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Adamantane derivatives were constructed by the one-pot
reaction of ethyl 2,4-dioxocyclohexanecarboxylate with 2-phen-
ylethyl 2-(acetoxymethyl)acrylate or 2-(acetoxymethyl)-1-
phenyl-2-propen-1-one via domino Michael reactions and a
Dieckmann condensation or an aldol-type reaction (four-bond
formation). This is the first one-pot construction of adaman-
tane derivatives from cyclohexanone derivatives not involv-
ing enamines.

The unique structural features of the adamantane
framework have fascinated chemists over the years.!
Since adamantane derivatives are rather chemically and
thermally stable, they have long been utilized as experi-
mental probes? of stereoselectivity in nucleophilic, elec-
trophilic, and cycloaddition reactions. There are also
derivatives that are either already applied in the treat-
ment of some human diseases or promising candidates
for such use.? Furthermore, adamantane derivatives have
recently found numerous applications in material sci-
ence.*

Adamantane derivatives have been synthesized by the
ring-closing procedure,>® the skeletal rearrangement of
other polycyclic hydrocarbons,” and derivatization of
readily available adamantane compounds.® The ordinary
ring-closing method for constructing the adamantane
skeleton would be the ring closure of bicyclo[3.3.1]-
nonanones,® which requires several steps from readily

* To whom correspondence should be addressed. Tel: +82-82-424-
7432. Fax: +82-82-424-0747.

(1) (a) Fort, R. C., Jr.; Schleyer, P. v. R. Chem. Rev. 1964, 64, 277
and references therein. (b) Bingham, R. C.; Schleyer, P. v. R. Fort.
Chem. Forsch. 1971, 18, 1.

(2) (a) Kaselj, M.; Chung, W.-S.; le Noble, W. J. Chem. Rev. 1999,
99, 1387 and references therein. For some recent examples, see: (b)
Gonzalez-Nuiez, M. E.; Royo, J.; Castellano, G.; Andreu, C.; Boix, C.;
Mello, R.; Asensio, G. Org. Lett. 2000, 2, 831. (c) Knoll, W.; Bobek, M.
M.; Kalchhauser, H.; Rosenberg, M. G.; Brinker, U. H. Org. Lett. 2003,
5,2943. (d) Chu, J.-H.; Li, W.-S.; Chao, I.; Chung, W.-S. Tetrahedron
2004, 60, 9493.

10.1021/j0051163e CCC: $30.25 © 2005 American Chemical Society
Published on Web 09/15/2005

Note

available material. However, it has also been shown that
enamines® of monocyclic cyclohexanone derivatives can
furnish adamantanes in an elegant cascade manner.
We have been interested in the synthesis of biologically
active polycyclic polyprenylated acylphloroglucinols and
have recently developed a method for the one-pot con-
struction of the bicyclo[3.3.1]nonanone core by successive
Michael reactions of 2-cyclohexenone derivatives and
acrylates.? In the course of the examination, we found
that when ethyl 2,4-dioxocyclohexanecarboxylate 1 was
used as the substrate, adamantane derivatives were
formed by four-bond formation in one-pot via domino
Michael reactions and a Dieckmann condensation or an
aldol-type addition. The details are reported in this paper.
Initially, the stepwise Michael reactions of readily
available ethyl 2,4-dioxocyclohexanecarboxylate 119 with
acrylates 2a,b'! were examined (Scheme 1). Treatment
of the cyclohexadionecarboxylate 1 with acrylate 2a (1.0
equiv) in the presence of Et;N as a base gave mono-
Michael adduct 3a in 67% yield. In an attempt to obtain
a bicyclo[3.3.1lnonanedione derivative, a solution of the
monoadduct 3a in CH;Cl; was refluxed using Et;N as a
base. However, the monoadduct 3a was unreacted, prob-
ably due to enolization at C3. The reaction of monoadduct
3a with another equivalent of acrylate 2a furnished a
mixture of bis-alkylated 4a and 5a in 57% combined yield
(in a ratio of 1:1.8). Intramolecular Michael reactions of
the mixture of 4a and 5a in the presence of Et3N did not

(3) For some recent examples, see: (a) Jasys, V. J.; Lombardo, F.;
Appleton, T. A.; Bordner, J.; Ziliox, M.; Volkmann, R. A. J. Am. Chem.
Soc. 2000, 122, 466. (b) Stamatiou, G.; Kolocouris, A.; Kolocouris, N.;
Fytas, G.; Foscolos, G. B.; Neyts, J.; De Clercq, E. Bioorg. Med. Chem.
Lett. 2001, 11, 2137. (c) Stylianakis, I.; Kolocouris, A.; Kolocouris, N.;
Fytas, G.; Foscolos, G. B.; Padalko, E.; Neyts, J.; De Clercq, E. Bioorg.
Med. Chem. Lett. 2003, 13, 1699. (d) Vennerstrom, J. L.; Arbe-Barnes,
S.; Brun, R.; Charman, S. A.; Chiu, F. C. K,; Chollet, J.; Dong, Y.; Dorn,
A.; Hunziker, D.; Matile, H.; McIntosh, K.; Padmanilayam, M.; Tomas,
J. S.; Scheurer, C.; Scorneasux, B.; Tand, Y.; Urwyler, H.; Wittlin, S.;
Charman, W. N. Nature 2004, 430, 900.

(4) For some recent examples, see: (a) Pasini, D.; Low, E.; Fréchet,
J. M. J. Adv. Mater. 2000, 12, 347. (b) Radhakrishnan, U.; Schweiger,
M.; Stang, P. J. Org. Lett. 2001, 3, 3141. (¢) Li, Q.; Rukavishnikov, A.
V.; Petukhov, P. A.; Zaikova, T. O.; Jin, C.; Keana, J. F. W. J. Org.
Chem. 2003, 68, 4862. (d) Li, Q.; Jin, C.; Petukhov, P. A.; Rukavish-
nikov, A. V.; Zaikova, T. O.; Phadke, A.; LaMunyon, D. H.; Lee, M. D;
Keana, J. F. W. J. Org. Chem. 2004, 69, 1010.

(5) For some recent examples, see: (a) Ayres, F. D.; Khan, S. I;
Chapman, O. L.; Kaganove, S. N. Tetrahedron Lett. 1994, 35, 7151.
(b) Itoh, H.; Kato, I.; Unoura, K.; Senda, Y. Bull. Chem. Soc. Jpn. 2001,
74, 339. (c) Shibuya, M.; Taniguchi, T.; Takahashi, M.; Ogasawara, K.
Tetrahedron Lett. 2002, 43, 4145.

(8) (a) Stetter, H.; Thomas, H. G. Angew. Chem., Int. Ed. Engl. 1967,
6, 554. (b) Hickmott, P. W.; Suschitzky, H.; Urbani, R. J. Chem. Soc.,
Perkin Trans. 1 1973, 2063.

(7) For some examples, see: (a) Amir-Ebrahimi, V.; Rooney, J. J. J.
Chem. Soc. Chem. Commun. 1988, 260. (b) Farooq, O.; Farnia, S. M.
F.; Stephenson, M.; Olah, G. A. J. Org. Chem. 1988, 53, 2840. (c) Olah,
G. A.; Wu, A.-h,; Farooq, O.; Prakash, G. K. S. J. Org. Chem. 1989,
54, 1450. (d) Navratilovd, M.; Sporka, K. Appl. Catal. A 2000, 203,
127.

(8) For some recent examples, see: (a) Ishizone, T.; Tajima, H.;
Matsuoka, S.; Nakahama, S. Tetrahedron Lett. 2001, 42, 8645. (b) Lee,
G. S.; Bashara, J. N.; Sabih, G.; Oganesyan, A.; Godjoian, G.; Duong,
H. M.; Marinez, E. R.; Gutiérrez, C. G. Org. Lett. 2004, 6, 1705. (c)
Oshita, M.; Chatani, N. Org. Lett. 2004, 6, 4323. (d) Maison, W.;
Frangioni, J. V.; Pannier, N. Org. Lett. 2004, 6, 4567.

(9) Takagi, R.; Nerio, T.; Miwa, Y.; Matsumura, S.; Ohkata, K.
Tetrahedron Lett. 2004, 45, 7401.

(10) Steiner, U.; Willhalm, B. Helv. Chim. Acta 1952, 1752.

(11) Villieras, J.; Rambaud, M. Synthesis 1982, 924.

J. Org. Chem. 2005, 70, 8587—8589 8587



JOCNote

SCHEME 1
C(OR
o ACO/W ( ) I o
CO,Et R g CO,Et
2 2a,b (1.0 equiv) ©CZ 2
—_—
(o) Et3N, CH2C|2, rt
1 ) 3a,b
equiv

a: R = OCH,CH,Ph 3a: 67%
b: R = Ot-Bu 3b: 63%

mixture of 4a and 5a: 57%
mixture of 4b and 5b: 85%

2_CO,CH,CH,Ph

EtzN, CH,Cly
—i
reflux
o}
6
34% yield
SCHEME 2

ACO/W]/C(O
a: R = OCH,CH,Ph

2ac c:R=Ph

Etozc CocHCHPh O i
2 2 2 0 Ph
ha® " Ph

single diasteromer
7 (from 2c)

EtsN, CH20I2

6 (from 2a)

proceed at room temperature. However, when the reac-
tion mixture was refluxed, the adamantane derivative 6
was obtained in 34% yield, via an intramolecular Michael
addition (4a: C3 to C10; 5a: C1 to C10) followed by
spontaneous Dieckmann cyclization (C5 to C6). Other
conditions (K2CO3, TBAB, toluene; NaH, THF) examined
for the intramolecular Michael reaction did not give the
expected adamantane derivative.

The domino Michael reactions of 1 with acrylate 2b
(2.0 equiv overall) also gave a mixture of the bis-alkylated
4b and 5b in 54% yield over two steps (in a ratio of 1:1.3).
However, the subsequent intramolecular Michael reac-
tion did not proceed, and the mixture of the bis-alkylated
4b and 5b was recovered. Thus, the Michael reaction for
forming the bicyclic ring system seems to be sensitive to
structural factors.

Having succeeded in obtaining adamantane derivatives
in sequential reactions, we decided to attempt the whole
process in a one-pot reaction using cyclohexadionecar-
boxylate 1 with acrylates 2a,e (Scheme 2, Table 1). First
of all, bis-alkylation was examined with 2a. Treatment
of 1 with acrylate 2a (2.0 equiv) at room temperature
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TABLE 1. One-Pot reaction of 1 with Acrylates 2a,c

yield
product (%)

2a (2.0 equiv), EtsN, a mixture of 95
rt, 1 day 4a and 5a

2a (2.0 equiv), EtsN, 6 63
rt, 1 day, then
refluxed, 1 day

2¢ (2.0 equiv), EtsN, 7 78
rt, 1 day

entry substrate conditions

1 1

2 1

SCHEME 3

o Aco/j]/COZt-BU
CO,E
2b (2.0 eq)
Sl EtsN, CH,Cl, 5

O COEt

£+BuO,C COptBu,  tBUOLC Q

* £BuO,C CO,Et

0]
0o

for 1 day gave a mixture of 4a and 5a in 95% yield in a
ratio of 1:1.7 (entry 1). Next, the full process was
investigated. Subsequent refluxing for 1 day of a mixture
of 4a and 5a prepared similarly provided the adamantane
derivative 6 in 63% yield (entry 2). The one-pot procedure
afforded a better yield of the adamantane product than
the three-step method.

The domino Michael reaction using o,f-unsaturated
ketone 2¢'? as the Michael acceptor (entry 3) proceeded
smoothly at room temperature to give adamantyl deriva-
tive 7 in 78% yield as a single diastereomer.

One-pot bis-alkylation of cyclohexadionecarboxylate 83
with acrylate 2b was also examined (Scheme 3). How-
ever, the reaction failed, probably due to self-condensa-
tion of the cyclohexadionecarboxylate 8 and/or alkylated
cyclohexadionecarboxylate.

In conclusion, adamantane derivatives 6 and 7 could
be constructed by the one-pot four-bonds formation
reaction of the cyclohexadionecarboxylate 1 via domino
inter- and intramolecular Michael reactions and ensuing
Dieckmann condensation or aldol-type reaction. This
procedure, which does not use enamines, serves as a very
efficient variant of Stetter’s cascade method® to produce
highly functionalized adamantanes.

Experimental Section

Typical Procedure for One-Pot Construction of the
Adamantane Derivatives: Preparation of 6. To a mixture
of cyclohexadionecarboxylate 1 (119.3 mg, 0.56 mmol) and
acrylate 2a (278.5 mg, 1.12 mmol) in CH2Cl; (1.2 mL), was added
EtsN (0.62 mL, 4.45 mmol). The reaction mixture was stirred
at room temperature for 1 day and then refluxed. After 32 h,
the reaction mixture was cooled to room temperature and
quenched with satd NH4Cl solution. The resulting mixture was
extracted with CH2Clg. The combined organic layer was washed
with HyO and brine, dried over NagSOy, filtered, and evaporated.
The resulting residue was purified by column chromatography
(SiOg, hexane/EtOAc 1:1) followed by recycling HPLC to give
adamantane derivative 6 (164.2 mg, 0.35 mmol, 63%): yellow
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1964, 29, 787.



oil; Ry = 0.83 (SiOy, CH3Cly/MeOH 10:1); 'H NMR (500 MHz,
CDClI3) 0 1.11 (s, 3 H), 1.13 (s, 3 H), 1.31 (t, J = 7.0 Hz, 1 H),
1.69 (dt,J = 3.4,13.4 Hz, 1 H), 1.95 (dd, J = 2.7, 13.4 Hz, 1 H),
2.54 (dd, J = 3.1, 14.6 Hz, 1 H), 2.67 (dt, J = 3.4, 14.6 Hz, 1 H)
2.75—2.78 (m, 1 H), 2.94 (dd, J = 0.6, 14.3 Hz, 1 H), 2.98 (t, J =
6.7 Hz, 2 H), 3.01 (dd, J = 0.6, 14.3 Hz, 1 H), 3.16 (d, J = 1.5
Hz, 1 H), 4.25 (dq, J = 7.0, 15.8 Hz, 2 H), 4.26 (dq, J = 7.0, 15.8
Hz, 2 H), 4.37 (t, J = 6.7 Hz, 2 H), 5.93 (dt, J = 0.6, 1.5 Hz, 1
H),6.33(d,J = 1.5 Hz, 1 H), 7.19—7.30 (m, 5 H); 13C NMR (125
MHz, CDCly) 6 14.1, 21.3, 25.9, 27.3, 35.0, 36.3, 37.5, 43.5, 43.6,
61.7, 63.4, 65.4, 68.1, 78.1, 126.6, 128.5 (x2), 128.9 (x2), 131.3,
135.6, 137.9, 167.6, 167.9, 197.7, 201.5, 203.5; EI-HRMS m/z
caled for Co7H30O7 [M'] 466.1992, found 466.2008. Anal. Caled
for Co7H3007: C, 69.51; H, 6.48. Found: C, 69.28; H, 6.63.

Acknowledgment. This work was partly supported
by a Grant-in-Aid for Scientific Research on Priority
Areas (No. 17035055) from the Ministry of Education,

JOCNote

Culture, Sports, Science and Technology (MEXT). NMR,
MS, and elemental analysis measurements were made
using JEOL JMN-LA500, JEOL SX-102A, and Perkin-
Elmer 2400 CHN instruments, respectively, at the
Natural Science Center for Basic Research and Devel-
opment (N-BARD), Hiroshima University. We thank Dr.
Yoshikazu Hiraga for NMR measurements (JEOL JMN-
LA500) at the Hiroshima Prefectural Institute of Science
and Technology. We thank Dr. Satoshi Kojima for
proofreading the manuscript.

Supporting Information Available: Spectroscopic data
for new compounds 3a, 3b, a mixture of 4a and 5a, a mixture
of 4b and 5b, 6, and 7. This material is available free of charge
via the Internet at http://pubs.acs.org.

JO051163E

J. Org. Chem, Vol. 70, No. 21, 2005 8589





