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Concise Synthesis of dl-Febrifugine
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Racemic compound (1) of the antimalarial agents febrifugine
(d-1) was synthesized using an stereoselective Michael reaction
of an w-amidoenone (5) which was prepared by the Wittig reac-
tion of piperidinediol (7).
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Febrifugine (d-1) is an antimalarial agent that has been
isolated from Dichroa febrifuga and Hydrangea umbellate
along with isofebrifugine (d-2)." ™ It is well known that d-1
and d-2 are related to each other’s isomerization via ®-
aminoenone>® (3) (Chart 1).

Among reported methods’ >? of d-1, we had believed that
our method'*!® was widely applicable to the synthesis of the
derivatives needed to study the structure—activity relationship
of d-1. However, we could not successfully prepare some
derivatives because our method involved uncontrollable
trans—cis isomerization in the final step. In recent our study,
we found that cis form of N-protected febrifugine derivatives
(cis-4) also afforded a mixture of frans-4 and cis-4 form
under the presence of acid by the isomerization (Chart 2).2"

From those findings, we planed a synthetic strategy via an
w-amidoenone (5) as a key intermediate, which would afford
trans piperidine derivative (frans-6) by the intramolecular
Michael reaction with the stercoselectivity (Chart 3). In this
paper, we describe a novel synthesis of dl-febrifugine (d/-1).

The synthesis of the key intermediate, w-amidoenone (5),
was achieved to utilize the Wittig reaction of 2-hydroxy-
piperidine derivative which we have developed in our syn-
thetic study of deoxyfebrifugine.”” The Wittig reaction of
2,3-piperidinediol (7), which was easily prepared in 84%
yield from tetrahydropyridine (8) by Oxone®-acetone oxida-
tion,” afforded (E)-w-amidoenone (£-5) in which the dou-
ble bond had E configuration based on the coupling constant
(J=16Hz) of olefinic protons in 'H-NMR. The Michael re-
action of trans-5 (E-5) with BF;- OEt, afforded the Michael
adduct (trans-6). N-Cbz febrifugine (10) was afforded by
successive reactions, silylation of the hydroxy and ketone
group, bromination, and coupling with 4(3H)-quinazolinone.
Hydrogenolysis of 10 gave dI-1 which was identical with the
reported one by mp or '"H-NMR data (Chart 4).

In the Michael reaction of E-5 with BF;-OEt,, we could
obtain the furan derivative (9) and 1,4-diketone derivative
(11) along with frans-6. It is known that 9 and 11 can be
transformed from cis-6 by acid.?” Decreasing yield of trans-
6 with the prolongation of the reaction time or heat of reac-
tion mixture suggests that there is an equilibrium relationship
via E-5 between frans-6 and cis-6 in the presence of Lewis
acid (Table 1).

Herein, we could develop the the synthetic method for di-
febrifugine derivatives in high total yield and short steps
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without using the very expensive, toxic, or dangerous
reagents used in other reports.”> > We are now progress the
asymmetric synthesis using this method.
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Reagents and Conditions; (a) Oxone®, K,CO3, acetone,
H,0, rt, 2 h, 84%; (b) CH;COCH=PPh;, MeCN, reflux,
1h, 76%; c¢) BF3;*OEt, ( 0.5 eq.), MeCN,rt, 10 min,
75%; (d) (i) TMSOTH, i-Pr,NEt, CH,Cl,, rt, 20 min; (ii)
NBS, rt, 2 h; (i) 4(3H)-quinazolinone,rt, 4.5 h, 51%; (e)
H,, 20% Pd(OH),/C, MeOH/THF,rt, 3.5 h, 88%.
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Table 1. Reaction of E-5 with BF;OEt,
trans-6
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Temp. Reaction Yield (%)
Entry ©C) time
trans-6 9 11
1 r.t. 10 min 75 11 —
2 r.t. 30 min 72 18 —
3 r.t. 1h 73 14 3
4 70 10 min 50 35 12
5 70 l1h 23 32 27
6 70 2h 14 21 30
7 100 10 min 33 32 21
8 100 30 min 28 38 17
9 100 1h 12 32 9
References
1) Koepfli J. B., Mead J. E, Brockman J. A., Jr., J. Am. Chem. Soc., 69,
1837—1838 (1947).
2) Koepfli J. B., Mead J. F, Brockman J. A., Jr., J Am. Chem. Soc., 71,
1048—1054 (1949).
3) Ablondi F, Gordon S., Morton J., II, Williams J. H., J. Org. Chem., 17,
14—18 (1952).
4) Hutchings B. L., Gordon S., Ablondi E,, Wolf C. E, Williams J. H., J
Org. Chem., 17, 19—34 (1952).
5) Barringer D. F, Berkelhammer G., Wayne R. S., J Org. Chem., 38,

1937—1940 (1973).

6)
7)
8)
9)
10)
1)
12)
13)
14)

15)

16)
17)

18)
19)

20)
21)

22)
23)
24)
25)
26)

27)
28)

29)

30)

869

Uesato S., Kuroda Y., Kato M., Fujiwara Y., Hase Y., Fujita T., Chem.
Pharm. Bull., 46, 1—S5 (1998).

Baker B. R., McEvoy F. J., Schaub R. E., Joseph J. P, Williams J. H., J.
Org. Chem., 18, 178—183 (1953).

Kobayashi S., Ueno M., Suzuki R., Ishitani H., Tetrahedron Lett., 40,
2175—2178 (1999).

Kobayashi S., Ueno M., Suzuki R., Ishitani H., Kim H.-S., Wataya Y.,
J. Org. Chem., 64, 6833—6841 (1999).

Takeuchi Y., Azuma K., Takakura K., Abe H., Harayama T., Chem.
Commun., 2000, 1643—1644 (2000).

Okitsu O., Suzuki R., Kobayashi S., Syn/ett, 2000, 989—990 (2000).
Taniguchi T., Ogasawara K., Org. Lett., 2, 3193—3195 (2000).
Takeuchi Y., Azuma K., Takakura K., Abe H., Kim H.-S., Wataya Y.,
Harayama T., Tetrahedron, 57, 1213—1218 (2001).

Okitsu O., Suzuki R., Kobayashi S., J Org. Chem., 66, 809—823
(2001).

Ooi H., Urushibara A., Esumi T., Iwabuchi Y., Hatakeyama S., Org.
Lett., 3, 953—955 (2001).

Sugiura M., Kobayashi S., Org. Lett., 3, 477—480 (2001).

Sugiura M., Hagio H., Hirabayashi R., Kobayashi S., Synlert, 2001,
1225—1228 (2001).

Huang P-Q., Wei B.-G., Ruan Y.-P., Synlett, 2003, 1663—1667 (2003).
Katoh M., Matsue R., Nagase H., Honda T., Tetrahedron Lett., 45,
6221—6223 (2004).

Ashoorzadeh A., Caprio V., Synlett, 2005, 346—348 (2005).

Takeuchi Y., Azuma K., Oshige M., Abe H., Nishioka H., Sasaki K.,
Harayama T., Tetrahedron, 59, 1639—1646 (2003).

Takeuchi Y., Tokuda S., Takagi T., Koike M., Abe H., Harayama T.,
Shibata Y., Kim H.-S., Wataya Y., Heterocycles, 51, 1869—1875
(1999).

Frohn M., Wang Z.-X., Shi Y., J. Org. Chem., 63, 6425—6426 (1998).
Takeuchi Y., Azuma K., Abe H., Harayama T., Heterocycles, 53,
2247—2252 (2000).

Baker B. R., Schaub R. E., McEvoy FE. J., Williams J. H., J Org.
Chem., 17, 132—140 (1952).

Baker B. R., McEvoy F. J., Schaub R. E., Joseph J. P., Williams J. H., J.
Org. Chem., 18, 153—177 (1953).

Baker B. R., McEvoy F. J., J Org. Chem., 20, 136—142 (1955).
Burgess L. E., Gross E. K. M., Jurka ., Tetrahedron Lett., 37, 3255—
3258 (1996).

Takeuchi Y., Abe H., Harayama T., Chem. Pharm. Bull., 47, 905—906
(1999).

Takeuchi Y., Hattori M., Abe H., Harayama T., Synthesis, 1999,
1814—1818 (1999).



