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Abstract: Scheme 1
An efficient synthesis of 2,6-di.chloro.-5-f|uoronicoti.noyl acetate Ricety., Rz=—N )  Enoxacin
(1) has been accomplished in a single step using the Blaise —
. . . o
reaction 'of ethyl bromoacetate with 3-cyano.-2,6-d|chlpro-.5- . cok R1=OF R2= *"‘:L Tosufloxacin
fluoropyridine (4). Use of methanesulfonic acid as an in situ e 2 F HNHz
actwgtor of zinc r_emoved the_ induction period of the Bla_|se R2” N7 N Riz QF Ro= 7Ni:[:>-"NH2 Trovafloxacin
reaction to render it safe and viable for a large-scale operation. R1 o “u

. NOMe . i
A naphthyridine ring is embedded as a key structural unit Ri= —]  Re= ’NCRNH? Gemifloxacin
of many potent quinolone antibiotics such as enoxacin,
tosufloxacin? trovafloxacin? and gemifloxacin (Scheme 1). ~ Scheme 2
To construct this structural segment, most of the reported _ O 6 0
syntheses employed ethyl 2,6-dichloro-5-fluoronicotinoyl F | N ON ) H;80, H,0 Fﬁm RMOEt
o’ N el base

acetate (1) as a key starting material that was prepared from o )SOCl,
a common synthetic route, the reaction of an acetate enolate

equivalent with 2,6-dichloro-5-fluoronicotinoyl chlorid)( 2
(Scheme 2). The reaction of magnesium enolate of diethyl
malonate with the nicotinoyl chlorid2 proceeded well to oH O

give the diester intermediatd (R = OEt), which was Fo o/ ~OEt E I
partially hydrolyzed and decarboxylated to giv&However, | R oS
this process is complicated with the selective partial hy- ¢ci” "N” ¢ 0 N el
drolysis of the diester intermedia% the formation of the

methyl ketone impurity via double decarboxylations was 3 1
observed as a side product. A more advanced synthesis iSScheme 3
the use of malonate monoestexhich clearly removed the

problems of the selective hydrolysis of the diester intermedi- l o o

R=0K, CH,, OEt

FonCN  zp HN B F
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(1) The content of the paper has been published as a part of patent. See: Shin, cl” N7 el
H.; Choi, B. S.; Choi, S. C. WO 2003033469, 2003. 4
(2) (a) Miyamoto, T.; Egawa, H.; Shibamori, K.; Matsumoto, J-Heterocycl. 5
Chem.1987,24, 1333—1339. (b) Matsumoto, J.-I.; Miyamoto, T.; Mina- . .
mida, A.: Nishimura, Y. Egawa, H.. Nishimura, H. Heterocycl. Chem. ate. The last version employed the magnesmm.enolate of
1984,21, 673. _ ethyl acetoacetate as an acetate enolate equivalent, and
®) th 5’- ,\Tﬂ-e‘g’-?cieef:q‘ig%?ég’- 283.;6§Ia|borne. A.K.; Gracey, E. H.; Pemet, g hsequent deacetylation of the formed intermed@gR =
(4) (a) Brighty, K. E.; Castaldi, M. JSynlett1996, 1097. (b) Braish, T. F.;  CHs) afforded1.?

JCa'\sAtal?\li, M. JT cr;ean, s.l;j Fc';x| Ig-_ E. KeJItOEiC'S'T&; M%G%rrx\';v J-t: Hawlf'insj Although the current syntheses are well established and
. M.; Norris, T.; Rose, P. R.; Sieser, J. E.; Sitter, B. J. Watson, H., Jr. . . .
Synlett1996, 1100. scalable, we describe here an alternative, single-step trans-

(5) Hong, C. Y.;Kim, Y. K,; Chang, J. H.; Kim, S. H.; Choi, H.; Nam, D. H,;  formation of the nitrile group of the early intermediate
Kim, Y. Z.; Kwak, J. H.J. Med. Chem1997,40, 3584. ; : ; ; ; ;
(6) The reported yield of from the acid chlorid® is 74%. See: (a) Bouzard, Into theﬂ keto ester functlonallty of, employlng the Blaise
D.; Di Cesare, P.; Essiz, M.; Jacquet, J. P.; Ledoussal, B.; Remuzon, P.; feaction (Scheme 3}’.
Kessler, R. E.; Fung-Tomc, J. Med. Cheml992 35, 518. (b) Miyamoto, As expected, slow addition of ethyl bromoacetate to a

T.; Matsumoto, J.-IChem. Pharm. Bull1990,38, 3211. . .y ; . .
In an acid-catalyzed decarboxylation®(R = OEY), ca. 10% (area % by ~ Mixture of the 3-cyanopyridiné and activated zirtéin THF

)
HPLC) of the methyl ketone impurity was usually formed in the reaction
mixture. The analysis of the isolatddshowed ca. 2% contamination of (9) The reported yield of from the acid chloride is 70%. See: Urban, F. J.;
the methyl ketone impurity*H NMR data of the methyl ketone impurity: Moore, B. S.; Spargo, P. lOrg. Prep. Proced. Int1997,29, 231.
(300 MHz) 6 7.57 (d, 1H,J = 7.3 Hz), 2.71 (s, 3H). (10) (a) Blaise, E. EC. R. Acad. Sci1901,132, 478 and 978. (b) Carson, J.;

(8) The reported yield of from the acid chloride is 96%. See: (a) Refer to Rinehart, K. L., Jr.; Thornton, S. D., Ji. Org. Chem1953,18, 1594. (c)

ref 2. (b) O'Neill, B. T.; Busch, F. R.; Lehner, R. S. EP 449445, 1991. (c) Kagan, H. B.; Suen, Y.-HBull. Chim. Soc. Fr1966, 1819. (d) Konrad,
Clay, R. J.; Collom, T. A.; Karrick, G. L.; Wemple, Synthesis1993, J.; Jezo, |.Chem. Zvesti1980,34, 125.
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Figure 1. Influence of the amount of MsOH and the particle size of zinc on the induction period of the Blaise reaction where ethyl
bromoacetate was added slowly to a mixture of MsOH-activated zinc and 4. (a) Aldrich zinc{10 gm) with 1 mol % MsOH. (b)
Daejung zinc (150¢m) with 1 mol % MsOH. (c) Aldrich zinc ( <10 gm) with 5 mol % MsOH. (d) Daejung zinc (150 gm) with 5
mol % MsOH.

under reflux led to the formation of th&-aminoacrylate or eradication of the induction period of the Reformatsky
intermediate5, which was hydrolyzed by aqueous HCI reagent-related reactions. Only one report clearly described
solution to give1l. Quick optimization of the reaction the issues associated with the induction period in the
conditions disclosed that 1.5 equiv of activated zinc and 1.3 generation of the Reformatsky reagent when 1,2-dibromo-
equiv of ethyl bromoacetate are sufficient for the completion ethane was used for the in situ activation of Zihc.
of the reaction. Moreover, a very efficient isolation of the Taking advantage of the established in situ activation
product 1 was accomplished. At the end of the Blaise protocol by MsOH, we tested the influence of the amount
reaction, the mixture was cooled to room temperature, and of MsOH and the particle size of zinc on the induction period.
aqueous HCI solution was addédor the hydrolysis of the ~ When 1 mol % of MsOH was used for the activation of zinc
B-aminoacrylate group ob. After the completion of the  (Aldrich, <10um), the Blaise reaction started in ca. 20 min
hydrolysis, the mixture was cooled to°€, giving a slow induction period after the addition of ethyl bromoacetate to
precipitation of the product, which was filtered to provide  resultin ejection of the reaction mixture due to uncontrollable
1in 70—75% yield!® The purity of1 was generally greater  exotherm (Figure 1a). Increase of the particle size of zinc
than 99% by HPLC assay. However, two problems were (Daejung, Korea, 15@m) showed a marginal effect on the
recognized for a large-scale application of this transformation. reduction of the induction period. It was also observed that,
The first is the cumbersome preparation of activated zinc after the initiation of the reaction, stopping and restarting
by aqueous HCI solution, and the second is the unpredictablethe addition of ethyl bromoacetate did not show any sign of
induction period, thus making control of the reaction difficult. delayed reaction (Figure 1b). Quite interestingly, the use of
In this regard, we devised a simple in situ activation of 5 mol % of MsOH initiated the reaction right after the
zinc by treatment with a catalytic amount of an organic addition of ethyl bromoacetate irrespective of the source and
acid!* By heating the suspension of zinc in THF in the the particle size of zinc (Figure 1c andd)As far as we
presence of 1 mol % of methanesulfonic acid (MsOH) for know, this is the first example demonstrating the removal
ca. 10 min, consistent activation of zinc was accomplished of the induction period of the Blaise reaction, which will
with very reproducible outcomes. For the second problem
to the best of our knowledge, there is no report on the contro

'| (15) Clark, J. D.; Weisenburger, G. A.; Anderson, D. K.; Colson, P.-J.; Edney,
A. D.; Gallagher, D. J.; Kleine, H. P.; Knable, C. M.; Lantz, M. K.; Moore,
C. M. V.; Murphy, J. B.; Rogers, T. E.; Ruminski, P. G.; Shah, A. S.;

(12) Evolution of hydrogen should be noticed. Storer, N.; Wise, B. EOrg. Process Res. De2004,8, 51.

(13) Isolation ofl through extractive workup with ethyl acetate and subsequent (16) The thermokinetic data of the Blaise reactiordafsing 5 mol % MsOH
column chromatography of the residue showed 85—90% yield. (Figure 1d) are as follows: Cp initial [J/kg/KF 2167, Cp final [J/kg/K]

(14) Shin, H.; Choi, B. S.; Lee, K. K.; Choi, H.-w.; Chang, J. H.; Lee, K. W.; = 2640, total heat [kJF 271 (for 0.15 kg of4), molar heat [kJ/mol}=
Nam, D. H.; Kim, N.-S.Synthesi2004, 2629. 266, adiabatic temp rise [°GF 164.
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certainly make the reaction more controllable and viable for dropwise ethyl bromoacetate (11.5 kg, 68.1 mol) over 2.5
a large-scale operation. By using the established conditions,h, maintaining reflux. After a further 0.5 h, the mixture was
the pilot-scale runs of the Blaise reactiondof2 and 10 kg, cooled to 0—5°C, and 6 N HCI solution (25 L) and water
respectively) with ethyl bromoacetate were performed suc- (5 L) were added. The mixture was warmed to room
cessfully with complete reproducibility. temperature, and stirring was continued for 1 h. The mixture

In conclusion, we describe very efficient and environ- was cooled to 8C, and the formed solid was filtered, washed
mentally more benign synthesisof 1 using the Blaise  with cold ethanotwater (7:3, v/v, 30 L), and dried by
reaction as a key step. Moreover, the removal of the induction nitrogen purge to afford the produdt (10.6 kg, 72%).
period of the Blaise reaction using MsOH as an in situ Spectral data of: 'H NMR (400 MHz, CDC}) 6 7.81 (d,
activator of zinc enhanced its safety aspect to a great extentJ = 7.6 Hz, 1H);3C NMR (100 MHz, CDC}) 6 153.4 (d,

J =260 Hz), 146.6, 142.9 (dl = 20 Hz), 129.9 (dJ = 20

Experimental Section Hz), 112.9, 110.3. Physical and spectral data:ofmp 68-

Solvents and reagents were obtained from commercial 70 °C; 'H NMR (400 MHz, CDC}) 6 (enol form, 86%)
sources and used without further purification. NMR spectra 12.57 (s, 1H), 7.83 (d) = 7.6 Hz, 1H), 5.83 (s, 1H), 4.30
were obtained on a Bruker 400 MHz and a JEOL 500 MHz (q, J = 7.2 Hz, 2H), 1.34 (tJ = 7.2 Hz, 3H); (keto form,
spectrometer. HPLC analyses were carried out on a Hewlett-14%) 7.83 (dJ = 7.6 Hz, 1H), 4.20 (qJ) = 7.2 Hz, 2H),
Packard 1100 system and a Waters 490E detector and 6161.09 (s, 2H), 1.26 (t) = 7.2 Hz, 3H);**C NMR (100 MHz,
pump system. Mass spectra were collected using a FinniganCDCl;) 6 (enol form) 172.4, 165.1, 154.0 (d,= 270 Hz),
LCQ mass spectrometer system and a JEOL JMX-700 massl41.6, 138.7 (dJ = 20 Hz), 130.3, 126.9 (d] = 20 Hz),
spectrometer. 95.0, 61.2, 14.1; MS (APC/z): 284 (M+ 4), 282 (M+

Ethyl 2,6-Dichloro-5-fluoronicotinoyl Acetate (1). To 2), 280 (M").
a stirred suspension of zinc dust (Aldrich10 um, 5.1 kg,

78.5 mol) and 3-cyano-2,6-dichloro-5-fluoropyriding 0.0~ Acknowledgment
kg, 52.4 mol) in tetrahydrofuran (50 L) was added meth- Ve thank Drs. Youngwoon Kwon and Wangmo Jung of

anesulfonic acid (250.0 g, 2.6 mol), and the mixture was LG Chem for their assistance in acquiring the calorimetric
heated at reflux for 10 min. To the mixture was added analyses data.

(17) The percentage of atom economy of the process is 66.1% compared toReceived for review February 1, 2005.
41.1% of the diethyl malonate route of ref 6. However, the disposal of
zinc waste should be accounted for further scale-up. OPO050012A
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