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benzoxazine by Zinc Chloride Assisted Mitsunobu Cyclization Reaction
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Abstract: A convenient procedure for preparation of the title compound of 299% ee starting from 1-
(2,3-difluoro-6-nitrophenoxy)-2-propanone (3) is presented. The key reaction is the intramolecular
cyclization reaction in the presence of zinc chloride. Copyright © 1996 Elsevier Science Ltd

(S)-(-)-7.8-Diflucro-3,4-dihydro-3-methyl-2H-1,4-benzoxazine (2) is a valuable precursor for the
synthesis of levofloxacin (1),! a potent third generation quinolone antibacterial agent on the market. Several
procedurf:s2 for preparation of this intermediate have been reported but these processes suffer from low yield,
low optical purity, or difficulties with scale up. Our interest in development of new quinolones led us to

examine routes to the key intermediate 2 from (R)-(-)-1-(6-amino-2,3-difluorophenoxy)-2-propanol (7).
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In this paper we describe an efficient, highly enantioselective procedure for preparation of 7, together
with new, mild and selective conditions for the primary aromatic amine via cyclization reaction to form the C-
N bond. The compound 7 was prepared as shown in Scheme 1. Treatment of compound 3* with Bakers’
Yeast* in MeOH/H,0 at 35 °C for 6 hr afforded 4° in 91% yield in 299% ee.® Reduction of 4 with 10%
palladium on activated carbon under atmospheric pressure of H; in THF at RT for 4 hr to give 5 in quantitative
yield, which was transformed into 6 by Mitsunobu inversion reaction” using PhsP, diethyl azodicarboxylate
(DEAD), and benzoic acid in THF at RT for 1 hr in 95% yield. The mild hydrolysis of 6 with potassium
cyanide in MeOH at RT for 1 day according to the literature® produced 7 in quantitative yield showing 299%
ee® The reaction of 7 under Mitsunobu reaction conditions in benzene did not generate the desired
benzoxazine compound 2, only to produce the DEAD adduct 97° as a major.
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Scheme 1

When the reaction was performed in MeCN at reflux for 1 hr, the desired product 2 was observed in 18%
by GC yield accompanied with a large amount of 9 in the reaction mixture. Encouraged by this result, ZnCl,
was added to modify the reaction conditions. Use of anhydrous ZnCl, seemed to be an appropriate choice
since there is a correlation in yield improvement with increasing amounts of ZnCl,.

Table 1. Reactions of 7 under Ph;P, DEAD, and ZnCl,
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MeJ "OH MelCI Melt;lCOZEt
HNCO,Et
7 2 8 9
Entry  PhyP/DEAD/ZNCl, C("A’,‘ﬂ't'r“’r')‘s ) Rag°' o
1 3 3 0 benzene - - major
2 3 3 0 MeCN 18 - 82
3 3 3 02 “ 12 38 50
4 3 3 1 " 11 89 -
5 3 3 15 " 21 79 -
6 3 3 3 " 78(64)°( 299)° 22 -
7 3 3 4 " 94(76) (299) 6 -
8 3 3 5 " 95(75) ( 299) 5 -
9 3 3 10 " 95(50) ( 299) 5 -
10 11 12 3 " 61(36) ( >99) 3 36 (SM 7)

* a ratio of the product mixture by capillary GC.
an isolated yield.
¢ an enantiomeric excess by capillary GC."
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As shown in Table 1, the amount of ZnCl; is an important variable in this cyclization. The maximum yield
was acquired when 400 M% of ZnCl, was employed and further addition of ZnCl, decreased the yield. Thus
treatment of 7 with 300 M% of PhsP, 300 M% of DEAD, and 400 M% of ZnCl; in MeCN at reflux for 1 hr
provided 2" in 76% yield in 299% ee.!!  As of today, this is the first report to our knowledge on the
intramolecular cyclization reaction for the primary aromatic amine under Mitsunobu reaction conditions to
form the C-N bond.” Reactions using a various of metal halides were attempted but all has been inferior to
the result with ZnCl,. This important potential application of ZnCl, prompted us to examine the alternate
reaction conditions in the hope of achieving a better and practical synthesis of 2. Heating with Ph;P and CCl,
in MeCN has been known one of mild reaction conditions for chlorination of the hydroxy compound.”
When 7 was reacted with Ph;P and CCly in the presence of ZnCl,, a similar effect of ZnCl, was detected as
shown in Table 2. Reaction of 7 with 200 M% of Ph;P, 400 M% of CCl,, and 300 M% of ZnCl; in MeCN at
reflux for 10 min resulted in formation of 2 in 52% yield in >99% ee. It is noteworthy that the
enantiomerically pure benzoxazine compound 2 is easily synthesized within 10 min under mild reaction
conditions from the readily available starting material in moderate yield.

Table 2. Reactions of 7 under Ph;P, CCls, and ZnCl,

7 2 + 8
Enty  PhyPICClyZnCl, (Mgg:l‘f'tl'&‘,”:in) ) Ra"‘:: ,
1 10 0 t 60 - trace  major
2 4 3 t 180 20 70 10
3 1.2 10 (] 20 4 96 -
4 1.2 10 02 80 1 92 7
5 2 4 1 10 30 70 -
6 2 4 2 10 58 42 -
7 2 4 3 10 78(52)°(=99)° 22 -
8 2 4 5 10 76(45) (>99) 24 -
9 2 4 10 10 75(20) (299) 25 -

? a ratio of the product mixture by capillary GC.
an isolated yield.
€ an enantiomeric excess by capillary GC."

In conclusion, we have demonstrated new synthesis of 2 from 7 via intramolecular Mitsunobu cyclization
reaction in the presence of ZnCl,. We also have found that treatment of 7 with Ph3;P, CCl,, and ZnCl, readily
permits facile cyclization to 2. A key feature of this approach is enantioselective cyclization of the primary
aromatic amine to form the C-N bond in good yield. Further elaboration as well as examination of other
variation of these processes are ongoing.
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