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Communication

An Improved Method for the Synthesis of Optically Active
Tomoxetines and Fluoxetines
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A chemoenzymatic approach was applied to the preparation of chira 3-hydroxy-3-arylpropionates and
3-hydroxy-4,4,4-trifluorobutanoate that are potential precursors for certain chiral pharmaceuticals including chira

tomoxetines and fluoxetines.
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Optically active 3-hydroxy-3-arylcarboxylates are
synthetically important and highly functionalized chiral
synthons. The 3-hydroxy-3-phenylpropionate (1) is of
particular interest as potential precursors of optically
pure tomoxetine hydrochloride (11) and fluoxetine hy-
drochloride (I11), which are important pharmaceuticals
for the treatment of psychiatric disorders (depression,
anxiety, alcoholism) and metabolic problems (obesity,
bulimia)." Meanwhile (R)-tomoxetine (I1) is the first
norepinephrine  reuptake-inhibiting  anti-depressant
which does not possess strong affinity for either a- or -

adrenergic receptors.’®?
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Consequently, the preparation of optically active
3-hydroxy-3-arylcarboxylates has attracted much inter-
est.® There have been many reports concerning the
asymmetric synthesis of those compounds. For example,
catalytic asymmetric reduction of the corresponding
B-keto carboxylates®*** aldol,” Reformatsky,® Diels-
Alder,” organocopper conjugate addition reactions,® and
even Pd-catalyzed kinetic resolution.” However, the
drawbacks of these synthetic routes are significant, that
include harsh reaction conditions, expensive reagents,
low chemica yields and poor optical purity especialy
the widespread need for stoichiometric chira re-
agents.*®

Using the biologica method is ancther aternative
way to synthesize those chiral molecules.®®3"1°
Kumar’s®® and Chenevert’'s® groups utilized bakers
yeast to reduce S-keto carboxylates in water to obtain
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corresponding chiral p-hydroxy esters with low yields
and poor enantiomeric excess. Boaz's'® and
Schneider’s grouplob used lipase to hydrolyze
3-phenyl-3-hydroxycarboxylates and chloroacetate in
buffer, but the results were not encouraging either. The
other groups'®*® obtained the precursor of title com-
pounds via lipase-catalyzed acetylation of hydroxy-
compounds, such as 1-phenyl-3-buten-1-ol,** 3-chloro-
1-phenylpropan-1-ol** and 3-hydroxy-3-pheny!-propio-
nitrile."® Though the results were better but the chemi-
cal yields were not so good. Therefore improvement of
the method of synthesis of such molecules seems nec-
essary. Our group has exploited baker’s yeast-mediated
enantioreduction for preparing some opticaly active
y-hydroxy-p-ketophosphonates and o-hydroxy-S-keto-
phosphonates. Nevertheless we also used Candia
antartic lipase B (CALB) and crude Candia rugosa
lipase (CRL) to resolve hydroxyphophonates and
aminophosphonates attaining corresponding chiral
compounds.*?

Chiral ethyl 3-hydroxy-4,4,4-trifluorobutyrate is
necessary in an established synthetic method for the
production of L-carbinol as a precursor of novel fluori-
nated pharmaceuticals, such as the anti depressant be-
loxatone.™

As an extension of our study, we herein wish to re-
port such a simple and useful method for the chemoen-
zymatic preparation of both enantiomers, 3-hydroxy-3-
arylpropionates (1) and 3-hydroxy-4,4,4-trifluorobuty-
rate in high optical purity and chemical yields.

A simple preparation of  3-hydroxy-3-aryl-
carboxylates (1) was therefore as the essentia require-
ment. An adol reaction between acetate and arylalde-
hydes in the presence of LDA readily afforded the
achiral compounds (1) (Scheme 1).

In our previous work, we successively resolved the
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R = Me, Et, i-Pr, Bu; Ar = CgHs, X-CgH,4 Yield: 90%—98%
2-hydroxy-2-arylethanephosphonates by crude CRL in
diisopropy! ether.*** Because of the similarity of phos-
phonates and carboxylates, this strategy was success-
fully applied to resolve 3-hydroxy-3-arylcarboxylates.

Direct butyrylation of 3-hydroxy-3-arylpropionates
using DCC/butyric acid system afforded the butyryl
derivatives in above 90% vyields. They could be enanti-
oselectively hydrolyzed to the corresponding
(R)-alcohols by CRL in diisopropyl ether pre-equili-
brated with 1.2 mol/L agueous MgCl..

As demonstrated by our experimental data, in corre-
sponding with the 2-hydroxy-2-arylethanephosphonates,
the overal yields of the CRL-catalyzed reaction were
remarkably increased and the reaction time was signifi-
cantly shortened, though the enantioselectivity of CRL
decreased a little bit. It was worthy to point out that our
efforts to improve the enantioselectivity of CRL by in-
creasing the bulky degree of the ester group were un-
successful.

If we could determine the absolute configuration of
one of the products (3a—3m, 4a—4m), the absolute
configuration of other molecules was thus deduced.
Substantially, the absolute configuration of one of hy-
drolyzed alcohols ethyl 3-hydroxy-3-phenylpropionate
(3c) was determined based on the optical rotation [a]?’
+48.7 (c 1.4, CHCly), {nt10a (9-3c: [a]® —50.8 (c
1.0, CHCl3) and lit** [a]® +40.0 (c 2.8, CHCl3)}
(Scheme 2 and Table 1).

In our study, we found that the same enantioseclec-
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tivity of CRL-catalyzed hydrolysis was kept when the
aryl groups of 2-hydroxy-2-arylethanephosphonates
were replaced by a trifluoromethyl moiety.’® Analo-
gously, we synthesized the chiral ethyl 3-hydroxy-4,4,4-
trifluorobutyrate that has potential applications to novel
fluorinated pharmaceuticals, such as the antidepressant
bel oxatone™ (Scheme 3).

Scheme 2

3a-3m
R = Me, Et, i-Pr, Bu; Ar = CgHs, X-CgHy
(i) n-PrCO,H/DCC/DMAP/CH,Cly, rt, 1-2 h;
(iiy CRL/diisopropy! ether-water, 24 h

Scheme 3
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Yield 41%; ee > 95%° Yield 45%; ee > 99%°

@ The ee value of 8 was determined by 9F NMR 8+ quinine).12b
5 The ee vaule of 9 was determined by chiral HPLC.

(i) EtONa/EtOH, 90 °C; (ii) NaBHy;

(iii} n-PrCO,H/DCC/DMAP/CH,Cl,, 1t, 1-2 h;

(iv) CRL/diisopropyl ether-water, 24 h

Tablel CRL catalyzed enantioselective hydrolysis of 2a—2m

3 4

Entry R Ar Yieldof 2/%  Reaction time/h E
Yield/% ec’/% Yield/% ec’/%
a Me CsHs 94 24 48 87 44 92 >68
b Me 4-MeOCgH,4 93 24 44 >99 47 92 >150
c Et CeHs 95 24 43 >99 48 92 >150
d Et 4-MeCgH, 93 24 42 95 44 93 >100
e Et 4-MeOCgH,4 95 24 47 86 44 91 >60
f Et 2-Furyl 91 24 51 75 40 90 >45
g Et 2-CICeH, 92 24 46 95 41 99 >150
h Et 4-FCgH4 94 24 41 >99 49 87 >100
i Et 2,4-Cl,CgH3 90 24 46 94 42 >99 >150
j Et 4-O,NCgH4 96 24 43 92 43 >99 >150
K i-Pr CgHs 93 24 44 94 48 82 >50
I i-Pr 4-MeOCgH4 92 24 45 76 46 7 >20
m Bu CeHs 95 24 42 93 47 87 >50

& The ee values were determined by the chiral HPLC (CHIRALPAK AD, OD, AS).

® The enantiomeric ratio, E=In[(1—c)(1—ees)]/

InN[(1—c)(1+ees)] =InN[1—c(1+eep)]/In[1—c(1—eep)]; c=ees/(ees+eep).'®



Tomoxetine and fluoxetine

The absolute configuration of the hydrolyzed alcohol
8 was determined based on the optical rotation of ethyl
3-hydroxy-4,4,4- trlfluorobutyrar[e 8 [a]? +20.8 (c 0.7,
CHCl5) {ntl6a (9-8: [a]® —18.4 (c 2.85, CHCly);
nt16b (R-8: [a]® +21.8 (c 1.25, CHCl3); lit 16° (R)-8:
[a]? 4+20.8 (c 1.2, CHCI3)}.

The opticaly active carboxylic acid and ester could
be directly converted to the four known chird
tomoxetine hydrochloride (I1) and fluoxetine hydro-
chloride (111). And we selected one group of the highest
enantiomeric excess to prepare the title compounds.
Finally, we were successively to prepare (R)-tomoxetine
21, (9)-tomoxetine 15, (R)-fluoxetine 13 and (9)-
fluoxetine 19. Upon acidification with HCI (gas) in
ether both enantiomers of tomoxetine and fluoxetine

Scheme 4
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hydrochloride were obtained. (R)-11: m.p. 160—161 C,
[a]? —38.8 (c 1.0, CHCl3), [a]2D°—410 ¢ 1.0,
MeOH), [a]? —404 (c 1.0, EtOH) {lit.>** m.p.
162—164 C, [a]? —41.37 (c 1.02, MeOH), [a]?
—40.9 (c 0.94, EtOH)}. (9-I1: m.p. 162—163 C,
[a]2 +40.9 (c 1.2, CHCIy), [a]? +43.1 (c 1.0,
MeOH), [a]2°+427 (c 1.0, EtOH) {lit.** m.p.
162—164 C, [a]243.2 (c 0.81, MeOH), [a]?’ +40.5
(c 1.06, EtOH)}. (R)-1II: _m.p. 141—142 C, [a]®
—14.1 (c 1.0, CHCI3) 3([ +11.0 (c 1.0, H,0) {lit.®
m.p. 140—142 C, lit. [a] —148 (c 1.1, CHCI3)}.
(9- ||| m.p. 139—140 , [a]? +12.8 (c 1.0, CHCI33)
[a]® —10.0 (c 1.0, HZO) {ht3b 140—142 C, lit™
[a]5 +14.0 (c 1.0, CHCly), [a]? —102(c10 HZO)}
(Scheme 4).
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(i) LiAIH4, THF, -10-0 °C,1 h; (ii) MsClI, Et3N, ether, -10-0 °C, 2 h; (iii) 25% aqueous CH3NH,, THF, 65--70 °C, 3 h; (iv) NaH,
DMSOQ, 55 °C, 45 min; p-chlorobenzotrifluoride, 90—100 °C,1.5 h; (v) HCI (gas), ether; (vi) o-cresol, DEAD, ether, -10 °C, 2.5 h

References

1 (a) Foster, B. J.; Lavagnino, E. R. Drugs of the Future, Vol.
11, Prous Science Publishers, Barcelona, Spain, 1986, p.
134.

(b) Robertson, D. W.; Krushins, J. H.; Fuller, R. W.; Lean-
der, J. D. J. Med. Chem. 1988, 31, 1412.
2 Ankier, S. 1. Prog. Med. Chem. 1986, 23, 121.

3 (a) Srebnick, M.; Ramachandran, P. V.; Brown, H. C. J. Org.

Chem. 1988, 53, 2916.
(b) Gao, Y.; Sharpless, K. B. J. Org. Chem. 1988, 53, 4801.

(c) Corey, E. J.; Reichard, G. A. Tetrahedron Lett. 1989, 30,

5207.

(d) Kumar, A.; Ner, D. H.; Dike, S. Y. Tetrahedron Lett.

1991, 32, 1901.

(e) Fronza, G.; Fuganti, C.; Grasselli, P; Mele, A. J. Org.

Chem. 1991, 56, 6019.

(f) Chenevert, R,; Fortier, G.; Rhlid, R. B. Tetrahedron 1992,

48, 6769.

(9) Koenig, T. M.; Mitchell, D. Tetrahedron 1994, 35, 1339.
4 (@) Noyori, R.; Ohkuma, T.; Kitamura, M.; Takaya, H.; Sayo,



778 Chin. J. Chem., 2004, Vol. 22, No. 8

N.; Kumobayashi, H.; Akutagawa, S. J. Am. Chem. Soc.
1987, 109, 5856.

(b) Sterk, D.; Stephan, M. S.; Mohar, B. Tetrahedron:
Asymmetry 2002, 13, 2605.

(c) Ireland, T.; Grossheimann, G.; Wieser, J. C.; Knochel, P.
Angew. Chem.,, Int. Ed. 1999, 38, 3212.

(d) Wu, J.; Chen, H.; Kwok, W. H.; Lam, K. H.; Zhou, Z. Y.;
Yeung, C. H.; Chan, Albert S. C. Tetrahedron Lett. 2002, 43,
1539.

(e) Ratovelomanana, V. V.; Genet, J. P. J. Organomet. Chem.
1998, 567, 163.

(f) Bardot, V.; Besse, P; Gelas-Miahle, Y.; Remuson, R,;
Veschambre, H. Tetrahedron: Asymmetry 1996, 7, 1077.

(g) Manzocchi, A.; Casati, R.; Fiecchi, A.; Santaniello, E. J.
Chem. Soc., Perkin Trans. 1 1987, 2753.

(h) Deol, B. S.; Ridley, D. D.; Simpson, G. W. Aust. J.
Chem. 1976, 29, 2459.

(i) Soai, K.; Yamanoi, T.; Hikima, H.; Oyamada, H. J. Chem.
Soc., Chem. Commun. 1985, 138.

(j) Mukaiyama, T.; Tomimori, K.; Oriyama, T. Chem. Lett.
1985, 813.

(k) Hilborn, J. W.; Lu, Z. H.; Jurgens, A. R.; Fang, K. Q,;
Byers, P; Wald, S. A.; Senanayake, C. H. Tetrahedron Lett.
2001, 42, 8919.

(a) Mioskowski, C.; Solladie, G. Tetrahedron 1980, 36, 227.
(b) Evans, D. A.; Taber, T. R. Tetrahedron Lett. 1980, 21,
4675.

(c) Evans, D. A.; Bartroli, J.; Shih, T. L. J. Am. Chem. Soc.
1981, 103, 2127.

(d) Braun, M.; Devant, R. Angew. Chem., Int. Ed. Engl.
1983, 95, 802.

(e) Bernardi, A.; Colombo, L.; Gennarri, C.; Prati, L. Tetra-
hedron 1984, 40, 3759.

(f) Braun, M.; Devant, R. Tetrahedron 1984, 25, 5031.

(g9) Hemchen, G.; Leikauf, U.; Taufer-Knopfel, 1. Angew.
Chem,, Int. Ed. Engl. 1985, 97, 874.

(h) Masamune, S.; Sato, T.; Kim, B. M.; Wollmann, T. J.
Am. Chem. Soc. 1986, 108, 8279.

(i) Devant, R.; Mahler, U.; Braun, M. Chem. Ber. 1988, 121,
397.

(a) Guette, M.; Capillon, J.; Guette, J. P. Tetrahedron 1973,
29, 3659.

(b) Seebach, D.; Langer, W. Helv. Chim. Acta 1979, 62,
1701.

(c) Basile, T.; Tagliavini, E.; Trombini, C.; Umani-Ronchi,
A. J. Chem. Soc., Chem. Commun. 1989, 596.

(d) Basavaiah, D.; Bharathi, T. K. Synth. Commun. 1989, 19,
2035.

(e) Basavaiah, D.; Bharathi, T. K. Tetrahedron Lett. 1991,
32, 3417.

(f) Soai, K.; Kawase, Y. Tetrahedron: Asymmetry 1991, 2,

10

11

12

13

14

15

16

XU & YUAN

781.

(a) Bednarski, M.; Danishefsky, S. J. Am. Chem. Soc. 1983,
105, 6968.

(b) Bednarski, M.; Maring, K.; Danishefsky, S. Tetrahedron
Lett. 1983, 24, 3451.

Oppoler, W.; Mills, R. J.; Pachinger, W.; Stevenson, T. Helv.
Chim. Acta 1986, 69, 1542.

Ali, H. S;; Sudalai, A. Tetrahedron Lett. 2002, 43, 5435.

(a) Boaz, N. W. J. Org. Chem. 1992, 57, 4289.

(b) Schneider, M. P; Goergous, U. Tetrahedron: Asymmetry
1992, 3, 525.

(c) Master, H. E.; Newadkar, R. V.; Rane, R. A.; Kumar, A.
Tetrahedron Lett. 1996, 37, 9253.

(d) Liu, H. L.; Hoff, B. H.; Anthonsen, T. J. Chem. Soc.,
Perkin Trans. 1 2000, 1767.

(e Kamal, A.; Ramesh, G. B.; Ramu, R. Tetrahedron:
Asymmetry 2002, 13, 2039.

(@) Yuan, C. Y.; Wang, K.; Li, Z. Y. Heteroat. Chem. 2001,
12, 551.

(b) Yuan, C. Y.; Wang, K.; Li, Z. Y. Heteroat. Chem. 2002,
13, 153.

(c) Wang, K.; Li, J. F; Yuan, C. Y.; Li, Z. Y. Chin. J. Chem.
2002, 20, 1379.

(& Zhang, Y. H.; Li, Z. Y.; Yuan, C. Y. Tetradedron Lett.
2002, 43, 3247.

(b) Zhang, Y. H.; Li, J. F; Yuan, C. Y. Tetrahedron 2003, 59,
473.

(¢) Zhang, Y. H.; Xu, C. F; Li, J. F; Yuan, C. Y. Tetrahe-
dron: Asymmetry 2003, 14, 63.

(d) Yuan, C. Y.; Xu, C. F; Zhang, Y. H. Tetrahedron 2003,
59, 6095.

(e) Zhang, Y. H.; Yuan, C. Y.; Li, Z. Y. Tetrahedron 2002,
58, 2973.

(a) Bucciarell, M.; Forni, A.; Moretti, I.; Prati, F; Torre, G.
Biocatalysis 1994, 9, 313.

(b) Seebach, D.; Renaud, P; Schweizer, W. B.; Zueger, M.
F.; Brienne, M. J. Helv. Chim. Acta 1984, 67, 1483.

(c) Gotzo, S. P; Seebach, D.; Sanglier, J. J. Eur. J. Org.
Chem. 1999, 2533.

(d) Antolini, 1.; Forni, A.; Davali, P; Moretti, |.; Prati, F.
Tetrahedron: Asymmetry 1998, 9, 285.

Cohen, S. C.; Khedouri, E. J. Am. Chem. Soc. 1961, 83,
4228.

Chen, C. S; Fujimoto, Y.; Girdaukas, G.; Shi, C. J. J. Am.
Chem. Soc. 1982, 104, 7294.

(a) Goetzoe, S. P; Seebach, D.; Sanglier, J. J. Eur. J. Org.
Chem. 1999, 10, 2533.

(b) Seebach, D.; Renaud, P; Schweizer, B.; Zueger, M. F;
Brienne, M. J. Helv. Chim. Acta 1984, 67, 1843.

(c) Seebach, D.; Beck, A. K.; Renaud, P. Angew. Chem,, Int.
Ed. Engl. 1986, 98, 96.

(E0403043 PAN, B. F)



