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Abstract: Scheme 1. Retrosynthesis of ABT-492
The total synthesis of quinolone antibiotic ABT-492 has been
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achieved in 67% yield over nine steps from 2,4,5-trifluoroben- F F OEt

zoic acid. The highlights of this synthesis include a novel N . N |
chemoselective chlorination at the 8-position of a highly HO/C/
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elaborated quinolone core. In addition, a Lewis acid promoted N | N |
cyclization reaction to form the quinolone heterocycle was HoNTY HNTY
F F

developed which was incorporated into a one-pot, three-step

cyclization/coupling/protection sequence that proceeds in 93% ABT-492
yield. o o o
F F 12 X=Cl
[ oH___ OH b TH
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First introduced in the 1970s, the fluoroquinolone class X X

of antibiotics has assumed an expanding role in the treatmen
of bacterial infectiond.Due to the increasing incidence of
bacterial resistance to specific antibiotic chemotherapies,
research continues into the discovery and development of
new and more potent quinolone antibioticQuinolones
halogenated at the 8-position are often particularly pctent.
ABT-492, an 8-chI0r0-6-flu0r(_)-qginolon_e_deriva_tive, has Results and Discussion
been shown to possess good in vitro activity against Gram-
positive and Gram-negative strains and has been selecte
for clinical development.

A retrosynthetic analysis of ABT-492 is shown in Scheme ] o 0 9 o o 9

1 and is typical for this class of moleculeThe starting WOB i i

[ OEt [ OFEt
material for this retrosynthesis would be 3-chloro-2,4,5- [N Y. PO (R O S
trifluorobenzoic acid (1a, ¥X= Cl);5 however this approach ~ **° N Ao N j) N
HNTY HNTY cl HoNT Y
F F
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tdantoin (DCH) as an electrophilic chlorine soufdehis mild,
selective chlorination reagent is readily available and safe,
and its byproducts are nontoxic. Later we determined that
the use of NCS, catalyzed by protic acids, afforded excellent
yields without the use of halogenated solvents.

We initially investigated the chlorination of aceta?a
Qeq 1). According to a previous report, a 6-fluoro-7-

suffered from uncertain supplies and long lead times for the I

acquisition of la. Therefore, we investigated alternative, 2
nonchlorinated starting materials. In this paper, we describe Reagent Solvent / Temp. results
our synthesis of ABT-492 from 2,4,5-trifluorobenzoic acid S0,C1, CHyClp/ 209G 90% yield (HPLC assay), 1.4% 4
(1b, X = H), which was enabled by our development of a

. . . - . c. o ) )
late-stage, mild chlorination of the 8-position. Our first N CHyCly /5°C 87% isclated yield of 3
generation process employed 1,3-dichloro-5,5,-dimethylhy- OQMECI

DCH EtOAc or MeCN / RT incomplete reaction

*To whom correspondence should be addressed. E-mail: david.barnes@
abbott.com. . . . . . ..
(1) Emmerson, A. M.; Jones, A. Mlournal of Antimicrobial Chemotherapy ammoqumolqne derivative was chlorinated at the 8-position
2003,51 (S1), 13—20. using SQCI, in chloroform? When acetat®a was treated

(2) Hayashi, N.; Nakata, Y.; Yazaki, Antimicrobial Agents and Chemotherapy i B
2004,48, 799—803. Ball, PJournal of Antimicrobial Chemotheraf003, under th?se COﬂdItIOI’IS,. ghlorpacetatwas Inde,e'd formed
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1994, 33, 685-706. proved to be an unavoidable side reaction; this impurity was
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Scheme 2. Effect of ester protecting group on solubility
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FWO& R Solubility in EtOAc
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N N Me 2a 1.7 mg/mL
)J\O/C/ F Et 2b 0.2mg/mL
R N | CHMe, 2c 6.4 mg/mL
. Ph 2d 0.2mg/mL
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of 4 was attributed to the harshly acidic conditions ac-
companying the use of SOI;; therefore milder conditions
were explored. It was found that DCH in CkCl, cleanly
chlorinated the quinolone ring at the 8-position, and chlo-
roacetate3 was obtained with high purity in 87% isolated
yield. Although DCH is commonly employed as an inex-
pensive chlorine source for water treatmerits use in
aromatic chlorination has been surprisingly rate.

1 mol equiv of the hydantoin is employed in this reaction.
While the second chlorine on the hydantoin has been
demonstrated to be capable of chlorinating the quinolone
ring, the slower rate of the second chlorine transfer results
in the generation of additional byproducts over the extended
reaction time. With 1 mol equiv of DCH, the excess chlorine
oxidant can be cleanly decomposed with NaH8&€&he end
of the reaction.

Our synthesis of isobutyrate est@c is described in
Scheme 3. Starting from 2,3,5-trifluorobenzoic acid, acid
chloride formation is followed by reaction with the reagent
derived from potassium ethyl malonate and Mg€hfford-
ing ketoeste5 which is isolated in 94% vyield (two steps).
Condensation of ketoest&rwith triethylorthoformate pro-
vides a vinylagous ester, which in turn is condensed with
2,6-diamino-3,5-difluoropyridine 6 in MeCN/NMP to
prepare vinylagous amidéin 93% isolated yield and with
>95% purity.

Our initial cyclization conditions to isolate quinolone core
8 employed KCO; in DMSO at 60°C, but this resulted in
significant disproportionation to a mixture of bis-quinolones
9 (eq 2, hydroxyl-substitute@lb results from attack of water
on 9a). We postulate that under these basic conditions,

0O O o 0 O O
FMOB KoCOs FMOB FMOE
F FNH — O F N F @
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3% (9a and 9b combined)

N
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80%

diaminopyridine6 was an acceptable leaving group so that
amide exchange could occur with caBe We later found

This procedure completely consumes the starting materialthat when the reaction was promoted by a Lewis acid, no

and provides the chlorinated quinolone in good overall yield
in CH.Cl,. We have found that while the reaction proceeds
in EtOAc or MeCN, consumption of the starting material
was inconsistent. For example, in EtOAc;-2% of the
starting material typically remains even after stirring over-
night, and little of this intermediate is rejected in later
isolations.

disproportionation was observed. This is likely due to the
fact that deprotonation became rapid, thus removing the
protonated (and electrophilic) starting material from the
reaction medium.

Formation of isobutyrate este2c was ultimately ac-
complished via a three-step, one-pot procedure. First, cy-
clization was induced by DBU in the presence of 2 equiv of

These conversion issues were subsequently determined.iCl. Because of the activating effect of the lithium ion, this
to be the result of the low solubilities of both the starting reaction proceeds at ambient temperature and without dis-
material and product of the reaction. When the reaction was proportionation. To the resulting solution was added 3-aze-
sampled after stalling, it was found that no starting material tidinol hydrochloride and additional DBU, to effect the
remained in solution though starting material was detected coupling reaction. While less than 2 equiv of LiCl were
in the solids. Apparently, as chloroacetéecrystallizes required to promote the cyclization, the additional LiCl
during the course of the reaction, acetaées entrained in accelerated the amine coupling, leading to cleaner reactions
the solid. at lower temperatures. Also, while JB&t is a sufficiently

An increase in the solubilities of the reaction components strong base for the cyclization reaction, it was found that
would be expected to alleviate the entrainment problems. DBU was more effective in deprotonating the azetidine.
To modulate the solubility of the chlorination substrate and When the coupling reaction was run using inorganic base
product, we prepared alternative ester-protected substrate¢KHCOs, 60 °C), 1% of bis-coupled produddwas observed
and measured their solubilities in EtOAc. From this screen, at 99% conversion. Under the LiCl-promoted conditions, the
it was found that the isobutyrate ester provided a significant reaction can be pushed to 99.5% conversion with similar
solubility enhancement relative to the other groups examinedlevels of byproductlO.
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esters did display incomplete conversion when subjected to

(2b, 2d, Scheme 2). Indeed, the propionate and benzoate
.
chlorination reactions employing DCH in EtOAc. oy
HO

N

(8) Buffering the reaction with NaOAc helped (0.5 to 1% ring-opening observed) N

but did not completely alleviate the problem.
(9) Rao, Z.; Zhang, X.; Baeyens, W. R. Galanta,2002,57, 993—998.

(10) For the chlorination oN,N-dimethylaniline using DCH, see: Chao, T. H.;
Cipriani, L. P.J. Org. Chem1961,26, 1079—1081. For the use of DCH in
the chlorination of aryl boronic acids, see: Szumigala, R. H., Jr.; Devine,
P. N.; Gauthier, D. R., Jr.; Volante, R. P. Org. Chem2004,69, 566—
569.
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Finally, isobutyric anhydride was added to acylate the
alcohol. The product was crystallized by the addition of
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Scheme 3. Preparation of isobutyrate ester 2¢
o) o o 1) Ac,O, CH(OE)3
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7 93% 2c

aqueous citric acid; isobutyrate esBerwas obtained in 93%  'able 1. Effect of acids on chlorinations using NCS

yield from vinylagous amid&’ employing this sequence. - Q9
Other Lewis acids (MgGland ZnC}) were screened in this Ot o
sequence; MgGlproved effective in promoting the cycliza- 0 Ia, N N-chlorosuccinimide ®)
tion reaction, but the three-step one-pot reactions were lessMe o NASF EtOAc
clean. Me <
As an interesting side note, we also found that the H2N o o
cyclization reaction could be made catalytic in metal (eq 3). 2 F E
Substoichiometric (20 mol %) use of MgGlas ineffective | OFt
(presumably due to fluoride ion poisoning of the Lewis acid). Me 9 /C/N N
However, addition of TMSCI as a fluoride scavenger proved ¢ Clyz | F
effective, and complete conversion was observed in about 3 Me NS
h. r
"
o o . - o - -
. PINEL THE . 19 acid additive amount (equiv) yield (%)
‘ OEt > | OEt (3)
F FONH F N TFA/water 0.1-0.2 83
N N HCIO,4 0.1-0.2 95
HNT Y HoNT H3POy 0.1 90
F F H2SOy 0.065 90
7 8 (two steps include
Additive Result hydrolysis)
MgCl, (0.2 equiv) 27% conv. (15.5 h)
MgCly (0.2 equiv.) + TMSCI (1.2 equiv.) 99% conv. (3.25 h)
ZnCl, (0.2 equiv.) + TMSCI (1.2 equiv.) 23% conv. (3.25 h) We therefore concluded that a less electrophilic chlorinat-
LiCl (0.2 equiv.) + TMSCI (1.2 equiv.) 10% conv. (3.25 h)

ing agent was requiredN-Chlorosuccinimide showed prom-
ise when catalyzed by acids in EtOAcScreening of acids
showed several conditions to be effective; in particular,
reactions employing HCI§ H,SOy, and HPO, proceeded

in high yield and purity (Table 1, eq 5).

Aqueous HCIQ gave superior yield, purity, and product
color. In addition, it was felt that the use of an aqueous acid
source would circumvent the safety concerns associated with
anhydrous perchloric acid. However, when reaction mixtures
were monitored by KF coulometry, we observed that the
water content fell due to the acid-catalyzed hydrolysis of

The chlorination of isobutyrate est@c using DCH in
CH.CIl, worked well (eq 4), providing the chlorinated
quinolonellin 91% vyield as its MTBE solvate. When we
investigated alternative solvents, chlorination in EtOAc now
resulted in complete conversion as desired. However, we
observed variable isolated yields §5%), presumably due
to overchlorination during extended reaction times (a large
number of small byproducts were observed by HPLC).

o
. R a . 11 EtOAc. Therefore, kPO, and HSO, were chosen for
o MCE‘ M;,j\( o o additional investigation. Our final conditions employed 6.5
<] .
AT X e Me%o//:/N LY . @  mol%H,SQ,in 9:1 EtOAc/MeOAct® and the product was
e )NQ/ o e g obtained in 91% yield and 99% purity. Following a solvent
HoN % yiel H,oN . g .
’ =1 switch to 2-propanol and subsequent saponification, ABT-
2¢ 11
(12) Goldberg, Y.; Alper, HJ. Org. Chem1993,58, 3072. In the absence of
(11) Clay, R. J.; Collom, T. A.; Karrick, G. L.; Wemple, Synthesid993 290— added acid, no reaction was observed.
292. The reported procedure employs an aging of the reagent mixture for (13) This solvent combination afforded the cleanest product, presumably due to
6 hat 35 °C. the slightly higher solubilities afforded by the MeOAc cosolvent.
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492 was isolated in 8891% vyield for the two steps (eq 6).

keeping the temperature20 °C. After separating layers,

Thus, the synthesis of ABT-492 was accomplished in 70% the organic layer is washed with water (83 kg).

overall yield over nine transformations from trifluorobenzoic

acid.
o o0 g 0
F OEt F OH
° | 1) NCS, Hp804, EtOAc, MeOAC |
N N N N
6]
Me //:’ F 2) -PrOH, aq. NaOH HO/C’ Cly? [ F

88-91% yield (two steps}

2¢ ABT-492

The mechanism of the acid-catalyzed NCS chlorination

After a second run, the organic layers are combined and
distilled under a vacuum, and ethanol is added twice as a
chase distillation. The slurry was heatedd5 °C until all
the solids dissolve. The solution is cooled t&@ and water
(112 kg) is added to the resulting slurry. Following filtration,
the wetcake is washed with a cold 50% aqueous ethanol
solution and dried under a vacuum to give 85.6 kg of ethyl
(2,4,5-trifluorobenzoyl)acetateas a white solid (94% vyield
from 2,4,5-trifluorobenzoic acid).

H NMR (CDCl3) (keto) 6 7.75 (dddJ = 10.8, 10.8, 6.0

reaction is unclear. It has been proposed that treatment ofHz, 1H), 7.02 (ddd, 1H), 4.27 (d,= 7.2 Hz, 2H), 3.95 (d,

NCS with HCIQ, in hexanes, where the NCS is insoluble,
generates ClCIO,~ as the reactive chlorinating speci@s.

4.2 Hz, 2H), 1.35 (tJ = 7.3 Hz, 3H); €nol) 6 12.72 (s,
1H), 7.85 (dddJ = 10.5, 9.6, 6.6 Hz, 1H), 6.96 (ddd,=

However, it also seems reasonable that, under the currentl0.5, 10.5, 6.6 Hz, 1H), 5.84 (s, 1H), 4.23 (= 7.2 Hz,

conditions, where NCS is soluble, the active oxidant could
be a protonated form of NC.

In conclusion, we have developed new chlorination
reaction conditions for the installation of chlorine at the

2H), 1.27 (t,J = 7.4 Hz, 3H).
3-(2,4,5-Trifluorophenyl)-2-(N-[6'-amino-3',5-difluoro]-

aminopyridine)methylene-3-oxopropionic Acid, Ethyl Es-

ter (7). Ketoester5 (83.2 kg, 338 mol) and triethylortho-

8-position of a quinolone substrate, which were employed formate (80.1 kg, 540.7 mol) are heated to refls40°C)

in the synthesis of the quinolone antibiotic ABT-492. These and stirred for 30 min. Acetic anhydride (103.5 kg, 1014
conditions are notable for their mildness, which permitted mol) is then added, and heating continued for about 12 h.
their use in the presence of an acid-sensitive azetidine moiety. Then the mixture was cooled and diluted with NMP (210
kg) and acetonitrile (161 kg) and stirred. Water (3.0 kg, 169
mol) is added to the solution, which was then stirred for 10
min to decompose excess triethylorthoformate.

The resulting solution is added to a suspension of 2,6-
diamino-3,5-difluoropyridineg (57.4 kg, 395 mol), NMP
. _ (210 kg), and acetonitrile (161 kg). The reaction typically is
contents are brought up to 60 5 °C and mixed until the  complete in<1 h, and the resulting homogeneous solution
starting acid is consumed (typically 3 h). (CautioA large s added to water (662 kg) over 2 h, precipitating the yellow
amount of outgassing is observed in this process.) After hroqyct. The product is filtered, and the wetcake was washed
cooling the contents to 2%, the solution is distilled under  \yith a solution of acetonitrile (161 kg) and water (102 kg).

vacuum until approximately 750 L are left. Fresh toluene e \etcake is then washed with water (600 kg) and dried
(600 kg) is added, and a second distillation was brought down 4 g to provide 120 kg (93%) of the vinylagous amide
to 750 L. The final acid chloride solution is then used without 7 o< 4 mixture of andZ isomers

further purification. , Mp 157-160°C; 'H NMR (CDCls;, 300 MHz) (Eisomer)
Potassium ethyl malonate (50.8 kg, 298 mol), magnesium 5 4 15 (t, 3H), 4.16 (q, 2H), 4.64 (br s, 2H), 6.90 (M, 1H),

chloride (34.5 kg, 362 mol), and toluene (130 kg) are cooled - 5, t, 1H), 7.32 (m, 1H), 9.03 (d, 1H), 12.44 (bd, 1H):

to ~0 °C, and THF (265 kg) is added while keeping the 7 isomer)s 1.03 (t, 3H), 4.11 (g, 2H), 4.60 (br s, 2H), 6.90

tempe_rature<1p °C. The slurry is (_:ooled again to @C, (m, 1H), 7.20 (t, 1H), 7.48 (m, 1H), 8.90 (d, 1H), 11.17 (bd,
and triethylamine (75 kg, 742 mol) is charged. The suspen- 1H). Anal. Calcd for GH1FsNOs: C, 50.88; H, 3.01: N
sion is warmed to 56C and held fo 1 h atwhich pointthe 15747 Found: C. 50.83' H. 2.70- N. 10.32. n

solution becomes visibly thinner. The free flowing suspension . . - :

; . - : 1-(6-Amino-3,5-difluoropyridin-2-yl)-6-fluoro-7-(3-isobu-

![slrecoolec: tto GClggsztlrred forl ldr][. ;I'Qt]e act:d chlgrtlde tyryloxyazetidin-1-yl)-4-oxo-1,4-dihydroquinoline-3-car-

tﬁ uenel sto ution éo . g)h_p;relfooe %O O'CS E[:h arge ¢ 0 boxylic Acid, Ethyl Ester, 2c. To a solution of vinylagous
€ enolate over 5H min while keeping (the reactor — ide 7 (115 kg, 286 mol), LiCl (24.3 kg, 573 mol, 1.99

jacket was set at 10 °C). Typically the reaction is complete equiv) in NMP (768.6 kg) is added DBU (46.1 kg, 303 mol,

within 10 min. . . S )
The yellow suspension is slowly added to hydrochloric 1.06 equiv) over 1 h 40 min, maintaining the internal
temperature at 353C. The reaction temperature is then

acid (309 kg of water and 98 kg of concentrated HCI), adjusted to 23t 5 °C, and the reaction is stirred for 2 h.

(14) A mechanism in whiciN-chlorination on the substrate is followed by ~ When the cyclization is complete azetidine hydrochloride
chlorine transfer to the 8-position is considered unlikely. During the (33_9 kg, 309 mol, 1.08 equiv) is added followed by DBU

Experimental Section

Ethyl 2,4,5-trifluorobenzoyl acetate (5)° A reactor
is charged with 2,4,5-trifluorobenzoic acidg, 139.5 kg,
792 mol), toluene (613 kg), and DMF (8.4 kg, 14 mol %),
followed by thionyl chloride (139.4 kg, 1.58 equiv). The

chlorination reactions, we have observed by HPLC compounds which are

consumed by the bisulfite quench. Though we have not unequivocally
assigned their structures, we believe that they are in Kachlorinated
byproducts.

(15) Hay, A. M.; Hobbs-Dewitt, S.; MacDonald, A. A.; Ramage, Snthesis
1999, 1979-1985.
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(109.2 kg, 717 mol, 2.5 equiv) over 2 h. The reaction

temperature is then adjusted to 23 °C. After the addition

is complete, isobutyric anhydride (99.7 kg, 630 mol, 2.2
equiv) is added and the reaction is stifre h at 35°C and



then cooled to 23C, at which point ethyl acetate (104.2
kg) is added. A 10% citric acid solution (570 kg) is added,
and the resulting slurry is filtered and washed twice with
115 kg of water. The product is dried at 30 to yield 136
kg (93%) of the title product.

Mp 201-209°C; *H NMR (DMSO-ds, 400 MHz)d 8.49
(s, 1H), 8.00 (ddJ = 9.0, 9.3 Hz, 1H), 7.75 (d) = 12.8
Hz, 1H), 6.79 (br s, 2H), 5.95 (dd, = 1.5, 7.6 Hz, 1H),
5.21 (m, 1H), 4.36 (1) = 7.4 Hz, 2H), 4.02 (gqJ = 7.0 Hz,
2H), 3.95 (ddJ = 3.7, 9.2 Hz, 2H), 2.58 (hepd,= 7.0 Hz,
1H), 1.26 (t,J = 7.0 Hz, 3H), 1.11 (dJ = 7.0 Hz, 6H).
Anal. Calcd for G4H23FN4Os: C, 57.14; H, 4.60; N, 11.11.
Found: C, 56.86; H, 4.30; N, 10.89.

1-(6-Amino-3,5-difluoropyridin-2-yl)-8-chloro-6-fluoro-
7-(3-isobutyryloxyazetidin-1-yl)-4-oxo-1,4-dihydroquino-
line-3-carboxylic Acid, Ethyl Ester, 11. A solution of
isobutyrate estec (101 kg, 198 mol) in dichloromethane
(813 kg) at 5°C is added to a solution of 1,3-dichloro-5,5-
dimethyl hydantoinDCH (39.5 kg, 200.5 mol, 1.01 equiv),
in dichloromethane (540 kg) cooled to°€& over about 1.5
h. The reaction is quenched with cold aqueous sodium
bisulfite (50 kg in 500 kg water) over about 1 h, maintaining
the temperature at less than Z5. The layers are separated,
and the organic layer is washed with aq. NaH@@&n water.

=7.1, 2H), 4.46-4.30 (m, 2H), 2.60 (sepd,= 7.0 Hz, 1H),
1.37 (t,J = 7.1 Hz, 3H), 1.19 (dJ) = 7.1 Hz, 6H). MTBE:
3.21 (s, 3H), 1.19 (s, 9H). Anal. Calcd fopfEl,,CIFsN4Os
+ 0.4 (GH120) + 0.4 (CHCIy): C,51.82; H, 4.55; N, 9.16.
Found: C, 51.77; H, 4.33; N, 9.01.
1-(6-Amino-3,5-difluoropyridin-2-yl)-8-chloro-6-fluoro-
7-(3-hydroxyazetidin-1-yl)-4-oxo-1,4-dihydroquinoline-3-
carboxylic Acid (ABT-492), NCS ProcessA solution of
N-chlorosuccinimide (25.3 kg, 190 mol, 1.03 equiv) in
methyl acetate (419 kg) at I°C was treated with sulfuric
acid (0.56 kg, 5.7 mol, 0.03 equiv). The resulting solution
was transferred to a slurry of chloroisobutyrate(92.7 kg,
184 mol) in ethyl acetate (244 kg) at T. The reaction
was quenched/washed with 1.5% aqueous sodium bicarbon-
ate (370 kg), washed with 10% aqueous sodium sulfite (200
kg), and concentrated. The concentrate was dissolved in
2-propanol, treated with 4% (w/w) agueous potassium
hydroxide (750 kg), and stirred at 5@ until hydrolysis
was complete. After filtration, the reaction was treated with
12% aqueous acetic acid (410 kg), and the product was
collected by filtration. The filtrant was washed with water
and dried at 50C to provide 73 kg of product. Mp: 238
241°C.H NMR (CDCls) 6 14.63 (brs, 1H), 8.70 (d] =

The solution is distilled under a vacuum and then chased 0-7 Hz, 1H), 7.95 (ddJ = 9.9, 0.7 Hz, 1H), 7.83 (d] =

with MTBE, during which the product begins to crystallize.
After another chase, the product slurry is cooled t6C
and isolated by filtration. After drying under a vacuum at
65 °C for 12 h, 109.2 kg (91%) ofl is isolated. NMR
indicated 0.4 equiv of MTBE and 0.4 equiv of QEl,.

Mp 103—104°C. 'H (CDCl3/400 MHz) 6 8.35 (s, 1H),
7.95 (d,J = 13.9 Hz, 1H), 7.24 (t) = 8.4 Hz, 1H), 5.26-
5.16 (m, 1H), 5.12 (bs, 2H), 4.831.73 (m, 2H), 4.36 (qJ

13.6 Hz, 1H), 6.75 (s, 2H), 5.75 (d,= 5.8 Hz, 1H), 4.61
(m, 12H), 4.47 (m, 1H), 4.18 (m, 2H). Anal. Calcd for
CigH12CIFsN4O4: C, 49.05; H, 2.74; N, 12.71. Found: C,
48.90; H, 2.48; N, 12.62.
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