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Abstract. The reaction conditions for the conversion of 6- tolylsul-fonyl)oxy]-17-noratisan-18-oaté), were convert-
endotosyloxybicyclo[2.2.2]octan-2-on& ) into 6excac-  ed,in comparable yields, as previously recorded, but much
etoxy Bb) and 6-exabenzoyloxybicyclo[2.2.2]octan-2-one shorter times, intoX)-(IRS6SR8SR11SR)-11-(benzoyloxy)
(8a), respectively, were improved. Thus knoweitdotosy-  tricyclo[6.2. 2.0-§dodecan-9-one2), 13-methyl-15-0xo0-
loxy-bicyclo[2.2.2]octan-2-onest}- (1IRS6SR8SR11RS- 9B,13p3-ethano-B-podocarpan-1a-yl benzoate 4), and
11-[(4-toluenesulfonyl)oxy]tricyclo[6.2.2'@]dodecan-9-one  methyl (13)-13-(benzoyloxy)-16exo-17-noratisan-18-oate
(1a), 13-methyl-15-ox0-8,13b-ethano-8-podocarpan-12 (6), respectively.

yl-4-toluenesulfonate3g), and methyl (1R)-16-0x0-13-[(4-

Some years ago, in the frame of the syntheses of the OR oTs
diterpenes (+)-18-deoxystemarin [1a] and (+)-methyl o
trachyloban-18-oate [1b], we reported the conversion ‘
of 6-endatosyloxybicyclo[2.2.2]octan-2-oneka, 3a a
and5 into 6-exobenzoyloxybicyclo[2.2.2]octan-2-ones
2, 4 and6, respectively.
These conversions were achieved — slightly modify- R eTe 50 ReTs ]
ing a method previously described for acyclic [2a, 2b, ;, .4 3 R=H
3] and cyclic secondary alcohols [2c, 3] — by refluxing
for about 24 hours, in the presence of tetraethylammo-
nium benzoate (TEAB) [5], solutions @& and3ain
acetone and d in THF. In the same paper, we pointed Phcoo acoPh PhCoo
out the importance of this conversion, in that it enlarges o 0&
the number of available substituted bicyclo[2.2.2]octan-
2-ols and thus that of compounds obtainable from them "
by solvolytic rearrangement of suitable derivatives [8]. 1 g
Despite several known procedures for the inversion of :
configuration of secondary alcohols, based on the trans- 2 4 6
formation of the hydroxyl group in a better nucleofuge
[9], they were not applied to this class of compounds,
probably because of the above mentioned tendency to o E
(0]

rearrangement of 2-leaving group substituted bicyclo-
[2.2.2]octanes. An inversion methodology for such a
class of alcohols would have been very advantageous
in previous natural products syntheses [7, 8i]. Aiming
to overcome this difficulty, we hypothesized [1a] that a

carbonyl group adjacent to the bridgehead C-atom, sucta R=H R'= CH; 8a R=PhCO
as in 6endehydroxybicyclo[2.2.2]octan-2-ones, the 72 R=Ts R o RZhe
major products of the acid catalyzed intramolecular al7g R=phco R =H B

dol condensation of 3-oxocyclohexaneacetaldehydeg R=Ac R'=H

1) Presented as a preliminary communication at XXIV Convegno Nazionale Divisione di Chimica Organica, Salerno (ltaly),
Sept. 21st-25th 1997, Abstract Book, p 27.
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[10, 11], might have prevented the development of and at a 1/4 substrate/salt ratio. Owing to the reduced
positive charge on that C-atom and thus the rearrangsolubility, as compared to acetone, of TEAB and TEAA
ment [12]. Since @xchydroxybicyclo[2.2.2]octan-2- in THF and benzene, the experiments reported in en-
ones might equilibrate, through a retroaldol-aldol reactries 5~ 8 were carried out only with TBAB [16] and
tion, with theirendoepimers and since this equilibrium TBAA [17]. The recorded reaction times show a de-
is shifted towards the latter epimer [7, 10, 15], we lookegendence upon the tetraalkylammonium cation and the
for a nucleophile, such as the carboxylate ion, whiclsolvent.
would have provided a protected hydroxyl group at C(6), The experiments described in entries 18 allowed
locking in this way the ketol system. also to ascribe a less effective role to the carboxylate
We wish now to describe an improvement of this prodion. Those reported in Table 1, entries-912, were
cedure, which resulted in a dramatic shortening of thearried out in the attempt of further reducing the reac-
reaction time. A well defined experimental protocol istion times; as expected, an acceleration of the inversion
also reported. process and a solvent effect paralleling that reported in
entries 5 8 was observed when the reactions were
_ _ performed with TBAB and TBAA in THF and benzene,
Results and Discussion respectively, at a OM. salt concentration and at a 1/4
) ) ] ) substrate/salt ratio. Finally, we ascertained that compa-
The experiments we carried out are summarized in Tample results can be obtained also at lower substrate/salt
bles 1 and 27b, the simplest @ndotosyloxybicyclo  ratios and that toluene can be used as the solvent in-
[2.2.2]octan-2-one, was chosen as a tool. stead of benzene (Table 1, entry 11). When these condi-
Four tetraalkylammonium carboxylates were usedijions were applied to known éadetosyloxybicyclo-
the already mentioned TEAB, tetraethylammonium acef2 2 2]octan-2-onesa, 3aands (Table 2), we were able
tate (TEAA), tetrabutylammonium benzoate (TBAB) t obtain the corresponding epimeeixocarboxylates

and tetrabutylammonium acetate (TBAA). All reactionsp [1a], 4 [1a] and6 [1b] in comparable yields but in
resulted very clean and provided in excellent yields comp,ch shorter reaction times.

poundsBa or 8b, depending on the salt used.
CompoundgaandSb were identical to the products Table 2 Inversiqn reactions with TBAB on substituted
prepared from @xchydroxybicyclo[2.2.2]octan-2-one  §-endotosyloxybicyclo[2.2.2]octan-2-onés

(8¢) [10, 15€] by the action of benzoyl chloride and ace-entry substrate product conversion
tic anhydride in pyridine, respectively; besi@swas time (min)
different from7d, the benzoyl derivative @ic[10],and 1 la 2 30

7efrom 8b, the acetyl derivative dafc. g ga g ég

The experiments reported in Table 1, entries 8,

were carried out at reflux at a OMSalt concentration 2 All reactions were carried out in benzene at reflux. Isolated yields
ranged from 83 to 90%. Salt concentration ) .4ubstrate/TBAB
ratio = 1/4.

Table 1 Reactions of7b with tetraethyl and tetrabutylam- i o
monium carboxylates in various solvefjts The above reported results are, in our opinion, of gen-

eral interest, since the conversion oéitdehydroxy-

t Ivent It duct i . . . - . .
ey solven sa produe tinfgrz\rfi;s)'on bicyclo[2.2.2]octan-2-ones into their epimeric esters is
I v TEAD) ” 1320 a process sought also by other authors as well as the
5 acelone TEA%) 8b 1140 nucleophlllcbd|spllatcement by means of tetraalkylam-
3 acetone TBAB) 8a 420 monium carpoxylates.

4 acetone TBAA) 8b 450

5 THF TBABPY) 8a 50

6 THF TBAAD) 8b 45 Financial support by Ministero dell’'Universita e della Ricer-

57; ggﬂ;ggg %ﬁ% gg 58 ca Scientifica e Tecnologica (MURST 60% and 40% (Co-fin
9 THE TBAB 9 8a 30 1998) is finally gratefully acknowledged.

10 THF TBAAC) 8b 30

11 benzene TBAB9 8a 12 .

12 benzene TBAK) 8b 15 Experimental

3All reactions were carried out at reflux. Isolated yields ranged from Al fi ied out und ¢ h .
84 to 90%.Y) Salt concentration = 0.08; 7b/salt ratio = 1/4. reactions were carricd out unger an argon atmosphere in

%) Salt concentration = OV 7h/salt ratio = 1/4.9) When this reac- @ carefully flamed glassware. All solvents were dried over

tion was performed with 1/2 and 17b/salt ratios, the conversion ~Standard drying agents and distilled just before use. TEAA
was complete after 12 min and 30 min respectiv@lyfthe same  (Aldrich), TBAA and TBAB (Fluka) were used as such. Be-
result was obtained performing this experiment in toluene at 80 °Cfore TEAB became commercially available (Fluka), it was
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Synthesis of @xoAcetoxy and GexoBenzoyloxybicyclo[2.2.2]octan-2-ones PROCEDURES/DATA

prepared according to [18]. Reactions were monitored by TLQR7.2, 34.4, 43.5, 47.5, 68.6, 128.6, 129.7, 130.3, 133.3, 165.9,
on 60-F 254 silica gel and visualized by spraying the TLC214.0. — EI-MS: 244 (M).

plates with a 8 H,SO, solution followed by heating, or pour- C;5H;40; Calcd.: C73.74 H6.61

ing the TLC in anJchamber. Column chromatography was (244.3) Found: C74.04 H6.61.

performed using silica gel 60, 70—230 mesh ASTM. Elemen,, :
tal analyses: EA 1110 CHNS-O analyzer, Carlo Erba Instru® ?exo—AcetoxyblcycIo[Z.Z.2]octan-2-o(8b)
ments. IR Spectra: Perkin EImer-298 and Shimadzu-470 scafil- — IR (CCl): v/iem-t = 2950, 1739, 1251, 1230. —
ning infrared spectrophotometers, inémH and3C NMR ~ *H NMR (CDCL): dppm = 1.50-1.85 (m, 4H), 2.05 (s, 3H),
spectra: Varian-Gemini 200 instrument, in CR@in ppm ~ 2.10-2.30 (m, 5H), 2.50—-2.60 (m, 1H), 5.00-5.10 (m, 1H).
rel. to internal MgSi (= 0 ppm),J in Hz. GC-MS analyses: —**C NMR (CDCL): dppm = 16.7, 21.2, 24.1, 27.3, 34.3,
Hewlett Packard 5890 gas chromatograph equipped with 43-6, 47.6, 68.0, 170.2, 213.7. — EI-MS: 182]M

HP 5971A mass selective detector. C10H1403 Calcd.: C65.90 H7.75

The preparations of tosylatés, 3a, 5 have been previously (182.2) Found: C66.18 H 8.08.

described [1a, 1b].
[ ) 6-endo-Acetoxybicyclo[2.2.2]octan-2-o(i&)

6-endo-Tosyloxybicyclo[2.2.2]octan-2-0(#b) To a stirred soln. ofc (100 mg, 0.71 mmol) in pyridine

To a stirred soln. ofc [10, 15€] (500 mg, 3.57 mmol) in (2 mL), acetic anhydride (0.9 mL, 0.9 mmol) was added. The
pyridine (2 mL), cooled to 0 °C, TsCl (945 mg, 4.96 mmol) Mixture was stirred overnight.,8 (1 mL) was then added;
was added. The reaction mixture was stirred for 24 h at thaafter 10 min. of additional stirring, the whole was taken up
temperature. KO (1 mL) was then added. After additional With EtO (30 mL) and poured into a separatory funnel; the
10 min stirring, the whole was taken up with,@t 0rg. layer was then washed witk RBICI, H,0, NaHCQ sat.

(50 mL) and poured into a separatory funnel. The org. layepoln., HO (till neutral), brine, dried (N&Q,) and evapora-
was washed withlHCI, H,0, NaHCQ sat. soln., KO (till ted. The residue was purified by silica gel column chroma-
neutral), brine, dried (N8O,) and evaporated. The residue tography (petroleum ether 40—-70°G/&f 1:1) to giverein
was purified by silica gel column chromatography (petrole-90% yield. TLC (petroleum ether 40—70°G/B12:8):R; (7€)

um ether 40—70 °C/ED, 1:1) to giverh in 79% yield. TLC >R (70). 0il. - IR (CC): vicmt = 2950, 1738, 1251, 1229.
(petroleum ether 40—70 °CHE1, 2:8):R; (7b) > R (7¢).  —*H NMR (CDCL): dppm = 1.45-1.80 (2 m, 4H), 1.91 (s,
m.p. (benzene/hexane): 127.5-128.5 °C. — IR ((:cl 3H), 2.10-2.25 (m, 5H), 2.44 (4~ 3, 1H), 5.05-5.12 (m,
vicm-l= 2950, 1735, 1384, 1182.1H NMR (CDCL):  1H). =13C NMR (CDCk): dppm = 19.9, 21.0, 23.4, 27.4,
dppm = 1.40—1.90 (m, 5H), 2.10—2.35 (m, 4H), 2.35-2.5033.8, 44.2, 46.6, 70.9, 170.0, 213.2. — EI-MS: 182)(M

(m, 4H), 4.95 (m, 1H), 7.33 (XX' of AA'XXJ = 8.2, 2H),  CigH1403 Calcd.: C65.90 H7.75

7.75 (AA' of AAXX', J = 8.2, 2H). —13C NMR (CDCk):  (182.2) Found: C65.70 H7.84.

dppm =20.2,21.7, 23.3, 27.6, 34.3, 44.3, 47.3, 78.6, 127.7,

129.9, 134.0, 144.9, 211.2.

C,H.0,S Caled: C6121 H6.17  S10.87 References

(294.4) Found: C61.08 H®6.14 S 10.55.

Preparation of 8a and8b (General Procedure) [1] a) M. Berettoni, R. Marini Bettolo, V. Montanari, T. Prenci-
pe, S. Romeo, Helv. Chim. Acfi®d91, 74, 1671; b) M. Be-

A 25 mL double necked round-bottom flask, equipped with a rettoni, G. De Chiara, T. lacoangeli, P. Lo Surdo, R. Marini

reflux condenser, argon inlet and magnetic stirring bar, con- Bettolo, L. Montagnini di Mirabello, L. Nicolini, R. Scar-

taining a 0.1 solution (7 mL) of the suitable tetraalkylam- pelli, Helv. Chim. Actal996 79, 2035

monium carboxylate in the desired solvent was dipped into[2] @) J- Steigman, L. P. Hammett, J. Am. Chem. 3887 59,

an oil bath pre-heated to the solvent reflux temperature. After ifn%éﬁé n’i- Ssgcle'g’é'gss‘;r éj(rsszT 3- AW("’:"S&;;BRD \Ali\cl)ggl ;r-’ J.
reflux started/b (50 mg, 0.17 mmol) was added while stir- J. Am. Chem. Sod 965 87, 3122 d) R. Baker, J. Hudec, K.
ring; the resulting mixture was refluxed until all the starting

. ; . L. Rabone, J. Chem. Soc. (€969 1605; e) B. L. Murr, J.
material had been consumed. The reaction mixture was then o conkling, J. Am. Chem. Sod97Q 92, 3462; f) C. J.

cooled to r.t. and diluted withJ&@ (5 mL); the org. layer was Kim, H. C. Brown, J. Am. Chem. Sot972 94, 5051; g) D.
separated and the aqueous one extracted wild Ex x M. Floyd, G. A. Croshy, N. M. Weinshenker, Tetrahedron
20 mL). Combined org. extracts were washed with brine and Lett. 1972 3265; h) E. J. Corey, S. Terashima, Tetrahedron
then dried (NsSO,). After solvent removal under reduced Lett. 1972 111; i) H. Maskill, J. Am. Chem. Sot976 98,
pressure and silica gel column chromatography (petroleum  8482;)) S. J. Cristol, R. M. Strom, J. Am. Chem. S&8Q
ether 40—70 °C/EO, 7:3), compound8a (or 8b) were ob- 102, 5577; k) R. W. Binkley, J. Org. Chet091, 56, 3892;
tained, in yields ranging from 84 to 90%. TLC (petroleum %G' Casiraghi, P. Spanu.‘ G. Rassu, L. Pinna, F. Ulgheri, J.

o v rg. Chem1994 59, 2906; m) A. G. M. Barrett, D. C. Brad-
ether 40-70 C/EO’ 1'1)'Rf (8a) > R (8b) > R (7b). dock, R. A. James, N. Koike, P. A. Procopiou, J. Org. Chem.
6-exo-Benzoyloxybicyclo[2.2. 2]octan-2-ofé) [3] &g?e? 6<;3£h(3e2r7t§traalk lammonium carboxylates [2d-m] and
oil. = IR (CCly): viem= 3100, 2960, 1725, 1696, 1281, tetraélkylammoniumysalts [4] were used ¥o this end.

1101. —1H NMR (CDCL): d/ppm = 1.60—-2.35 (2 m, OH), [4] a) N. Afza, A. Malik, W. Voelter, Z. Naturforsch984, 39h
2.70—-2.80 (m, 1H), 5.25-5.40 (m, 1H), 7.35-7.70 (m, 3H), 840; b) R. W. Binkley, D. J. Koholic, J. Carbohydr. Chem.
8.00-8.20 (m, 2H). 13C NMR (CDC): dppm = 16.7, 23.9, 1984 3, 85; ¢) G. Cainelli, F. Manescalchi, G. Martelli, M.
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(5]

(6]
[7]
(8]

(10]

(11]
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Panunzio, L. Plessi, Tetrahedron Let@85 3369; d) G.
Cainelli, D. Giacomini, M. Panunzio, G. Martelli, G. Spun-
ta, Tetrahedroi985 41, 1385

As a matter of fact, we had previously obtaiddom ketol

1b by the Mitsunobu procedure [6] by which, however, we
were unable to convert ket8b into 4. A similar result was

later reported by Mori and Matsushima [7], whose attempts[13]

to convert the @&ndehydroxy-1-methylbicyclo[2.2.2]octan-
2-one7ainto the corresponding éxo-benzoate, by the same

methodology, were also unsuccessful. [14]

O. Mitsunobu, Synthesit981, 1

K. Mori, Y. Matsushima, Synthesi993 406 [15]

a) W. Herz, R.N. Mirrington, H. Young, Y.Y. Lin, J. Org.
Chem.1968 33, 4210; b) R.B. Kelly, J. Eber, H.K. Hung,
Can. J. Cheml973 51, 2534; c) R.B. Kelly, J. Eber, H.K.
Hung, J. Chem. Soc. Chem. Commii@873 689; d) K. Wi-
esner, T. Y. R. Tsai, K. Huber, S. E. Bolton, Tetrahedron Lett.
1973 1233; e) K. Wiesner, T. Y. R. Tsai, K. Huber, S. E.
Bolton, R. Vlahov, J. Am. Chem. Sdak974 96, 4990; f) M.
Przybylska, T. Y. R. Tsai, K. Wiesner, J. Chem. Soc. Chem.
Comm.1975 297; g) K. Wiesner, Chem. Soc. R&9.77, 6,
413; h) K. S. Atwal, R. Marini Bettolo, |. H. Sanchez, T. Y.
R. Tsai, K.Wiesner, Can. J. Chet®78 56, 1102; i) R. B.
Kelly, M. L. Harley, S. J. Alward, Can. J. Chef®8Q 58,

755; j) S. P. Sethi, K. S. Atwal, R. Marini Bettolo, T. Y. R. [16]

Tsai, K. Wiesner, Can. J. Chei®8Q 58, 1889; k) E. E. van
Tamelen, J. G. Carlson, R. K. Russell, S. R. Zawacky, J. Am.

Chem. Soc1981 103 4615; I) D. Bravetti, R. Marini Betto-  [17]

lo, A. Lupi, Helv. Chim. Actal982 65, 371; m) R. Marini
Bettolo, P. Tagliatesta, A. Lupi, D. Bravetti, Helv. Chim. Acta
1983 66, 760; n) R. Marini Bettolo, P. Tagliatesta, A. Lupi,

D. Bravetti, Helv. Chim. Actd983 66, 1922; 0) R. B. Kel-  [18]

ly, M. L. Harley, S. J. Alward, R. N. Rej, G. Gowda, A.
Mukhopadhyay, P. S. Manchand, Can. J. Ch£®83 61,
269; p) E. E. van Tamelen, S. R. Zawacky, R. K. Russell,
J.G. Carlson, J. Am. Chem. SA©83 105, 142; q) A. Lupi,

M. Patamia, I. Grgurina, R. Marini Bettolo, O. Di Leo, P.
Gioia, S. Antonaroli, Helv. Chim. Acti984 67, 226

[12] The conversion ayn7-bromonorbornan-2-one aisgn7-

tosyloxynorbornan-2-one inmti 7-chloronorbornan-2-one
andanti 7-acetoxynorbornan-2-one, respectively, was also
described [13]. Recently, to the carbonyl group in these sys-
tems a role in facilitating the displacement of the nucleofuge
was ascribed [14].

a) J. T. Lumb, G. H. Whitham, Chem. Conit866 400; b)

P. G. Gassmann, J. L. Marshall, J. M. Hornback, J. Am. Chem.
Soc.1969 91, 5811

J. J. Nash, T. Waugh, H. Morrison, Tetrahedron L1188
6449

a) R. A. Bell, R. E. Ireland, Tetrahedron LetB63 269;

b) R. W. Guthrie, A. Philipp, Z. Valenta, K. Wiesner, Tetra-
hedron Lett.1965 2945; c) R. W. Guthrie, Z. Valenta, K.
Wiesner, Tetrahedron Lett966 4645; d) R. A. Bell, R. E.
Ireland, R. A. Partyka, J. Am. Chem. S&866 31, 2530;

e) K. Mori, Y. Nakahara, M. Matsui, Tetrahedrb@72 28,
3217; f) K. Wiesner, T. Y. R. Tsai, K. Huber, S. Bolton, Tet-
rahedron Lett1973 1233; g) R. B. Kelly, J. Eber, H. K.
Hung, Can. J. Chert973 51, 2534; h) K. Mori, E. Nagano,
Biocatalysis199Q 3, 25; i) A. Bartoletti, M. Berettoni, F.
Catteruccia, G. De Chiara, R. Marini Bettolo, C. Mastrange-
li, R. Scarpelli, C. Tozzi, D. Lamba, Gazz. Chim. 18896

126 223

From an experimental point of view, because of its handling
ease, being a crystalline solid, TBAB represents the best
choice.

An acceleration of the inversion process with TBAA, chang-
ing acetone for benzene, was already described in the course
of the preparation oéxonorbornyl-2J-acetate fromende
norbornyl-2l-brosylate [2e].

M. Nojima, S. Hasegawa, N. Tokura, Bull. Chem. Soc. Jpn.
1973 46, 1254

B. M. Trost, I. Fleming in Comprehensive Organic Chemis- Address for correspondence:
try, Vol. 6; Pergamon Press; Oxford 1991, pp. 18-22, andProf. Dr. R. Marini Bettolo
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BOX n. 34 ROMA 62

This method is very often used for the preparation of|‘00.185 Roma, ltaly
bicyclo[2.2.2]octane systems. For a series of representativ&@X: Internat. code 39 06 49913750

examples see ref. [1] in [10].
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