 ml of 80% hydrazine hydrate and 10 ml of ethanol was kept at 
1300 for 17 hours in a eealed tube: 
9. E.P. 

~n cooling, a white eolid separated which was zparacterised as 
250-lo (fn chlorofomhexane). Ir(K8r): 350&26OD(broad). 2880, 2830 Cm . WR(DWO-d6~ 

:1.27-1.80(15H), 7.4(s, 1OH). MS: m/e 355(#+1,26). 354(1,92), 298(28), 297(l%), 77(32)* 41(23). 

4-(1-Adamantyl)-3.5dimethyl-1-phenylpyraaole, lo.- 
To a solution of 0.35g (1.5 mmol) of 1 in 10 ml of chloroform, 0.162g (1.5 mmol) of freshly dia- 
tilled phenylhydrazine were added. Th; solvent was completely evaporated and the oily residue was 
heated at 140° for 1.5 houra. The residue was then chromatographed through a silica gel column with 
dlchloromethane. After recrystallization fm_9 thanol-water, 0.354g (77lb) of 10 were obtained exhi- 
biting m.p. 138-90. Ir(K8r): 2890, 2630 cm . PN(CDC1 ): d 1.6-2.2(15H),2,35(e, 3H), 2.45(s, 
3H), 7.38(a, 5H). MS: m/e 307(1(+1,17), 306(16,67). 252(22): 249(100), 212(20), 77(31). 

4-(1-Adamantyl)-1,3,Etriphenylpyrazole, G.- 
Same procedure as for E,l starting from 5. Product 11 had m.p. 250-la (from ethanol-water). 
Ir(K8r): 2890. 2840 cm . PMQ(CDC1,): d 1.3-l.Q(l5HT. 7.00-7.%(lSH). MS: m/e 431(M+1.40). 
43O(W,98), 373(100). 87(44). 3 - 



Metal compkxea in organic syotlmi3 4257 

4-(l-Adaslantyl)-3,5_dimethyliaoxazole, g.- 
A solution Of 0.35g (1.5 mmO1) Of 1, O.llg (1.58 mmol) of hydroxylamine hydrochloride and 7Ihag 
(1.75 mmol) of NaOH in 8 ml of et&o1 and 1 ml of vater was heated at rsflux for 2 hours. This 
solution was then poured into 50 ml of brine and extracted with dichloromethane. The organic layer 
was washed. dried and evaporated. The solid residue was recrystallized from hexane to afford 0.24~ 
(70%) of k, m.p. 95O. ir(KBr): 2890, 
2.46(s, 3H). NS: m/e 231(M,46), 174(46), 
43(100), 41(35). 
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