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Abstract: Two practical syntheses of (25, 45)-4-tert-butoxycarbonylamino-2-methylpyrrolidine, an important intermediate for
quinolone antibacterial agents, have been developed through the combination of diastereo and enantioselective reactions starting from
ethyl crotonate and L-alanine, respectively.

Tosufloxacin (1, A-60969) is an exceedingty potent clinically utilized 4-quinolone antibacterial agent with
a 3-aminopyrrolidinyl group at the 7-position of the naphthyridine ring.? Introduction of a methyl group at the
2-position of the pyrrolidine ring of tosufloxacin produced a compound (A-65485, 2) with substantial increased
water solubility (150 fold) while maintaining excellent antibacterial activity.!: 3 This enhanced water solubility is
anticipated to improve the phamacokinetics of the drug. The superb pharmacological properties of 23 mandated
an efficient synthetic route to the construction of 3. The key challenge of this synthesis is the introduction of two
chiral centers to the pyrrolidine ring. Our original 12-step approach to 3 required the prohibitively expensive cis-
4-hydroxy-D-proline as a starting material and was not amenable to a commcrcial scale synthesis.4: 5
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Outlined are two practical enantioselective syntheses of 3.1 The first route is illustrated in Scheme 1.
This method utilized L-alaninol (4), which was obtained by a well established literature method ¢ from the
reduction of L-alanine using the borane-dimethylsulfide complex activated by boron trifluoride-etherate.
Reductive condensation of 4 with benzaldehyde using sodium borohydride 7 and consecutive cyanomethylation 8
of the resulting benzylamine produced § in 97% yield. Treatment of 5 with carbon tetrachloride and
triphenylphosphine, followed by reaction with sodium cyanide in DMSO afforded 6 in 62% yield.9 Reaction of
6 with potassium tert-butoxide in toluene at 0°C resulted in a regioselective cyclization to form 7. Treatment of 7
with concentrated hydrochloric acid resulted in hydrolysis and decarboxylation to produce pyrrolidinone 8 in
60% yield. The process described above starts with inexpensive L-alanine and provides 8 in 36% overall yield.

The second route employed recent discoveries in diastereoselective Michael addition of chiral lithium
amides to @, f-unsaturated esters pioneered by Davies and Ichihara (Scheme 2).10: 11 This method utilized the
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easily available !2 5-N-(1-methylbenzyl)benzylamine 13, 10f a5 a chiral auxiliary. Addition of trans-ethyl
crotonate (9) at -78°C to a THF solution of the lithium salt of S-N-(1-methylbenzyl)benzylamine (10), which
was generated in situ from reaction of the corresponding amine with n-butyllithium at 0°C, gave 11 in 97%
d.e.14 and 85% yield. Complete debenzylation of 11 with 20% Pd(OH); on carbon under 4 atmospheres of
hydrogen in ethanol gave S-f-aminobutyrate 12 in 89% yield. In contrast to previous reports,16 a facile removal
of the less hindered benzyl group could be achieved selectively under acidic condition in 94% yield.15 Reductive
benzylation in methanol, followed by alkylation with ethyl bromoacetate in the presence of K2CO3 and Nal in
refluxing 2-butanone provided a mixture of diethyl ester 13a and monomethyl ester 13b (ratio: 78 : 28) in 87%
yield. The latter was apparently introduced in the benzylation step through an ester exchange reaction. The
mixture of 13a and 13b underwent a Dieckmann cyclization using KOBu! in toluene and subsequent
decarboxylation in refluxing 6N HCI furnished 8 in 71% yield. The reactions involved in this process are
technically simple and the starting materials are inexpensive. The overall yield of 8 from 9 is 47%.

Scheme 2
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Conversion of 8 to the final target compound 3 is illustrated in Scheme 3. Reduction of the ketone 8
yielded cis and trans alcohols 14. Among the reagents tried,!? sodium borohydride in methanol at -78°C
provided the best selectivity with a cis and trans ratio of about 9 to 1. The two isomers 14a and 14b were
separated by column chromatography.!® The amine 15 was obtained through a Mitsunobu 19 reaction of 14a
with phthalimide and foliowed by removal of the imide with hydrazine. Reaction of amine 15 with (BOC);0
provided 16 in 92% yield from 14a. Hydrolysis of the benzyl group furnished the title compound 3 (90%).
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In conclusion, two efficient and stereoselective processes for the preparation of (28, 45)-4-

butoxycarbonylamino-2-methylpyrrolidine, an important intermediate for quinolone antibacterial agents have been

developed. These processes enable the rapid and large-scale preparation of the pyrrolidine intermediate.20
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The diastereomeric excess was determined by lHNMR.

We found that the benzyl group of 11 can be selectively cleaved under acidic condition using 10% Pd/C to
give 17, which may be an important intermediate 16. 10e-f yseful for further derivatizations.

Procedure: The mixture of 8 (24.1 g. 74.05 mmol), 10% PJd/C (3.00 g) and concentrated HC1 (12.0 mL)
in methanol (240 mL) was stirred under 1 atomosphere of H; for 1h at room temparature. Reaction was

then filtered through Celite. The filtrate was concentrated under vacuum to give pure 17 as a white solid
(18.9 g, 94%):

COEt
COEL L 1 aum iy, 10% Paic )E 2
N~ EtOOH/HCI NK'H -
“"‘kPh i, 1 h S
11 (94%)

17
Davies, S. G; Fenwick, D. R. J. Chem. Soc., Chem Commun. 1995, 1109-10 & references cited therein.
Reduction of 8 have been tried using the following reagents and conditions (cis: trans): NaBH4 / MeOH /
-50°C (6.0 : 1), NaBH4 / MeOH /-10°C (5.8 : 1), NaBH4/MeOH /23°C (4.1 : 1), LiAlH4 / THF/ -78°C
(7.8 : 1), NaBHy / THF / -10°C (5.8 : 1), L-Selectride® / THF / -78°C (6.8 : 1), L-Selectride®/ toluene /
-78°C (6.8 : 1), L-Selectride® / CHyCl; / -78°C (4.9 : 1), K-Selectride® / THF / -78°C (3.1 : 1), LS-Selec-
tride® / THF / -78°C (2.0 : 1), LiBH(OBu-t)3 / CH;Cl; / -78 10 23°C (1.8 : 1), DIBAL / THF / -78°C (1.2
1), DIBAL / toluene / -78°C (1.9 : 1), DIBAL / CH,Cl, /-78°C (2.2 : 1), Hp /Pt / MeOH / 23°C(1 : 1).
The mixture of 14a and 14b could also be used without separation for the next steps and the isomeric
pure 16 was obtained in this case by a simple recrystalization in ethyl acetate / hexane
Hegedus, L. S; Holden, M. S; McKearin, J. M. Org. Synth. 1984, 62, 48-57.

Physical and spectroscopic data for selected new compounds. 5: MS (DCI/ NH3) 205 (M+H), 'HNMR
(CDCl3) § 1.21 (d, J=7.5 Hz, 3H), 2.47 (dd, J=3, 8 Hz, 1H), 3.30 (m, 1H), 3.45 (d, /=10.5 Hz, 1H),

3.46 (d, J=10.5 Hz, 1H), 3.54 (m, 2H), 3.70 (d, J=13.5 Hz, 1H), 3.90 (d, J=13.5 Hz, 1H), 7.34 (m, 5H);

6: MS (DCI/ NHz) 231, 233 (M+NHy4), 'HNMR (CDCl3) § 1.41 (d, J=6.5 Hz, 3H), 2.57 (dd, J=6.5, 16.5
Hz, 1H), 2.66 (dd, J=6.5, 16.5 Hz, 1H), 3.34 (sextet, J=6.5 Hz, 1H), 3.48 (s, 2H), 3.81 (s, 2H), 7.36 (m,
5H); 7: MS (DCI/ NHj3) 214 (M+H), 'HNMR (CDCl3) §1.31 (d, J=6 Hz, 3H), 3.28 (dd, J=4, 15 Hz, 1H),
3.44 (d, J=13 Hz, 1H), 3.52 (dd, J=3, 15 Hz, 1H), 3.74 (m, 1H), 4.04 (d, J=13 Hz, 1H), 4.38 (br, 2H),
7.38 (m, 5H); 8: MS (DCI/NH3) 190 (M+H), [et]p2=+212.4° (C=1.90, CHCl3) (from Scheme 1),
[a]p26=+208.9° (C=1.92, CHCl3) (from Scheme 2); lHNMR (CDCl3) & 1.35(d, J=6 Hz, 3H), 2.14 (dd,
J=10, 18 Hz, 1H), 2.50 (dd, J=6, 18 Hz, 1H), 2.64 (d, J=17 Hz, 1H), 2.98 (m, 1H), 3.24 (d, /=17 Hz, 1H),
3.28 (d, J=13 Hz, 1H), 4.20 (d, J=13 Hz, 1H), 7.31 (m, SH). IR (neat): 1755 cm-!; 11: MS (DCI / NH3)
326 (M+H), 'HNMR (CDCl3) § 1.13 (d, J=7 Hz, 3H), 1.16 (t, J=7 Hz, 3H), 1.35 (d, J=7 Hz, 3H), 2.10
(dd, J=6, 14 Hz, 1H), 2.36 (dd, J=6, 14 Hz, 1H), 3.44 (m, 1H), 3.67 (d, J=14 Hz, 1H), 3.74 (d, J=14 Hz,
1H), 3.88-4.07 (m, 3H), 7.19-7.42 (m, 10H); 13a: MS (DCI/ NH3) 308 (M+H), 'HNMR (CDCl3) § 1.12
(d, J=6 Hz, 3H), 1.24 (t, J=7 Hz, 6H), 2.29 (dd, J=6, 16 Hz, 1H), 2.64 (dd, J=6, 16 Hz, 1H), 3.28 (s, 2H),
3.41 (m, 1H), 3.66 (s, 3H), 3.69 (d, J=14 Hz, 1H), 3.82 (d, J=14 Hz, 1H), 4.10 (g. J=7 Hz, 4H), 7.31 (m,
1H); 13b: MS (DCI/ NH3) 294 (M+H), IHNMR (CDCl3) 6 1.13 (d, J=6 Hz, 3H), 1.24 (t, /=7 Hz, 6H),
2.30 (dd, J=6, 16 Hz, 1H), 2.64 (dd, J=6, 16 Hz, 1H), 3.28 (s, 2H), 3.41 (m, 1H), 3.69 (d, /=14 Hz, 1H),
3.78 (d, J=14 Hz, 1H), 4.10 (. J=7 Hz, 2H), 7.31 (m, 1H); 14a: MS (DCI/ NH3) 192 (M+H), THNMR
(CDClI3) & 1.23 (d, J=6 Hz, 3H), 1.46 (m, 1H), 2.70 (br, 1H), 2.19 (dd, J=4.5, J=10 Hz, 1H), 2.40 (m,
2H), 2.84 (d, J=10 Hz, 1H), 3.14 (d, J=13 Hz, 1H), 4.05 (d. J=13 Hz, 1H), 4.12 (m 1H,), 7.31 (m, 5H);
14b: MS (DCI/ NH3) 192 (M+H), IHNMR (CDCl3) § 1.16 (d, J=6 Hz, 1H), 1.82 (m, 2H), 2.18 (dd, 1H,
J=5, 10 Hz, 1H), 2.82 (m, 1H), 3.26 (d, J=10 Hz, 1H), 3.29 (d, J=13 Hz, 1H), 4.02 (d, J=13 Hz, 1H),

4.36 (m, 1H), 7.31 (m, 5H); 16: m.p. 82-83°C, [a]p*= +99.4° (C=1.08, CHCl3), MS (DCI / NH3) 291
(M+H), 'HNMR (CDCl3) & 1.15 (d, J=6 Hz, 3H), 1.41 (s, 9H), 1.72 (m, 1H), 1.93 (m, 2H), 2.63 (m, 1H),
3.21 (d, J=13 Hz, 1H), 3.26 (m, 1H), 3.98 (d, J=13 Hz, 1H), 4.07 (m, 1H), 4.48 (br, 1H); 3: m.p. 67-68°C,
[a]p*=+1.23" ( C=0.57, CHCl3), MS (DCI / NH3) 201 (M+H), 'HNMR (CDCl3) § 1.15(d, J=6 Hz, 3H),
1.44 (s, (1H), 1.54-1.63 (m, 2H), 1.75 (m, 1H), 2.64 (dd, J=5, 12 Hz, 1H), 3.26 (m, 1H), 3.38 (dd, J=7, 12
Hz, 1H), 4.12 (br, 1H), 4.63 (br, 1H). IR (KBr): 1685 cm™!.
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