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L. INTRODUCTION

The work described herein was performed under Contract No. DAMD17-93-
C-3002 for the Division of Medicinal Chemistry, Walter Reed Army Institute of
Research, Walter Reed Army Medical Center. The purpose of the contract was to
maintain and operate a synthesis laboratory to provide chemical compounds needed in the

Drug Development Programs of the U.S. Army Medical Research and Development
Command.

This report will summarize work performed, i.e., compounds submitted over
the 5 year period from December 1, 1992 through 30 November 1997. In this summary
report, all of the 58 compounds (59 lots) which were prepared and submitted are listed
chronologically in Table 1 by the compound number (1 to 58) and by the chemical name
and Walter Reed number (horizontal headings). Under each of the 58 compounds are
listed the sample Code Numbers, weight in grams, date shipped, bottle number, and the
Annual Report reference to the experimental writeup for a representative sample of each
compound. '

The preparation of each compound submitted is discussed in Section 2 and
work abandoned is presented in Section 3. The experimental procedures for compound
41 through 58, submitted during the last year of the subject contract, are presented in
Section 4 of this report and references cited are listed in Section 5.
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TABLE 1

OMPQUNDS PREPARED AND SUBMITTED UNDER CONTRACT

VL N A A N e e e R

DAMD17-93-C-3002

December 1, 1992 to November 30, 1997

Compound Summary No. and Name (WRAIR Number)

ASI Wt. Date WRAIR Experimental
Lot No. g Shipped Bottle No.  Ref. No. Page No.

Cvsteamine p-methoxyphenyl disulfide hydrochloride 2944

CT-5-52 40 - 5/17/93 BM17478 1 25
Cysteamine p-hydroxyphenyl disulfide hydrochloride (WR 254846)
CT-5-77 30 6/17/93 BM17807 1 27

2,5—Dihydroxy—2,5-bisgmethoxycarbonyl)-l,4-dithiane (methyl B-mercapto-
pyruvate dimer) (WR 279549) ‘

CT-5-99 8 7/20/93 BM18055 1 28

Methyl 3-methylthio-2-oxopropionate (WR 279548)

CT-5-35 8 7/20/93 BM18064 1 30

quinoline DI -tartrate (WR 24251 1)
PAS-02-285 2,240 9/29/93 BM19356 1 30

2.5-Dihvydroxy-2.5-bis(hydroxycarbonylmethyl)-1.4-dithiane (WR 279678)

CT-5-163 3.5 1/18/94 BN35266 2 29

L-Cvsteine isopropyl ester hydrochloride (WR 279680)

CT-5-176 30 1/26/94 BN35293 2 31

L-Cysteine cvclohexyl ester hydrochloride (WR 279681)

CT-5-185 40 2/01/94 BN35300 2 31
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TABLE 1 (Continued)

ASI Wt. Date WRAIR Experimental
Lot No. - Shipped Bottle No.  Ref. No. Page No.
9)
(3-trifluoromethylphenoxy)quinoline dihydrochloride (WR 279816)
CT-5-244 5 5/24/94 BN37975 2 32
10) (+)-3-(2-Propoxy)-17-methylmorphinan fumarate (WR 279849)
PAS-04-57 8 7/26/94 BN39040 2 48

11) (+)-3-Ethoxy-17-methylmorphinan hydrochloride (WR 279862)

PAS-04-89 9.5 8/04/94 BN39184 2 54
12) 8-Hydroxyoctanoic acid (WR 279875)

RMS-1-18 30 8/15/94 BN39595 2 57
13) (+)-3-Amino-17-methylmorphinan dihydrochloride (WR 279898)

CT-6-20 10 9/07/94 BN39853 2 59
14) 4-(2-Hydroxyethyl)benzoic acid (WR 279899)

PAS-04-115 8.5 9/07/94 BN39862 2 63
15) 4-(2-Hydroxyethylthio)benzoic acid (WR 280030)

DJD-13-240 '10 11/30/94 BN42592 2 65
16) 6-(2-Hydroxyethylthio)hexanoic acid (WR 280029)

KB-02-31 28 11/30/94 BN42609 2 69
17) Bis[(2-acetylamino-2-carboxyethylthio)ethyl]sulfone (WR 280109)

. CT-6-61 15 1/18/95 BN43544 3 24

18)

phenylnonoxy)quinoline fumarate (WR 256408)

DJD-13-280 34 2/28/95 BN45057 3 25




TABLE 1 (Continued)

19)

20)

21)

22)

23)

24)

25)

26)

ASI Wt. Date WRAIR Experimental
Lot No. g Shipped Bottle No. Ref. No. Page No.
2-(2-Acetylamino-2-carboxyethylthio )-2'-chlorodiethyl sulfone (WR 280244)
DJD-13-302 20 4/05/95 BN46705 3 - 32

trifluoromethylphenoxy)quinoline fumarate hydrate (WR 280407)
CT-6-208 5 8/03/95 BN57422 3 34

trifluoromethylphenoxy)quinoline fumarate hydrate (WR 280408)
CT-6-212 5 8/03/95 BN57431 3 34

2-(2-Acetylamino-2-carboxyethylthio )-2'-mercaptodiethyl sulfone
(WR 280462)

DJD-14-116 7.5 11/01/95 BN63519 3 46

methylquinoline hemisuccinate (WR 280510)
CT-6-284 5 12/19/95 BN65139 4 40

methylquinoline hemisuccinate (WR 280511)
CT-6-287 5 12/19/95 BN65148 4 40

triflucromethylphenoxy)quinoline succinate (WR 238605)

KB-02-201 1,060 1/17/96 BN65479 4 46
DJD-15-93 386 2/18/97 BN85640 (a)
3-Dimethylaminocarbonvlox idine (WR 256235

DJD-14-181 5 2/12/96 BN67571 4 67

—--~———-——~—-—————-




TABLE 1 (Continued)

ASI Wit. Date WRAIR Experimental

Lot No. g Shipped Bottle No. Ref. No. Page No.
27)

methylquinoline dihydrochloride (WR 280528)

CT-7-18 4 2/21/96 BN67759 4 68
28) 3-Methylaminocarbonyloxypyridine (WR 178197)

DJD-14-189 3.5 2/21/96 BN67740 4 80
29) 1-Methyl-3-methylaminocarbonyloxypyridine iodide (WR 280593

DJD-14-199 2 3/27/96 BN69235 4 81
30) 3-Dimethylaminocarbonylox idine 1-oxide (WR 280594

DJD-14-210 6 3/27/96 BN69244 4 82

31 8-[(4-Amino-1-methylbutyl)amino -5-hydroxy-6-methoxy-4-methylquinoline
dihydrobromide (WR 280612)

CT-7-52 8 4/17/96 BN70176 4 83

32) N.N-Dimethyl-2-fluoro-5-(trifluoromethyl)benzenesulfonamide
WR 280649

CT-7-87 1 6/03/96 BN71084 4 87

33) 2-Fluoro-5-(triflucromethyl)benzenesulfonyl chloride (WR 280675)
CT-7-95 40 6/11/96 BN71735 4 89

34) 91

methylquinoline dihydrochloride, half-hydrate (WR 280682)

DJD-14-258 7 6/19/96 BN72116 4

35) (+)-0.-[2-(Butylamino)ethyl]-1.3-dichloro-6-(triflucromethyl)-9-
phenanthrenemethanol hydrochloride (WR 280823)

CT-7-133 1.2 9/09/96 BN78896 4 102




TABLE 1 (Continued)

36)

37)

38)

39)

40)

41)

42)

43)

44)

ASI Wit. Date WRAIR Experimental
Lot No. g Shipped Bottle No.  Ref. No. Page No.

phenanthrenemethanol hydrochlonde (WR 280691)
CT-7-136 1.2 9/09/96 BN78903 4 103

1.5-Dihvdro-4H-imidazo[4.5-c]pyridin-4-one (WR 280824)

DID-14-290 0.5 9/09/96 BN78912 4 105

8-[(3-Carboxy-1-methylpropyl Jamino]-5-(1-hexyloxy)-6-methoxy-4-
methylquinoline (WR 280829) .

CT-7-143 2 9/24/96 - BN79811 4 111

2.Chloro-5-(trifluoromethyl)benzenesulfonyl chloride (WR 280846)

CT-7-154 50 10/09/96 BNg0547 4 113

8-[(4-Amino-1 -methylbutyl)amino]-5 =6-dih3gdroxy—4—methylguinoline
hydrobromide. hydrate (WR 380870)

CT-7-166 1 11/12/96 BNg&2390 4 - 114

(S)-N-[[3-(3 Fluoro-4-morpholinylphenyl)-2-0x0-5-oxazolidinylJmethyl]-
acetamide (WR 280893)

CT-7-182 '35 12/16/96 BNS83422 (a)
1-Amino-3-dimethylamino-2-propanol (WR 280902)
KB-02-292B 20 1/07/97 BN&83995 (a)

2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-( trifluoromethylphenyl]-

propenamide (WR 280903)
CT-7-185 2.5 1/07/97 BN84009 (a)

2--Cvano-3-cyclopropyl-3-hydroxy-N-{4-( trifluoromethoxv)phenyl]-

propenamide (WR 280904)
CT-7-188 3.5 1/07/97 BN84018 (a)




TABLE 1 (Continued)

45)

46)

47)

43)

49)

50)

51)

52)

ASI Wt. Date WRAIR Experimental
Lot No. g Shipped Bottle No. Ref. No. Page No.

2-Cyano-3-cyclopropyl-3-hydroxy-N-(3-fluoro-4-morpholinylphenyl)-

ropenamide (WR 280991
DJD-15-87 5 2/04/97 BNR85613 (a)

(S)-[N-3-(3-Fluoro-4-morpholinylphenyl)-2-0x0-5-oxazolidinyl jmethyl-

amine hydrochloride (WR 281024)
CT-7-240 0.4 3/17/97 BN87288 (a)

2-Cvano-3-cyclopro

phenyl]lpropenamide (WR 281039)
CT-7-242 1.8 3/24/97 BN87359 (a)

1,3.4.6-Tetrachloro-7.8-diphenyl-2,5-diiminoglycoluril (WR 280892)

DJD-15-111 1,025 3/31/97 BN87564 (a)

oxazohdmyl Imethyl]acetamide (WR 281130)
CT-7-291 2.5 5/28/97 BN88810 (a)

oxazolidinyl]methyllcvclopropanecarboxamide (WR 281131)
CT-7-295 2.5 5/28/97 BN&8829 (a)

3,5-Bis(4-chloropenyD)-a.-[2-(butylamino)ethyl |benzenemethanol
hydrochloride (WR 281240)

DJD-15-172 4 7/21/97 BN91086 (@

5-Hydroxy-6-methoxy-4-methyl-8-nitroquinoline (WR 249332)

~ CT-8-20 3 8/11/97 BN91602 ()




TABLE 1 (Continued) -

ASI Wit. Date WRAIR Experimental
Lot No. g Shipped Bottle No. Ref. No. Page No.
53) 8-Amino-5-hydroxy-6-methoxy-4-methylquinoline hydrochloride
(WR 279310)
CT-8-46 3 7/21/97 BN91540 (a)
54) 6-Methoxy-4-methyl-5.8-quinolinedione (WR 281280)
CT-8-58 3 8/11/97 BN91611 (@
55) 5(6)-Chloro-2.2’-bibenzimidazole (WR 281319
DJD-15-193 3 8/19/97 BN92056 (@)
56) 5 8-Dihydroxy-6-methoxy-4-methylquinoline
CT-8-74 4 9/03/97 (@)
57) 5.Chloro-2.2’-bibenzoxazole (WR 281381)
DID-15-236 4.5 9/30/97 BN93366 (a)
58) 2-(Benzimidazol-2-y1)-5-chlorobenzoxazole (WR 201847)
DID-15-245 4.5 10/14/97 BN93491 (a)
a) This report




2. DISCUSSION OF WORK COMPLETED
The 58 assignments completed during the past five years are discussed below.

2.1 Cysteamine p-methoxyphenyl disulfide hydrochloride (WR 2944

CHao—O S-8-CH,CH,NH,-HCI

A synthesis procedure employing the reagent diethyl azodicarboxylate was
provided by the Contracting Officers Representative (COR). A review of the procedure
revealed that workup of the reaction mixture involved a lengthy soxhlet extraction and
the product was isolated in only a 22% yield. We considered this method rather
cumbersome for the current larger scale preparation. ‘An alternative route to
unsymmetrical disulfides has been described in the literature (5) and we used this
approach as outlined in Chart No. 1. Thus, cysteamine was oxidized with hydrogen
peroxide in the presence of potassium iodide to give the sulfonothioate 1. Next, a small
sample of this material was treated with p-methoxythiophenol to yield, after workup and
crystallization, pure product 2 (30%). Although the yield was still low, the workup and
purification procedure was much simpler. The reaction of intermediate 1 with 4-
methoxythiophenol was repeated in two larger scale runs and the purified product of both
runs was combined and recrystallized to yield 65% of pure disulfide 2.

2.2 Cysteamine p-hvdroxvyphenvl disulfide hvdrochloride (WR 254846

HO —@— S-S-CH,CH,NH,HCl

The request was for 25 g of the title disulfide. Preparation of the compound
was explored via the same route used successfully to prepare the p-methoxyphenyl
analog described in section 2.1 above and shown in Chart No. 1. Although the reaction
of intermediate 1 with p-hydroxythiophenol appeared to proceed satisfactorily, the
solubility characteristics of the product differed considerably from those of the p-
methoxyphenyl compound. As a result, product isolation and purification proved to be
quite difficult. A sample of pure disulfide was obtained in low yield. Accordingly,
preparation of the compound via the synthesis route shown in Chart No. 2 was
investigated. Thus, cysteamine hydrochloride was treated with diethyl azodicarboxylate
to give the adduct 1. Compound 1 was not isolated but treated directly with p-
hydroxythiophenol to yield crude product 2. The crude product was converted to the free




CHART NO. 1

CYSTEAMINE P-METHOXYPHENYI.DISULFIDE HYDROCHLORIDE (WR 2944)

| S-CH,CH,NH,
HO, 2HCI
HSCH,CHNH,HCI ~ ————=
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CH,0 AO' SH
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CHART NO. 2

CYSTEAMINE P-HYDROXYPHENYL DISULFIDE HYDROCHLORIDE

(WR 254846)

0O o)

HSCH,CH,NH,-HCI + C,Hs0C-N=N-C-OC,H;
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base as part of the purification process, then treated with hydrogen chloride to give, after
recrystallization, pure compound 2 in an overall 33% yield.

2.3 2.5-Dihydroxy-2.5-bis(methoxycarbonyl)-1.4-dithiane ( methyl B-
mercapto vate dimer) (WR 279549

HO S
CH,0,C >[
S CO,CH,
OH

The compound requested was methyl 8-mercaptopyruvate. Although the
sodium and ammonium salts of B-mercaptopyruvic acid have been described in the
literature, we were not able to find any reports of the requested methyl ester. Based on
synthesis reports of analogous structures, the simplest route to this compound appeared to
be via the bromoester as outlined in Chart No. 3. To this end, commercial methyl
pyruvate was purified by distillation, then brominated using a literature procedure (6) to
give methyl bromopyruvate (1). Treatment of compound 1 with sodium hydrogen sulfide
gave a good yield of a crystalline solid which had acceptable elemental analysis (carbon,
hydrogen and sulfur) for the desired product 2. The nuclear magnetic resonance (NMR )
spectrum, however, showed a pair of doublets for the methylene protons indicating
nonequivalent protons coupled with each other. This data is not consistent with structure
2 but is consistent with structure 2a. In addition, the compound showed a strong
hydroxyl absorption band in the infrared spectrum which is also consistent with structure
2a. The reaction of 1 with hydrogen sulfide in the presence of base was repeated several
times with similar results. Attempts to dissociate the dimer with acid or base and isolate
a stable monomer failed. Accordingly, the crystalline dimer was submitted to WRAIR.

We note that B-mercaptopyruvic acid has been reported to form the same type
of dimer (7,8).

2.4 Methvl 3-methylthio-2-oxopropionate (WR 279548)

o0

CH,SCH,CCOCH,

The title compound was prepared as shown in the bottom part of Chart No. 3
by the reaction of methyl bromopyruvate with the sodium salt of methyl mercaptan. The
initial trial run gave a crystalline solid with acceptable elemental analysis for structure 3.
The NMR of this material showed a vinyl proton and a hydroxyl proton which is
consistent with the enol form of compound 3. The reaction was repeated and the product
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CHARTNO. 3

METHYL 3-MERCAPTO-2-OXOPROPIONATE (WR 279549) AND

METHYL 3-METHYLTHIO-2-OXOPROPIONATE (WR 279548)

00 00
I Bry I NaSH
CH,CCOCH, . BrCH,CCOCH, >
1
B ] HO
00 S
I — . CHOC
HSCH,CCOCH, s CO,CH,
| i OH
2 2a
00
CHLSN I
1 o8 _ CH,SCH,CCOCH,

3

13




was distilled twice to yield a liquid with acceptable elemental analysis and consistent
NMR with structure 3.

2.5

methylquinoline DL-tartrate (WR 242511)

L
(CHys ‘I‘OOH
o  CHs CHOH
CH,0 CHOH
~ COOH
N
HN ~_
_CH(CH)NH,
CH,

Synthesis of the title compound, fumarate salt, has been reported in the
literature (9). A 500 g lot of the tartrate salt was prepared in these laboratories under an
earlier contract (10). The current resynthesis utilized the same synthesis route shown in

Chart No. 4.

By this route, veratrole was nitrated by the successive treatment with 70%
nitric acid followed by 98% fuming nitric acid to give dinitroveratrole 1. Reaction of
compound 1 with methanolic ammonia at 115°C gave nitroaniline 2. Compound 2 was
treated with methyl vinyl ketone in the Skraup reaction to yield nitroquinoline 3. The
purification of compound 3 requires column chromatography followed by
recrystallization. However, treatment of the crude product with aqueous methanol-
isopropanol mixture prior to chromatography removed a large portion of the polymeric
side products and thus reduced the amount of material be chromatographed. The 5-O-
methyl group in compound 3 was cleaved with ethanolic hydrochloric acid to give 5-

hydroxyquinoline 4.

The conversion of compound 4 to the 5-hexyloxyquinoline 5 was studied
briefly prior to scaleup. Based on previous work, the crude product 5 requires
purification by double chromatography. The goal was to modify the reaction conditions
such that less side products were formed or alternatively simplify the purification
procedure. To this end, a sample of hydroxyquinoline 4 was treated with 1-iodohexane

“and potassium carbonate in aqueous ethanol as solvent. After a 20-hour reflux period,
only a trace of product 5 was formed as analyzed by thin-layer chromatography (TLC).
Under these conditions, the highly insoluble quinoline 4 was converted to the potassium
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CHART NO. 4

8-[(4-AMINO-1-METHYLBUTYL)AMINO]-5-(1-HEXYLOXY)-6-METHOXY-

5 4-METHYLQUINOLINE DL-TARTRATE (WR 242511

. OCH, OCH,
CH,0
CH,0 3
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+ CH,CCH=CH, —— - N
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CHART NO. 4 (Continued)

0
(CH,)sCH, |I (CH,)sCH;
0 CH, N (CH,);CHCH;, o} CH,
CH,O
CH,0 o] 3
Z | o = I
NS
NN
N N
NH, HN _
8 CH(CH,);N
- CH;
(CH,)sCH,4
| 10
| (o] CH,
(o]
1) H,NNH, CH,0 P c]:o H
— CHOH
2) cI:OOH O
A CHOH
(CHOH), N ]
COOH
COOH
| HN
| >CH(CH2)3NH2
CH,
11 (WR 242511)
- Preparation of 4-lodopentylphthalimide (9)
(0]
Br
NaBr I
HQSO CH,CH(CH,),Br
z o]
Br I
| Nal N(CH,) éHCH
_— 2)3 3
N(CH,);,CHCH, Acetone
(o]
8 9
16

NK —




salt which is also highly insoluble and thus failed to react with the iodohexane. In
another trial run, quinoline 4 was treated with 1-iodohexane in the presence of A
diisopropylethylamine using toluene as the solvent. After a 40-hour reflux period a smalil
amount of product § was observed by TLC. After an additional 4 days at reflux, more
product 3 had formed but the reaction was not nearly complete. In yet another trial
reaction, quinoline 4 was treated with iodohexane in the presence of tetraethylammonium
hydroxide in isopropanol as solvent. Product formation was observed after a 3-hour
reflux period. After 24 hours, analysis by TLC showed a fairly strong product spot along
with substantial amounts of various decomposition products.

In view of these results, the two-phase alkylation method used in the earlier
work (10) was reevaluated. The procedure was modified in that chlorobenzene was
replaced with toluene and, more importantly, tetrabutylammonium iodide/sodium
hydroxide was substituted for the commercially available tetrabutylammonium
hydroxide. Although no improvement in yield was realized, the latter change minimized
the formation of tarry byproducts and simplified the workup-purification procedure.

Reduction of compound 5 with iron-acetic acid proceeded satisfactorily to
give 8-aminoquinoline 6. Pure, first-crop material was obtained in 77% yield vs 65% in
the previous large scale preparation.

The iodopentyl sidechain reagent 9 was prepared from 2-methyltetra-
hydrofuran by a standard, three-step sequence shown at the bottom of Chart No. 4.

Reaction of the iodopentyl sidechain with 8-aminoquinoline 6 in the presence
of diisopropylethylamine gave the phthalimido protected target quinoline 10. The crude
product could not be purified by crystallization and required extensive chromato-graphy.
Although the procedure was tedious, by recycling the chromatography forecuts and
tailcuts pure product 10 was obtained in 88% yield vs 62% in the previous large scale
preparation (6). The compound is a solid with a poorly defined melting point. Attempts
to recrystallize small samples of the solid met with poor success. The compound had a
tendency to oil, crystal formation was slow and recovery was poor. In addition, the
compound appeared to crystallize in at least two different crystal forms and the
recrystallized sample still had a broad, poorly defined melting point. Elemental analysis,
thin-layer chromatography and NMR of the unrecrystallized solid indicated high purity.
Accordingly the compound was used as such in the next step.

Treatment of intermediate 10 with hydrazine cleaved the phthaloyl protecting
group to give the target quinoline free base which was converted to and characterized as
the crystalline DL-tartrate salt.
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2.6 2.5-Dihvdroxy-2.5-bis(hydroxycarbonylmethyl)-1.4-dithiane
(WR 279678)

HO,CCH,

S
”°>[ j<°”
. S

CH,CO,H

The original request was for 4-mercapto-3-oxobutanoic acid sodium salt.
Considerable synthesis effort was devoted to this assignment. Several approaches were
investigated and are discussed in a previous report (1). The acid was successfully
prepared via the route shown in Chart No. 5 at which time it was found that the
compound rapidly dimerizes to form a crystalline 1,4-dithiane. Attempts to prepare a
solid salt with acceptable elemental analysis failed. Accordingly, the dimeric acid was
submitted for evaluation. '

Turning to Chart No. 5, methyl 4-chloroacetoacetate was hydrolyzed with
dilute hydrochloric acid to chloroacid 1. Compound 1 was carefully purified to remove
the chloroacetone sideproduct, then it was treated with sodium hydrogen sulfide to give,
after workup, a mixture of sodium chloride and mercaptoacid sodium salt 2. Separation
of this salt mixture proved to be very difficult and compound 2 could not be isolated in
sufficiently pure form for a satisfactory characterization. Accordingly, the mixture was
acidified with aqueous sodium hydrogen sulfate and extracted with ethyl acetate to give
acid 3, isolated as the crystalline dimer 4. The NMR spectrum of the product as a dilute
solution in dimethylsulfoxide is consistent with structure 3 or structure 4. The infrared
spectrum of the solid (KBr pellet) clearly supports structure 4 by the absence of a ketone
carbonyl and a strong hydroxy! absorption. This result is not totally unexpected since B-
mercaptopyruvic acid is reported to form a similar dimeric structure (7,8).

2.7 L-Cysteine isopropy! ester hydrochloride (WR 279680)

NH, -HCl

HSCH,CHCO,CH(CH;),

Synthesis of the title compound has been reported in the literature (11). The
same general procedure was used in the current work which involved treating L-cysteine
with isopropanol and dry hydrogen chloride. The crystalline salt was isolated by
filtration and purified by recrystallization from isopropanol.
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CHARTNO. 5

2.5-DIHYDROXY-2.5-BIS(HYDROXYCARBONYLMETHY]T )-1.4-DITHIANE

(WR 279678)

HCI
CICH,COCH,CO,CH; —™  CICH,COCH,CO,H + CICH,COCH,

1

1 , NahS _ HSCH,COCH,CO,Na
2
NaHSO,
HO,CCH, s
H o>[ j<°“' ==———  HSCH,COCH,COH
S CH,CO,H
3
4
WR 279678
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2.8 L-Cvsteine cyclohexyl ester hydrochloride 279681

NH, -HCI

HSCHZCHCOZ‘—@

The title ester was prepared by a literature procedure (11) which involved the
reaction of L-cysteine with cyclohexanol in he presence of hydrogen chloride. The crude
product contained a minor impurity which proved difficult to remove by recrystalliza-
tion. Purification was better effected by conversion of the salt to the free base followed
by treatment with silica gel and reconversion back to the hydrochloride salt.

2.9
trifluoromethylphenoxy)quinoline dih drochloride (WR 279816
CF,
2HCI
O  CH,
HO
N
A =
N OCH,

AN~ CH(CH,NH
CH, e 2)3NF2

The title compound, a potential metabolite of WR 238605, was synthesized by
the lengthy route shown in Chart No. 6. The starting quinoline 1 is an intermediate in the
synthesis of WR 238605 and was prepared as described in section 2.23 below. Treatment
of 1 with concentrated hydrobromic acid gave the 6-hydroxyquinoline 2. Compound 2
was benzylated in a two-phase system in the presence of tetrabutylammonium hydroxide
to give benzyloxyquinoline 3. Compound 3 was reduced with iron-acetic acid and the
product was purified by recrystallization to give pure 8-aminoquinoline 4. Next,
compound 4 was treated with phthalic anhydride to give the 8-phthalimidoquinoline 3.
The conversion of 5 to the N-oxide 6 was studied first in small scale trial reaction. The
oxidation was slow and required an excess of peracid to proceed to near completion.
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CHART NO. 6

8-[(4-AMINO-1-METHYLBUTYL)AMINO]-6-HYDROXY-2-METHOXY -4-

METHYT -5-(3-TRIFLUOROMETHYTLPHENOXY)QUINOLINE (WR 279816
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CHART NO. 2 (Continued
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However, the use of a large excess of peracid and a long reaction time to consume all of
the starting quinoline 5 led also to considerable decomposition of N-oxide 6. By proper
adjustment of the reaction conditions, a small preparative run gave an acceptable (65%)
yield of compound 6. The reaction was repeated on a larger scale and gave pure N-oxide
6 1n 70% yield. Treatment of 6 with phosphorus oxychloride gave 2-chloroquinoline 7.
The phthalimide protecting group was removed with hydrazine to give 2-chloro-8-
aminoquinoline 8 and the 2-chloro group was displaced with sodium methoxide to yield
2-methoxyquinoline 9. Compound 9 was coupled with 4-iodo-1-phthalimidopentane in
acetonitrile solvent using N,N-diisopropylethylamine as the base to give quinoline 10, a
crystalline solid. Removal of the phthaloyl protection in 10 with hydrazine gave
precursor quinoline 11, isolated initially in the form of a crystalline hemisuccinate salt.

The last step in this reaction sequence entailed the removal of the 6-benzyloxy
group. Hydrogenation of 11a over 10% palladium-on-carbon catalyst appeared to
proceed satisfactorily but analysis of the product mixture by TLC showed the formation
of several products. This proved to be misleading since it was observed in later runs that
simply drying the TLC plate with an air-gun prior to development led to partial
decomposition of the product with the result that multiple spots were seen when the plate
was developed. Hydrogenation over palladium black proceeded somewhat more readily;
however, product 12 succinate salt was obtained in the form of a gum and proved to be
highly unstable. The compound decomposed rapidly during attempted crystallization. In
view of this, the hemisuccinate 11a was converted to a dihydrochloride 11b.
Hydrogenation of this material gave product 12 as an amorphous, hygroscopic solid
which decomposed rapidly when exposed to the atmosphere. The compound slowly
crystallized from an isopropanol-petroleum ether mixture and once crystalline, could be
readily recrystallized. The NMR spectrum showed that this product contained
isopropanol of crystallization which could not be easily removed by drying.

Accordingly, the material was recrystallized from ethanol-petroleum ether mixture. This
gave product 12 in the form of a monohydrate containing one-third mole ethanol of
solvation. A small sample, dried for 4 h at 80°C and reduced pressure showed some
decrease in the ethanol of solvation. Extended drying (20 h) removed most of the ethanol
but caused changes in the NMR spectrum and a partial loss of chlorine as evidenced by
elemental analysis. Accordingly, the compound was submitted as the partial ethanolate
in order to avoid possible decomposition during the drying process.

We note that the compound is quite unstable and decomposes slowly when the
solid is exposed to the atmosphere and quite rapidly when a solution is exposed to the
atmosphere.
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2.10 +)-3-(2-Propoxy)-17-methylmorphinan fumarate (WR 279849
NCHs CO,H
o
L
o

OCH(CH,)

Synthesis of the title compound, a potential anticonvulsant agent, has been
reported in the literature (12). The same route (Chart No. 7) was followed to prepare the
current sample. Some modifications had to be made, however. Thus, in the literature
procedure, intermediates 2 and 4 were not purified. They were analyzed by TLC and
taken directly on to the next step. In our hands, this approach gave a low yield of poor
quality final product. Accordingly, we purified the non-crystalline intermediates by
column chromatography, then proceeded to the next step in the sequence.

Turning to Chart No. 7, dextromethorphan hydrobromide was converted to the
free base, then treated with 1-chloroethyl chloroformate to give the N-demethylated
product 1, isolated as the hydrochloride salt. Compound 1 was converted to the free base
and formylated with ethyl formate-formic acid to give, after chromatography, pure N-
formyl derivative 2. Treatment of 2 with boron tribromide gave the O-demethyl
intermediate 3 which was not purified but was treated directly with isopropyl bromide to
yield the O-alkylated product 4. Compound 4 was purified by chromatography, then
reduced with lithium aluminum hydride to the title compound 5 free base. The free base
was treated with fumaric acid to give, after recrystallization, pure target fumarate salt.

2.11 +)-3-Ethoxy-17-methylmorphinan hydrochloride (WR 279862

OC,Hs

The title compound is another potential anticonvulsant agent prepared by a literature
procedure as shown in Chart No. 7. Synthesis of intermediate 3 was described
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CHART NO. 7

(+)-3-(2-PROPOXY)-17-METHYL MORPHINAN FUMARATE (WR 279849) AND

(+)-3-ETHOXY-17-METHYLMORPHINAN HYDROCHLORIDE (WR 279862)

NH-HCI
CICO,CHCICH, 1) NH,OH
2) HCO,C,Hs, HCO,H
1) BBr, RBr N
2) NH,OH KoCOs

OCH,

N
i

NCHO
1) LAH
2) HX
" 5, R = CH(CH,),, HX = Fumaric acid, WR 279849
7, R=C,Hs, HX = HCI, WR 279862
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in Section 2.10. Alkylation of 3 with ethyl bromide gave, after chromatography, pure
intermediate 6 in the form of a thick oil. The pure 6 was reduced with lithium aluminum
hydride to give compound 7 free base, which was converted directly to the crystalline
hydrochloride salt. Consistent with the literature, the hydrochloride salt was
characterized as a one-quarter hydrate.

2.12 8-Hvdroxvoctanoic acid (WR 279875)

HOCH;(CH,)sCO;H

The title compound has been prepared previously in these laboratories as an
intermediate in the synthesis of 8-chloro-octanoic acid (13). The same route, shown in
Chart No. 8, was used in the current work.

The monoester 1 is available commercially, but due to its high cost, the
compound was prepared readily in-house. Treatment of compound 1 with thionyl
chloride gave acid chloride 2 which was purified by distillation, then reduced selectively
with sodium borohydride in diglyme to the 8-hydroxyester 3. In the last step, ester 3 was
hydrolyzed with potassium hydroxide to give, after recrystallization, pure title hydroxy
acid 4. '

2.13 (+ )-3-Amino-17-methylmorphinan dihydrochloride (WR 279898)

NCH,

2HCI

Synthesis of the title compound, a potential anti-convulsant, has been reported
in the literature (12). The same synthesis route, shown in Chart No. 9, was used in the
current resynthesis.

Commercial dextromethorphan hydrobromide was treated with concentrated
hydrobromic acid to give dextrorphan (1). Compound 1, without purification, was
coupled with 4-chloro-2-phenyl-quinazoline to yield intermediate 2. The rearrangement
of 2 to compound 3 was effected in mineral oil as solvent at 330-350°C. As reported in
the literature (12), the reaction proceeded too slow to be practical at temperatures below

26




CHART NO. 8

8-HYDROXYOCTANOIC ACID (WR 279875)
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CHART NO. 9

(+)-3-AMINO-17-METHYLMORPHINAN DIHYDROCHIL ORIDE (WR 279898)
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330°C. Intermediate 3 was purified by column chromatography, then taken on to the .
next step. For this conversion, the literature reports what appears to be a two-step
hydrolysis procedure by which the compound is treated first with refluxing ethanolic
sodium hydroxide followed by further reflux with dilute hydrochloric acid. In our hands,
this procedure gave a difficult-to-purify mixture of product 4 and unreacted intermediate
3. We note that under these hydrolysis conditions, the base opens the quinazoline ring
and the cleavage of the opened quinazoline is effected with acid. But acid can also
reform the quinazoline ring to give back intermediate 3 which may account for the
apparent incomplete reaction. As an alternative approach, the base hydrolysis was
carried out under more forcing conditions (sodium hydroxide in ethylene glycol at
130°C) in order to drive the two-step reaction to completion. Product 4 free base, formed
under these conditions, was converted to the dihydrochloride salt and readily purified by
recrystallization.

2.14 4-(2-Hydroxyethyl)benzoic acid (WR 279899)

HOCHZCHZ‘Q‘CozH

Preparation of the title compound in moderate (52% crude) yield from 4-
bromophenethyl alcohol by lithiation followed by reaction with carbon dioxide has been
reported in the literature (14). The method was considered by us to be satisfactory for the
synthesis of the requested 5-10 g sample and was used in the current work.

Thus, commercial 4-bromophenethyl alcohol was treated with excess n-
butyllithium to give the dilithium salt which was quenched with powdered dry ice.
Workup followed by purification of the crude product by recrystallization gave pure title
compound in 31% yield.

2.15 4-(2-Hvdroxvethylthio)benzoic acid (WR 280030)

HOCH,CH,S ‘Q_COZH

" Synthesis of the title compound by the alkylation of 4-mercaptobenzoic acid
with ethylene oxide or 2-chloroethanol has been reported in the literature (15,16). The
same method was chosen for the current resynthesis. Although 4-mercaptobenzoic acid
is commercially available, it is relatively high cost and was found to be of extremely poor
quality. Accordingly, this precursor was prepared in-house. The complete synthesis
route to the target structure is shown in Chart No. 10.
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‘ By this route, 4-aminobenzoic acid was diazotized and the diazonium salt was
treated with sodium disulfide to give the dithiobisbenzoic acid 1. Compound 1 was
reduced with zinc-acetic acid to 4-mercaptobenzoic acid (2) which was purified by
sublimation followed by chromatography. The purified acid was alkylated with 2-
chloroethanol in the presence of base and the product was purified by chromatography
followed by crystallization to give high purity product 3. Although TLC showed the
presence of an impurity, analysis by high pressure liquid chromatography (HPLC)
showed this to be very minor (< 1%) with product purity in excess of 99%.

2.16 6-(2-Hvdroxvethylthio)hexanoic acid (WR 280029)

HOCH,CH,SCH,(CH;)4CO,H

£

The title compound is a new structure, not reported in the chemical literature.
For the synthesis of this material, one approach considered by us was the coupling of a 6-
halohexanoic acid with 2-mercaptoethanol. To this end, commercially available 6-
bromohexanoic acid was treated with 2-mercaptoethanol in the presence of base to give,
after acidification and workup, one major product as analyzed by TLC. Attempts to
purify the product by distillation failed. The product did not distil below 100°C (ca. 0.4
mmHg) and TLC analysis of the pot showed that the product had decomposed. The
reaction was repeated and the compound was purified by extensive column
chromatography. Analysis of the purified product by TLC, after one week storage at
room temperature, showed the presence of a minor impurity which could indicate slow
decomposition. However, reanalysis at a later date showed no further change. Most
likely the impurity was present but not detected initially in the purified product.
Nevertheless, for prolonged storage refrigeration is recommended. The product had
acceptable elemental analysis and the NMR spectrum was consistent with the structure.

2.17 Bis[(2-acetylamino-2-carboxyethylthio )ethyl]sulfone (WR 280109)

NHAC
CH,CH,-S-CH,CH-CO,H
H
SO, T A
~N
CH,CH,-S-CH,CH-CO,H

The request was for 10 g of the title compound. Since a synthesis procedure
was not provided, a thorough literature search was carried out which revealed that
preparation of the compound has been reported in a U.S. patent (17). The synthesis
involved the reaction of divinyl sulfone with cysteine followed by acetylation of the
adduct. A more recent article (18) describes the preparation of this compound by the
reaction of bis(2-chloroethyl)sulfone with N-acetylcysteine in the presence of
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triethylamine. The procedure was modified in the current work in that commercially
available divinyl sulfone was treated with N-acetylcysteine and base to give, after
acidification, crude product. A single recrystallization gave pure title compound in high
yield.

2.18

quinoline fumarate (WR 256408)

CH,(CH,)sCeHs
o CH, (IZOOH
CH,0 N _CH
| [
~
S
HN ~ COOH
CH(CH,);NH,
/
CH,

The title compound was prepared by the synthesis route, shown in Chart No.
11, used previously by another investigator to prepare this material (19).

By this route 1,9-dibromononane was treated with phenyllithium to give, after
workup and distillation, 1-bromo-9-phenylnonane. Next, 5-hydroxyquinoline 2 was
alkylated with the bromononane to give the intermediate 8-nitroquinoline 3. The
previously used procedure for this alkylation step calls for hexamethylphosphoramide
solvent and triethylamine base in the presence of propylene oxide. In our hands, this
procedure gave considerably less product 3 than the reported 40% yield. Better results
were obtained using tetrabutylammonium jodide/sodium hydroxide as the base in a two
phase toluene-water system. We were able to reproduce the reported yield using this
modified alkylation method. Reduction of the 8-nitro group in compound 3 was
accomplished readily by hydrogenation over Raney nickel catalyst. Pure 8-
aminoquinoline 4 was isolated in 83% yield. Intermediate 4 was coupled with 4-iodo-1-
phthalimidopentane in the presence of diisopropylethylamine to give the protected target
compound 5 (90%). In the last step, the phthalimide protection was removed with
hydrazine and the product free base was converted to a fumarate salt. Recrystallization
from isopropanol gave pure title target compound 6 (58%). We note that if the solid
product is protected from atmospheric moisture during filtration and drying in the final
crystallization, the resulting crystalline compound is not hygroscopic and has a higher
melting point than that reported previously. The compound is light-sensitive, however.
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.CHART NO. 11

8-[(4-AMINO-1 -METﬁYLBUTYL)AMIN 0]-6-METHOXY-4-METHYL-5-(9-

PHENYINONOXY)QUINOLINE FUMARATE (WR 256408)

Br(CH,),Br

OH CH,
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2.19 2-(2-Acetylamino-2-carboxyethylthio)-2'-chlorodiethyl sulfone (WR 280244)

NHAc
CH,CH,SCH,CHCO,H
SO,
AN
CH,CH,CI

Synthesis of the title compound by the reaction of bis(2-chloroethyl)sulfone
with N-acetylcysteine and sodium bicarbonate has been reported in the literature (18).
The authors state that by using weakly basic conditions and monitoring the reaction
closely by HPLC, it was possible to isolate (by preparative HPLC) good yields of the
desired product. In the current larger scale preparation, we considered the HPLC
purification method unacceptable due to our lack of the relatively high cost equipment
needed to handle such separations on a multigram scale. Accordingly, the compound was
prepared by the two-step sequence shown in Chart No. 12.

The preparation of intermediate 1 was attempted initially by the reaction of
bis(2-chloroethyl)sulfone with zinc dust as described by Kretov (20). In our hands, this
procedure failed to yield the desired intermediate. Better results were obtained by an
alternative literature procedure (21) which involved treatment of the starting sulfone with
one equivalent of triethylamine. This method gave a 70% yield of compound 1. In the
next step, intermediate 1 was treated with the sodium salt of N-acetyl-L-cysteine in the
presence of catalytic ammonium hydroxide. Acidification followed by recrystallization
of the solid precipitate gave pure product 2 in 29% yield. Since only a 10 g lot of the
compound was requested, no attempt was made to improve the yield.
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CHART NO. 12

2-(2-ACETYLAMINO-2-CARBOXYETHYL THIO)-2'-CHLORODIETHYL SULFONE

(WR 280244)
NHAC
CH=CH |
/CHCHCl % 2 1) HSCH,CHCO,Na
so, —_— SO,
N N 2) HCl
CH,CH,CI CH,CH,CI
1
NHAc
CH,CH,SCH,CHCOH
S0,
AN

CH,CH,CI

no
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2.20

(3-trifluoromethylphenoxy)quinoline (WR 280407 and WR 280408)

CF

OCH,
HN
~N
CH(CH,),NH
/ " 2/3 2
CH,

*R and S enantiomers

The request was to prepare 5-10 g of each enantiomer of WR 238605. To the
best of our knowledge, synthesis of the optically pure isomers has not been reported in
the open literature. Accordingly, both methods, resolution of the racemic material and
asymmetric synthesis were evaluated in the current study. In addition, a method was
sought by which we could establish the optical purity of each enantiomer. Results of the
study are discussed in some detail in the three subsections below.

2.20.1 Asymmetric synthesis of the S-(+) enantiomer

Ordinarily, resolution is the method of choice for the preparation of optical
isomers. However, the initial evaluation of several resolving agents failed to reveal a
satisfactory candidate. Furthermore, asymmetric synthesis would give a product with
known absolute configuration at the chiral center. For these reasons, preparation of the
compound by the route shown in Chart No. 13 was chosen as the first approach.

By this route, v-valerolactone was treated with ammonium hydroxide and the
resulting amide 1 was reduced with lithium aluminum hydride to aminoalcohol 2.
Compound 2 was resolved via the L-tartrate salt to give aminoalcohol 3 with a rotation of
-12°. The correlation of 3-hydroxybutylamine [a]p +13° with (S)-(+)-tartaric acid has
been reported in the literature (22). Based on this, the R- configuration was assigned to
the levorotatory compound 3. (We note that 2-butanol, 2-pentanol, and 2-hexanol
with the R-configuration have rotations of -11° to -13°). Treatment of compound 3 with
phthalic anhydride gave phthalimide 4 which was taken on to the m-nitrobenzene-
sulfonate ester 5. This material was recrystallized to give pure intermediate 5 ([a]p -
1.6°). Next, a sample of the ring-substituted 8-aminoquinoline was coupled with
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. CHART NO. 13

(R)- AND (8) -8-[(4-AMINO-1-METHYL BUTYL)AMINO]-2.6-DIMETHOXY -4-
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sulfonate 5 to give, after purification by chromatography, product 6 in the form of a glass.
Attempted crystallization of this material gave a solid with [a]p + 0.63° indicating that
partial racemization had most likely taken place. This was confirmed by
rechromatography of the crystallization mother liquors which gave a small amount of
product 6 with [a]p + 12.6°. Cleavage of the phthalimide with hydrazine gave compound
1 free base, [o]p + 12.5°.

Although compound 7 was not optically pure, any optical activity had to be
due to inversion of configuration at the chiral center such that product 7 should have the
S-configuration. To confirm this, a sample of compound 5 was treated with sodium
acetate to give alcohol 4 with [a]p + 4.6° whereas the starting compound 4 used to
prepare 5 had [a]p -6.6°. We note that our configurational assignment to compound 7 is
consistent with the literature which states that (+)-primaquine has the S-configuration as
determined by X-ray analysis of a urea derivative (23).

2.20.2 Resolution of WR 238605

In view of the poor optical purity achieved by the asymmetric synthesis route,
resolution of the racemic material was investigated in more detail. Of the resolving
agents investigated, L-tartaric, L-malic, and L-mandelic acids, N-acetyl-L-alanine and N-
benzoyl-L-alanine, all failed to form crystalline or recrystallizable salts (several formed
gels). Dibenzoyltartaric acid, however, proved to be an excellent resolving agent. Thus,
treatment of racemic WR 238605 free base with dibenzoyl-L-tartaric acid gave a
crystalline salt. Two recrystallizations from aqueous ethanol gave pure, sharp melting
salt of the S-(+) enantiomer. The mother liquors were converted to the dibenzoyl-D-
tartaric acid salt to give, after one recrystallization, pure salt of the R(-) enantiomer.
Next, the resolved products were freed from the tartrate and converted to a common salt.
Whereas racemic WR 238605 forms a crystalline monosuccinate salt, the pure
enantiomers formed gels with succinic as well as citric acid. Fumaric acid, however,
gave crystalline salts with both enantiomers. Elemental analysis and the NMR spectrum
showed that the salts were hemifumarates, i.e. the fumaric acid was associated with two
8-aminoquinolines. While this result was unexpected, it is not altogether surprising.
According to earlier literature reports (24), the stoichiometry of (+) and (-)-4-
methylprimaquine phosphate salts is not the same as that of the racemic phosphate.

2.20.3 Optical purity analysis of WR 280407

Even though the resolved enantiomers had equal and opposite rotations, we
considered it desirable to establish a method, if possible, by which the optical purity of
the enantiomers could be verified. Analysis by HPLC using a chiral column is one
approach but it necessitates the acquisition of the proper column and development of
suitable chromatographic conditions. Another method reported in the literature involves
derivatization with a chiral reagent to give a diastereomeric product (25). This method
was chosen for evaluation.
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Thus, racemic WR 238605 free base was treated with (S)-(+)-a-methoxy-o-
trifluoromethylphenylacetyl chloride to give a monoamide product resulting from
reaction of the acid chloride with the sidechain primary amine. The NMR spectrum of
this product showed a pair of signals for each of the aromatic methoxy groups. Next, a
synthetic 1:4 mixture of the resolved pure enantiomers was converted to the monoamide
mixture. The proton NMR showed two sets of methoxy signals in the ratio of 1.1:4. We
note that the signals were too close to obtain accurate integration, however, they were
sufficiently well separated to detect a relatively small amount of enantiomeric impurity.
Finally, a sample of the R-(-) enatiomer ([o]p -29°) was converted to the amide which
showed a single set of methoxy signals in the NMR. Although the method was not
quantitated, we estimate the optical purity of the resolved enantiomers at 95-98%
minimum.

2.21 2-(2-Acetylamino-2-carboxyethylthio)-2'-mercaptodieth 1 sulfone
(WR 280462)
NHAc
CH,CH,SCH,CHCO,H
SO, g
AN
CH,CH,SH

The title compound represents a new structure not reported in the chemical
literature. The compound was prepared successfully by the synthesis route shown in
Chart No. 14. :

By this route, commercially available bis(2-chloroethyl)-sulfone was treated
with one equivalent of triethylamine as reported in the literature (21) to give monovinyl
sulfone 1. Compound 1 was purified by distillation, then treated with N-acetyl L-cysteine
sodium salt (prepared in situ) to give, after acidification, crystalline sulfone 2. Reaction
of compound 2 with two equivalents of triethylamine in tetrahydrofuran solvent gave,
after removal of triethylamine hydrochloride, compound 3 triethylamine salt. This
material was used as such, without isolation and purification, directly in the next step. A
small portion of the solution was concentrated and acidified to give the crystalline
intermediate 3 characterized by proton NMR. We note that the preparation of
intermediates 2 and 3 directly from bis(2-chloroethyl)sulfone has been reported in the
literature (18). Product isolation/purification by the literature procedure required
preparative HPLC. We did not consider this practical on a larger, preparative scale;
accordingly, the longer stepwise process was used in the current work. Initially we made
several attempts to convert compound 3 directly to product 5 by the reaction with excess
sodium hydrogen sulfide. The only product isolated from the reaction mixture was a high
melting crystalline solid, shown by elemental analysis not to be compound 5. The values
for carbon, hydrogen, nitrogen, and sulfur were in good agreement with a dimeric
monosulfide structure. In view of these results, two alternative routes were investigated.
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CHARTNO. 14
2-(2-ACETYTL AMINO-2-CARBOXYETHYI THIO)-2'-

MERCAPTODIETHYT SULFONE (WR 280462)

NHAC
CH,CH,CI CH=CH,
| ELN | HSCH,CHCOH
3
CH,CH,C CH,CH,CI
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CH,CH,SCH,CHCO,H PECRSERERCO,
BN S0,
SO, THF |
| CH=CH,
CH,CH,CI 3
) 3
NHAc
CH,CH,SCH,CHCO,Na He
——  PRODUCT
3 + NaPOs —> T02
| 5
CH,CH,SPO,Na, B

>
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In the first modification, intermediate 3 was treated with sodium thioacetate to give a
crystalline thioacetate adduct which, upon treatment with dilute base, gave a new
product, the presumed compound 5. The second modification involved the reaction of
compound 3 with sodium thiophosphate and proved to be the method of choice. By this
route, the triethylamine salt of compound 3 was treated with a slight excess of trisodium -
thiophosphate. No effort was made to isolate the phosphorothioate 4. Instead, compound

4 was converted with the aid of ion exchange resin to the free acid which, in aqueous
solution, underwent hydrolytic cleavage of the phosphoryl group to give crude compound
2. The product was isolated by simple filtration and purified by recrystallization.

2.22 -6-methoxy-
4-methylguinoline hemisuccinate

CH,(CH,),CH,
0 CH,

CH,0 O O |
HN

CH(CH,);NH,

CH,

* R and S enantiomers

The request was to prepare 5-10 g of each enantiomer of WR 242511. To the
best of our knowledge, synthesis of the optically pure enantiomers has not been reported
in the chemical literature. Accordingly, a synthesis route had to be developed in the
current study. Of the two general approaches, asymmetric synthesis and resolution of the
racemic material, the former was deemed less desirable based on our previous experience
with WR 238605. As discussed in Section 2.20, attempts to prepare optically pure WR
238605 via asymmetric synthesis gave unsatisfactory results. Considerable racemization
took place in a key coupling reaction. For this reason, our main emphasis was placed on
the resolution of racemic WR 242511 and only a limited effort was expended on the
asymmetric synthesis approach. The results of this work are described in the following
three subsections.

2.22.1 Resolution of WR 242511
The successful resolution of the analogous 8-aminoquinoline WR 238605 via

a dibenzoyltartrate salt is described above in Section 2.20. We expected that
dibenzoyltartaric acid would be the resolving agent of choice for WR 242511, also.
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Treatment of the racemic free base with dibenzoyl-L-tartaric acid gave a
crystalline salt which could be readily recrystallized from ethanol. Product recovery was
poor, however, and multiple crystallizations were required to effect resolution. The
partly enriched crystallization mother liquors were converted to the dibenzoyl-D-tartaric
acid salt which similarly required multiple recrystallizations. Part way through the
resolution process, it was established from elemental analysis results that partial loss of
benzoyltartaric acid had taken place during the repeated recrystallizations, and the
crystalline resolved product was a hemi-salt. In light of these results, a portion of the
partially resolved WR 242511 was converted directly to the half-salts of dibenzoyl-D-
and L-tartaric acids. Sadly, this change failed to improve the resolution process.

Multiple recrystallizations were still required to effect resolution. A number of
recrystallization solvents, namely tetrahydrofuran, dioxane, methanol, isopropanol,
acetone, ethyl acetate, and toluene were evaluated but gave either poor recovery or poor
selectivity. Several different resolving agents were evaluated also. These included (+)-2-
(2,4,5,7-tetranitro-9-fluorenylideneaminooxy)propionic acid (TAPA), (+)-4'-
nitrotartranilic acid, dibenzoyltartaric acid mono(dimethylamide), and L-tartaric acid. All
of these failed to give good crystalline salts.

Another factor complicating the resolution was the apparent poor stability of
WR 242511. Thus, during the fractional crystallization process, the crystallization
mother liquors turned progressively darker as a result of decomposition caused by excess
acid and/or air-oxidation. Analysis by TLC showed the formation of extraneous
sideproducts. Nevertheless, even though the process was tedious and inefficient, it did
lead to pure S-(+) and R-(-) enantiomers of WR 242511. Both enantiomers were
converted to, and characterized as the crystalline hemisuccinate salts.

2222 Asymmetric synthesis of S-(+)-WR 242511

As stated above, only minimal effort was expended on this approach. The
synthesis route is shown in Chart No. 15 and is the same as that used in the attempted
stereospecific synthesis of WR 238605. Intermediate 5 of R(-)-configuration was
available from previous work (Section 2.20). A sample of this material was coupled with
the properly substituted 8-aminoquinoline to give, after column chromatography, pure
phthalimide product 6, [t ]p + 8.7°. Treatment of compound 6 with hydrazine gave WR
242511 free base with [a ]p + 8.3°. Inasmuch as the optically pure product should have a
rotation of 30° (see below), it is clear that considerable racemization took place during
the coupling reaction. Any optical activity present is expected to result from inversion at
the optical center and, since intermediate 5 had the R-configura-tion, the dextrorotatory
product 7 has the S-configuration. Proper modifications in the synthesis route could,
quite possibly, lead to a product with improved optical purity. This was not pursued in
the current study, however.
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.CHART NO. 15
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2223 Optical purity analysis of resolved WR 242511

Based on the optical rotation of resolved WR 238605, we expected the pure
enantiomers of the structurally related WR 242511 to have a rotation of ca. 30°. We
considered it desirable, however, to establish a method by which the optical purity of the
enantiomers could be verified. As a first approach, the method described by Mosher (25)
and used by us to determine the optical purity of resolved WR 238605, was evaluated.
This involved the derivatization of the chiral compound with a chiral reagent to give a
mixture of diastereomers which was then analyzed by NMR spectroscopy.

Thus, racemic WR 242511 was treated with S-(+)-a.-methoxy-o-trifluoro-
methylphenylacetyl chloride to give a monoamide derivative. The proton NMR spectrum
of the product showed separate signals for the quinoline 6-methoxy groups, one for each
enantiomer of WR 242511. However, the peaks were fairly close to each other such that
integration of the signals from an optically impure product would give inaccurate results
due to signal overlap. Based on the literature report that fluorine NMR gives better
results (25), a sample of partially resolved WR 242511, [a]p + 4.67°, was converted to
the same monoamide derivative and analyzed by '°F NMR. The spectrum showed two
peaks in aratio of 1.37:1. A simple calculation revealed that within experimental error,
the pure enantiomers should have a rotation of 30°. Finally, a sample of the resolved
compound ([a]p -29.5°) was derivatized and analyzed by °F NMR. The spectrum
showed only one singlet. Although the method was not quantitated, we believe the
optical purity of both enantiomers to be in excess of 95%.

2.23 -methylbutvl)amino
trifluoromethylphenoxv)quinoline succinate (WR 238605)

CF
O CH, CH,-CO,H
CH,0 '
z | CH,-CO,H
NS
N OCH,
HN
~
/CH(CH2)3NH2
CH,

Two lots of the title compound, 1.32 kg and 2.49 kg were prepared and
delivered under earlier contracts (26,27). The current request was for 1 kg. The
compound was prepared via the reaction sequence shown in Chart No. 16 which is the
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.CHART NO. 16

8-[(4-AMINO-1-METHYT BUTYL)AMINOQ]-2.6-DIMETHOXY-5-(3-

TRIFLUOROMETHYI PHENOXY)QUINOLINE SUCCINATE (WR 238605)
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CHART NO. 16 (Continued)
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same as that used in the previous work. Minor modifications were made in some of the
steps and these are discussed below. Synthesis of the 5-hydroxyquinoline starting
material is described in Section 2.5.

Turning to Chart No. 16, treatment of 5-hydroxy-6-methoxy-5-methyl-8-
nitroquinoline with phosphorus oxychloride gave the 5-chloro compound 1 which, after
purification, was treated with m-hydroxybenzotrifluoride and potassium hydroxide to
give product 2. The nitro group in compound 2 was reduced with iron-acetic acid and the
product amine 3 was converted to the phthalimide 4 by reaction with phthalic anhydride
in toluene-xylene solvent mixture.

Oxidation of compound 4 to the N-oxide 5 proceeded satisfactorily and gave a
good yield of crude product. An unexpected problem was encountered in the purification
step, however. Recrystallization of the crude material from ethanol generated a new
impurity. Further recrystallization of the product from a toluene-ethanol mixture gave
pure intermediate 5 but the yield was lower than in previous preparations. The new
"impurity" was isolated in pure form and, based on NMR and elemental analysis results,
was the 8-phthalamide ethyl ester. Treatment of this impurity with phosphorus
oxychloride converted it to 2-chloroquinoline 6 and therefore it would not have adversely
affected the quality of the final product. Nevertheless, only the purified intermediate 5
was used in the current preparation.

For the conversion of compound 5 to 2-chloroquinoline 6, chloroform was
used previously as the reaction solvent. In view of the high disposal costs of waste
chloroform, other solvents (methylene chloride and ethylene dichloride) were evaluated
as possible substitutes. Small scale trial reactions proceeded equally well in all three
solvents. Accordingly, chloroform was replaced with ethylene dichloride in this step.

The rest of the reaction sequence remained unchanged from that used
previously. Thus, intermediate 6 was deblocked with hydrazine to afford the 8-amino-2-
chloroquinoline 7 which was treated with methoxide to give the 8-amino-2-
methoxyquinoline 8. The sidechain reagent 11 was prepared by a standard three-step
sequence, then coupled with quinoline § to give the protected product 12. Compound 12
was deprotected with hydrazine and the product, WR 238605 free base (13) was treated
with succinic acid to give, after two recrystallizations, pure WR 238605 succinate salt.

At a later date in the program, we were requested to purify some product
recovered from a damaged shipping container. To this end, the compound was sieved
through a coarse screen in order to remove most of the broken glass. Any remaining
particulate contaminates were removed by dissolution of the sieved material in ethanol
followed by filtration. Dilution of the filtrate with ether precipitated pure title compound.
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2.24 3-Dimethylaminocarbonvlox idine (WR 256235

(@]
” /CHs
OCN
a N,
N
N

The title compound was prepared by a general literature procedure (28,29)
which involved the reaction of 3-hydroxypyridine with dimethylcarbamyl chloride in the
presence of triethylamine. Removal of triethylamine hydrochloride followed by
fractional distillation gave pure title compound in the form of a clear colorless oil.

2.25 | 8-[(4-Amino-1-methylbutyDamino]-2.6-dimethox
methylquinoline dihydrochloride (WR 280528)

OH CH,
CH,0 -
| OCH,
HN
> CH(CH,),NH,
CH,

To the best of our knowledge, synthesis of the title compound, a potential
metabolite of WR 238605, has not been reported in the open literature. The synthesis
route used successfully in the current work is shown in Chart No. 17. This same route,
through intermediate 8, was used by us previously to prepare another potential metabolite
of WR 238605 (10). ’

By this route, the 5-hydroxy-8-nitroquinoline 1 was alkylated with benzyl
bromide to give the 5-benzyloxyquinoline 2. The 8-nitro group of quinoline 2 was
reduced with iron-acetic acid and the product, 8-aminoquinoline 3, was heated with
phthalic anhydride in toluene as solvent to yield the 8-phthalimidoquinoline 4.
Compound 4 was oxidized with m-chloroperbenzoic acid to the N-oxide 5, which was
treated with phosphorus oxychloride to give 2-chloroquinoline 6. Next, the 8-
phthalimide protection was removed with hydrazine and the resulting 2-chloro-8-
aminoquinoline 7 was treated with sodium methoxide to introduce the 2-methoxy group.
The product, quinoline 8, was coupled with 4-10odo-1-phthalimidopentane in the presence
of potassium carbonate to give intermediate quinoline 9. Treatment of compound 9 with
hydrazine cleaved the phthalimide to give quinoline 10. Unexpectedly, compound 10
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CHARTNO. 17

8-[(4-AMINO-1-METHYT BUTYIL)AMINO]-5-HYDROXY-

2.6-DIMETHOXY-4-METHYLQUINOLINE (WR 280528)
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CHART NO. 17 (Continued)
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free base proved to be quite air-sensitive. Considerable discoloration took place even
though the reaction of 9 with hydrazine and the isolation of 10 was carried out under a
nitrogen atmosphere. The dihydrochloride salt was sufficiently stable to permit
recrystallization but product yield was only fair.

The last step of the reaction sequence calls for cleavage of the 5-benzyloxy
group. This was accomplished by hydrogenation of precursor 10 over palladium black
catalyst. Compound 11 dihydrochloride salt was isolated readily in a crystalline form and
appeared to be stable as the crystalline solid when stored under an inert atmosphere.
Analysis of the product by TLC on silica gel plates proved to be highly unsatisfactory.
The compound decomposed when spotted on the plate as evidenced by rapid
discoloration. Better results were obtained using cellulose plates. Although the product
tended to streak somewhat, decomposition appeared to be minimal. In solution, the
compound decomposed when exposed to atmospheric oxygen relatively slowly under
acidic conditions but quite rapidly (within minutes) under basic conditions. Accordingly,
we recommend the use of degassed solvents and inert atmosphere when handling
solutions of compound 11.

2.26 3-Methvlaminocarbonylox idine (WR 178197
0
f
y OCNHCH,
o |
N

Synthesis of the title compound by the reaction of 3-hydroxypyridine with
methyl isocyanate has been reported in the literature (28). The same approach was used
in the current work. Thus, 3-hydroxypyridine was treated with methyl isocyanate at
room temperature to give, after removal of excess isocyanate, crude product. Purification
of the crude material by distillation failed. The compound underwent partial
decomposition at the distillation temperature (90-95°C) with the regeneration of 3-
hydroxypyridine. The reaction was repeated using recrystallized 3-hydroxypyridine to
give the product in the form of a tan oil. The oil crystallized when refrigerated but the
solid melted at room temperature. This product had acceptable elemental analysis and
the NMR spectrum was consistent with the structure. Accordingly, no further
purification was carried out.
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227 1-Methyl-3-methylaminocarbonyloxypvridine iodide (WR 280593)

el
I
y | OCNHCH,
N
v ® 0
CH,

The title compound was prepared by the quaternarization of 3-methylamino-
carbonyloxypyridine.

In the first attempt, treatment of the 3-pyridinol carbamate of section 2.26
with methyl iodide in tetrahydrofuran solvent gave a light yellow crystalline product.
Attempted recrystallization of the compound led to partial decomposition due to
excessive heating during recrystallization. The reaction was repeated and a portion of the
solid was recrystallized using less heat to give a sharp-melting crystalline product. The
compound had acceptable elemental analysis in carbon, hydrogen and nitrogen and the
NMR spectrum was consistent with the structure.

Purity analysis by HPLC gave unsatisfactory results. Due to the highly polar
nature of the compound, we used a reverse phase column and water-acetonitrile as the
eluant. Nevertheless, the compound eluted as a broad band. In addition, the compound
underwent fairly rapid hydrolysis in this solvent system. Thus, when a water-acetonitrile
(85:15) solution of the carbamate was stored at room temperature for 1-2 hours, the only
product detected by HPLC was 1-methyl-3-hydroxypyridine.

Since the proton NMR spectrum of the recrystallized title compound was

wholly consistent with the structure and showed the absence of extraneous signals
attributable to impurities, we felt the product to be of acceptable quality.
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2.28 3-Dimethylaminocarbonyloxypyridine 1-oxide (WR 280594)

o]
I
ocn " s
= N
| CH,
NS
¥
0

The title compound was prepared by the oxidation of 3-dimethylamino-
carbonyloxypyridine. Thus, the carbamate was treated with 3-chloroperoxybenzoic acid
in methylene chloride to give the crude N-oxide. Purification by column chromatography
followed by recrystallization gave pure title N-oxide.

2.29 8- -4-methvylquinoline
(WR 280612)
OH CH,
CH,0
4
N
N
HN
™ CH(CH,),NH,

cH,”

The title compound is a potential metabolite of WR 242511. To the best of
our knowledge, synthesis of this structure has not been reported in the open literature.
The compound was prepared by the synthesis route shown in Chart No. 18.

The sequence to intermediate 3 is the same as that described in section 2.25
above. In the next step of the sequence, quinoline 3 was coupled with 4-iodopentyl-
phthalimide in the presence of anhydrous potassium carbonate using N-methyl-2-
pyrrolidinone as solvent. Chromatography of the product mixture led to the isolation of
the alkylated quinoline 4, a red, thick oil. Attempts to obtain compound 4 in the form of
a crystalline solid failed. Accordingly, the compound was deprotected with hydrazine
and the product was purified by chromatography, then converted to a dihydrochloride salt
to give a dark red, crystalline solid with acceptable elemental analysis for structure 5a.
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-CHART NO. 18
8-[(4-AMINO-1-METHYLBUTYL)AMINOI-5-HYDROXY.-6.

METHOXY-4-METHYLQUINOLINE (WR 280612)
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In the last step, cleavage of the 5-O-benzyl group of compound 3a by
hydrogenolysis appeared to proceed readily but the product could not be induced to
crystallize. Removal of the solvent gave a purple foam. Alternatively, the product could
be precipitated from solution in the form of an amorphous solid but the NMR spectrum

showed that this material was contaminated with solvent and other extraneous impurities.

Attempted conversion of quinoline 3 to a sulfate salt gave a black tar. Compound 5 did
form crystalline salts with phosphoric, citric, and succinic acids. Hydrogenation of the
phosphate salt gave a product which turned black upon attempted recrystallization. The
citric acid salt gave similar results. Hydrogenation of the succinic acid salt gave a
crystalline product 6 succinate but the compound, when in solution, was extremely air-
sensitive and it was not possible to avoid partial decomposition during crystallization/
recrystallization. As a last attempt, the hydrobromic acid salt was evaluated. Compound
3 did form a crystalline dihydrobromide salt and hydrogenation of this material gave
crystalline compound 6 dihydrobromide salt. The dihydrobromide was more stable than
the succinic acid salt and could be readily recrystallized. The recrystallized product had
acceptable elemental analysis and the NMR spectrum was consistent with the structure.
In view of these results, the main lot of compound 5a was converted to the
dihydrobromide 5b and hydrogenated to g1ve, after recrystallization, pure title compound
6 dihydrobromide salt.

2.30 N.N-Dimethyl-2-fluoro-5-(trifluoromethvl)benzenesulfonamide (WR 280649

SO,N(CH_),

CF,

The title compound was prepared by the reaction of 2-fluoro-5-(trifluoro-
methyl)benzenesulfonyl chloride (prepared as described in section 2.31 below) with

dimethylamine. The product had acceptable elemental analysis and the lH NMR and
infrared (IR) spectra were consistent with the structure.
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2.31 2-Fluoro-5-(trifluoromethyl)benzenesulfonyl chloride (WR 280675)

F

SleXel

CF,

Preparation of the title compound was investigated by the routes shown in
Chart No. 19. By the first approach, 4-fluorobenzotrifluoride was treated with excess
chlorosulfonic acid under standard chlorosulfonation conditions. Workup of the reaction
mixture gave two major products. One of these was an oil which was unreactive toward
dimethylamine and showed two equal intensity signals for aromatic protons in the NMR
spectrum. This clearly is not consistent with the expected product 1. The other reaction
product was a crystalline, acidic solid, mp 183-185°C. This material was not
characterized any further but was treated directly with phosphorus pentachloride followed
by dimethylamine to give a new crystalline solid, mp 65.5-67.5°C, identified (NMR and
elemental analysis) as N,N-dimethyl-4-fluorobenzamide. We note that litérature reports
mp 186°C for 4-fluorobenzoic acid (30) and mp 64°C for the amide (31).

By the second approach, the benzotrifluoride was treated with 20% fuming
sulfuric acid. This reaction gave the benzoic acid as a major product along with several
minor reaction products.

In view of these results, an alternative, relatively standard route to
arylsulfonyl chlorides was investigated (32). By this route, 2-fluoro-5-(trifluoro-
methyl)aniline was diazotized and the diazonium salt (in situ) was treated with a solution
of sulfur dioxide in acetic acid containing cuprous chloride to give the title sulfonyl
chloride. The crude product was passed through a silica gel column to remove a minor
impurity and the purified product was distilled to give pure sulfonyl chloride in the form
of a clear yellow oil which solidified in the freezer.
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CHARTNO. 19

2-FLUORO-5-(TRIFLUOROMETHYL)BENZENESULFONYL

CHLORIDE (WR 280675)
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2.32 8-[(4-Amino-

quinoline dihydrochloride, half-hydrate (WR 280682)

CH,(CH,),CH,

|

0] CH,

HO

=
|| -2HCI0.5H,0
NS
N

HN
>CH(CH2)3NH2
CH,

The title compound is a potential metabolite of WR 242511. To the best of
our knowledge, it represents a new chemical structure not reported in the open literature.
Synthesis of the compound was accomplished successfully by the route shown in Chart
No. 20. y

By this route, 5-hydroxyquinoline 1 was treated with phosphorous
oxychloride to give 5-chloroquinoline 2. Attempts to cleave the 6-methoxy group of
compound 2 with hydrobromic acid, trimethylsilyl iodide, boron tribromide, pyridine
hydrochloride or methionine/methanesulfonic acid, failed. In all cases, only the
formation of black decomposition products was observed. The methyl ether was cleaved
readily, however, with anhydrous aluminum chloride to give the 6-hydroxyquinoline 3,
which was alkylated with benzyl bromide to yield the 6-benzyloxyquinoline 4.
Treatment of compound 4 with sodium hexyloxide did not yield the desired 5-
hexyloxyquinoline 7, only decomposition of 4 was observed. This is consistent with the
literature which states that in the case of 5-chloroquinoline 2, the displacement reaction
does not work with alcohols containing more than two carbon atoms (9). Displacement
of the chloro group in compound 4 with potassium acetate in N-methylformamide failed
also. No reaction was observed below 130°C and decomposition took place at higher
temperatures. Displacement with sodium methoxide, although slow (72 h), proceeded
well to give the 5-methoxy-quinoline 5. Selective cleavage of the methyl ether was
accomplished with refluxing, dilute hydrochloric acid-ethanol to give 5-hydroxyquinoline
6 in high yield. Compound 6 was treated with 1-bromohexane and tetrabutylammonium
hydroxide to give the 8-nitro-5-hexyloxyquinoline 7, then reduced with iron-acetic acid
to 8-aminoquinoline 8. The aminoalkyl sidechain was introduced in the standard way by
the reaction of compound 8 with 4-iodopentylphthalimide and diisopropylethylamine to
give the alkylated 8-aminoquinoline 9. Next, the phthaloyl blocking group was cleaved
with hydrazine to yield quinoline 10 free base. This product was purified by
chromatography, then converted to a crystalline dihydrochloride salt. In the last step, the
6-benzyl ether was cleaved by hydrogenolysis over palladium black catalyst to give the
6-hydroxyquinoline 11. The crude product was recrystallized twice and dried to give
pure title compound as a half-hydrate.
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CHART NO. 20
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HYDROXY-4-METHYTL QUINOLINE DIHYDROCHLORIDE (WR 280682)
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The crystalline dihydrochloride salt appeared to be relatively stable but the
compound did undergo slow air-oxidation when in solution. The compound oxidized
much faster under basic conditions when exposed to atmospheric oxygen.

2.33 Resolution of a-[2-( Butylamino)ethyl]-1.3-dichloro-6-( trifluoromethyl)-9-
phenanthrenemethanol

OH

l H
* CHCH,CH,N(CH,),CH,

Cl

5L

F,C ci

Resolution of the corresponding dibutylaminophenanthrenemethanol
(halofantrine) by fractional crystallization of the d-camphoric acid salt has been reported
in the literature to give the (+) and (-) enantiomers in 26 and 17% yield respectively (24).
Our attempts to apply this procedure to the above monobutylamino compound, failed.
Depending on the crystallization solvent employed, the salt either precipitated rapidly
from solution without any apparent enantiomeric enrichment or failed to crystallize
altogether. In view of this, other resolving agents were investigated.

Both, L-tartaric acid and dibenzoyl-L-tartaric acid gave crystalline salts in
good yields. However, conversion of these salts back to the free base gave a product of
negligible optical activity. Similarly, L-malic acid formed a crystalline salt which could
be recrystallized but product recovery and enantiomeric enrichment were low. The di-p-
toluoyl-L-tartaric acid (DTLTA) salt could not be induced to crystallize at room
temperature from several solvent systems but did yield a broad melting crystalline
product from acetone after extended refrigeration. In a repeat trial experiment, the
DTLTA salt failed again to crystallize at room temperature (methanol-ethyl acetate) until
the solution was seeded with the broad melting product obtained from acetone. Once
initiated, crystallization was rapid to give a relatively sharp-melting product. Treatment
of the crystallization mother liquors with basic ion exchange resin led to the recovery of
the title compound free base which showed considerable enantiomeric enrichment ([elp

-20°). Accordingly, the process was repeated on a larger scale to yield, after three
recrystallizations, pure DTLTA salt with a constant melting point. The mother liquors
were treated with ion exchange resin and the recovered compound free base was
converted to di-p-toluoyl-D-tartaric acid salt which required only two recrystallizations.
Finally, both enantiomers were freed from the tartaric acid and converted to
hydrochloride salts.
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A sample of the (-)-enantiomer was analyzed by HPLC using a chiral column
(courtesy WRAIR personnel) and showed high enantiomeric purity.

2.34 1.5-Dihydro-4H-imidazo[4.5-c]pyridin-4-one (WR 280824)

H

Z N

|

O
0

After a thorough literature search, the synthesis sequence shown in Chart No.
21 was chosen as the most straightforward route to the title compound.

Thus, 2-chloropyridine was oxidized with peracetic acid to give N-oxide 1.
Nitration of compound 1 with fuming nitric acid in concentrated sulfuric acid gave the 4-
nitropyridine 2. The reduction of compound 2 by hydrogenation over Raney nickel
catalyst as reported in the literature (33) gave unsatisfactory results in our hands.
Although compound 3 was formed, the yield was low and the product was contaminated
with one major impurity. Better results were obtained using iron-acetic acid. No
sideproducts were formed and compound 3 was isolated in high (91%) yield.

Nitration of compound 3 gave nitramine 4 which was rearranged in hot
sulfuric acid to a mixture of nitropyridines 5 and 6. The isomers were separated by
fractional crystallization and the pure 3-nitropyridine 5 was hydrogenated over Raney
nickel catalyst to give crystalline diaminopyridine 7. In the last step, compound 7 was
heated with formic acid at reflux (34) to give the title target compound 8.
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2.35 8-[(3-Carboxy-1-methylpropyl)amino]-5-(1-hexvloxy)-6-methoxy-4-
methylquinoline (WR 280829)

CH,(CH,),CH,

O CH,

CH,0

=
X
N

HN ~_
~ CHCH,CH,COH
CH,

The title compound, a potential metabolite of WR 242511, was prepared by
reductive alkylation of 8-amino-5-(1-hexyloxy)-6-methoxy-4-methylquinoline with
levulinic acid and sodium cyanoborohydride. The crude reaction mixture was
chromatographed over silica gel and the product oil was triturated with hexanes to give a
light brown solid. This material was decolorized with charcoal and recrystallized from
ether-petroleum ether to give pure title compound as bright yellow crystals.

The compound was stable in the solid form and in ether solution. In
chloroform solution, the compound formed a new product which most likely is the cyclic
lactam.

2.36 2-Chloro-5- trifluoromethyl)benzenesulfonyl chloride (WR 280846

CF, cl

S0,Cl

The title compound was prepared from 2-chloro-5-(trifluoromethyl)aniline.
Thus, the aniline was diazotized with sodium nitrite/hydrochloric acid and the diazonium
salt was treated with sulfur dioxide and cuprous chloride to give crude title sulfonyl
chloride. The crude product was passed through a silica gel column to remove a minor
impurity and the purified product was distilled to give pure sulfonyl chloride in the form
of a clear yellow oil which solidified in the freezer.
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2.37 8-[(4-Amino-1-methylbutyl)amino]-5.6-di
hydrobromide, hydrate (WR 280870)

OH CH,
HO
3HBr -H,0
NS
N

HN
™ CHCH,CH,CH,NH,
~

CH,

The title compound is another potential metabolite of WR 242511.

As a first approach to this target structure, a small retainer sample of the 5-
hydroxy-6-methoxy analog was treated with 48% hydrobromic acid at reflux for 2 h.
Concentration of the mixture to dryness followed by crystallization of the tesidue gave a

beige solid. Based on 1H NMR, this solid appeared to be the title compound,
contaminated with about 10% of the 6-methoxyquinoline starting material. Inasmuch as
we had only a small amount of the 6-methoxy compound on hand, other synthesis routes
were evaluated. Hydrolysis of the 5-hexyloxy-6-benzyloxy substituted quinoline with
hydrobromic acid proceeded more readily and gave better quality product. As a final
approach, previously prepared 8-[(4-amino-1-methylbutyl)amino]-6-benzyloxy-5-(1-
hexyloxy)-4-methylquinoline dihydrochloride (compound 10, section 2.32) was
converted to the dihydrobromide salt and hydrogenated over palladium black to give the
6-hydroxyquinoline dihydrobromide which was treated directly with 48% hydrobromic
acid to give the title compound hydrobromide salt. The product appears to form a
trihlydrobromide salt that partially dissociates during recrystallization and/or drying at
reduced pressure. For purification, the crude product was recrystallized from a mixture
of methanol-ethanol-petroleum ether containing some hydrobromic acid. Elemental
analysis of the dried final product was consistent with a 2.9 hydrobromide hemihydrate

and the IH NMR spectrum was in agreement with the structure.
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2.38

Synthesis of the title compound by the route shown in Chart No. 22 has been
reported in the literature (35). The same synthesis route was used in the current work.

By this route, 2,3-difluoronitrobenzene was treated with morpholine to give
compound 1 (97%) which was reduced with ammonium formate and palladium-on-
carbon catalyst to yield aniline 2 (97%). Reaction of compound 2 with benzyl chloro-
formate gave carbamate 3 (93%). Compound 3 was treated with butyllithium followed
by butyrate 4 to give oxazolidinone 5 (84%). Compound 5 was thoroughly characterized,
then converted to mesylate 6 (98%). Treatment of compound 6 with sodium azide in
DMF gave intermediate 7 (quantitative). Next, a portion of azide 7 was hydrogenated
over palladium-on-carbon catalyst and the product, amine 8, was treated directly with
acetic anhydride-pyridine to give crude title compound. The crude material was purified
by crystallization (charcoal) to give pure product (54% from azide 7) in the form of a
white, crystalline solid.

2.39 1-Amino-3-dimethylamino-2-propanol (WR 280902)

OH
| _cn,
H,NCH,CH-CH,N
~
CH,

The title compound was prepared by the synthesis route shown in Chart No.
23.

By this route, potassium phthalimide was coupled with epibromohydrin to
give intermediate oxirane 1. Reaction of compound 1 with dimethylamine in acetonitrile
solvent gave the phthaloyl protected aminoalcohol 2. During this reaction, partial
opening of the phthalimide ring took place to give a phthalamide but this material
cyclized back to intermediate 2 during the workup/isolation process. Treatment of
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- CHART NO. 22
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CHART NO. 23

1-AMINO-3-DIMETHYLAMINO-2-PROPANOL (WR 280902)
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compound 2 with concentrated hydrochloric acid at reflux cleaved the phthalimide to
give crude product dihydrochloride salt 3. In the last step, salt 3 was passed through a
column of basic ion exchange resin to yield the free base 4 which was purified by
distillation.

2.40 2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-(triflucromethyl)phenyl]-
propenamide (WR 280903)

The title compound was synthesized by a reported literature procedure (36).
Thus, 4-aminobenzotrifluoride was coupled with cyanoacetic acid in the presence of
diisopropyl-carbodiimide to give the substituted cyanoacetanilide. This material, in
tetrahydrofuran solution, was treated with sodium hydride followed by cyclopropane-
carbonyl chloride to give crude title compound which was purified by recrystallization.

2.41 2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-(trifluoromethoxv)phenvl]-

propenamide (WR 280904)

The title compound was prepared by a literature procedure which is the same
as that described in Section 2.40 above. By this route, 4-(trifluoromethoxy)aniline was
coupled with cyanoacetic acid and the cyanoacetanilide product was treated successively
with sodium hydride and cyclopropanecarbonyl chloride to give the title propenamide.
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2.42 2-Cyano-3-cyclopropyl-3-hydroxy-N-(3-fluoro-4-morpholinylphenvl)-

propenamide (WR 280991)
0] OH
°L ) VV%
__/
CN
F

Synthesis of the title compound has not been reported in the literature.
However, the compound is a close analog of the propenamides described in sections 2.40
and 2.41 above. The same general synthesis sequence, shown in Chart No. 24, was used
to prepare this material.

By this route, 3,4-difluoronitrobenzene was converted to aniline 2 as
described in section 2.38. Reaction of compound 2 with cyanoacetic acid and
diisopropylcarbodiimide gave acetanilide 3 which was treated successively with sodium
hydride and cyclopropanecarbonyl chloride to give the title propenamide 4.

243

hydrochloride (WR 281024

N
:©\ i
F N/lL )
o HC
He NH,

The title compound was prepared by hydrogenation of the precursor azide, on
hand from a previous preparation (section 2.38). The product amine was converted to a
hydrochloride salt and purified by recrystallization.
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-CHART NO. 24

2-CYANO-3-CYCLOPROPYL-3-HYDROXY-N-(3-FLUORO-4-

MORPHOLINYLPHENYL)PROPENAMIDE (WR 280991)
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2.44 2-Cyano-3-cyclopropyl-3-hydroxy-N-[3-fluoro-4-[N-1-(4-methy])-

piperazinyl]phenyl]propenamide (WR 281039)
0 OH
—_— _ .
CH;-N N N
__/ H
e CN

The title compound was prepared by the synthesis route shown in Chart No.
25. By this route, 3,4-difluoronitrobenzene was coupled with 1-methylpiperazine in the
presence of diisopropylethylamine to give the 4-piperazinyl substituted nitrobenzene 1.
Reduction of the nitro group with ammonium formate-10% palladium-on-carbon catalyst
gave aniline 2. Compound 2 was treated with cyanoacetic acid and
diisopropylcarbodiimide to give cyanoacetamide 3. In the last step, compound 3 was
- converted to a dianion with butyllithium, then treated with cyclopropanecarbonyl
chloride to give the title propenamide 4.

An attempt was made initially to isolate and purify compound 4 as the
hydrochloride salt. However, crystallization of the salt from alcohol converted it, in part,
to an inner salt with partial loss of hydrogen chloride. In view of this, the crude product
was purified by the use of a sulfonic acid ion exchange resin followed by crystallization
which gave pure product 4 as an inner salt.

2.45 1.3.4.6-Tetrachloro-7.8-diphenyl-2.5-diiminoglvcoluril (WR 280892

Cl\ O Cl

N N/
HNﬂ\ \F NH
N N

CI/ O \Cl

The title compound was prepared by a two-step literature procedure (37,38). By
this method, benzil was condensed with guanidine carbonate in refluxing ethanol to give
the glycoluril precursor. This material was purified by acid-base treatment followed by
crystallization, then chlorinated in dilute acid to give the title tetrachlorinated product.
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- CHART NO. 25

2-CYANO-3-CYCLOPROPYL.-3-HYDROXY-N-[3-FLUORO-4-[N-1-

(4-METHYL)PIPERAZINYL]PHENYI JPROPENAMIDE (WR 281039)

I\ ( >— ) ,N— [Et0AC 7\
HCN NH + F NO, = HC-N NO,
\__/ EtOAC \__/

F F
1
HCONH, e /\ NCCH,CO,H
10% Pd/C — . >—N=C=N—<
F
2
0
0 OH
/ N\ P
/N 1) Bui Hy,C-N N
H,C-N N - \__/ H
/ H oN
cN 2 D—coc F

E

3
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2.46

| 0
/ A
H,C-N N” o
__/ .--H
F NHCOCH,

The synthesis route to the title compound is shown in Chart No. 26.
1-Methy! piperazine was condensed with 3,4-difluoronitrobenzene and the product,
compound 1, was hydrogenated over palladium-on-carbon catalyst to give aniline 2.
Reaction of compound 2 with benzyl chloroformate gave the carbobenzoxy derivative 3.
Chromatography of the crude product followed by crystallization gave partially purified 3
which was suitable for further transformations. Deprotonation of 3 with butyllithium
followed by treatment with butyrate 4 gave the hydroxymethyloxazolidine 5. Compound
S was converted to the mesylate 6, then treated with sodium azide to give azide 7. The
azide was reduced by catalytic hydrogenation and the product, amine 8, was acetylated to
give the title target acetamide 9.

3-[3-Fluoro-4- -2-0X0-5-
oxazolidinylJmethyl]cyclopropanecarboxamide (WR 281131)

(0]
Q{} Py H
F \_hNHC‘4

The title compound was prepared by hydrogenation of azide 7 of Chart No. 26
followed by acylation of the product, amine 8, with cyclopropanecarbonyl chloride.

2.47
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CHART NO. 26

(S)-N-[[3-[3-FLUORO-4-[N-1-(4-METHYL)PIPERAZINYL]PHENYL]-2-OXO-5-

OXAZOLIDINYLIMETHYTLJACETAMIDE (WR 281130)

\ >N~ EtoA /\
CH,N NH + F NO, : CH;N N NO, k
7/ / 10% Pd-C
F

F THF
1
/\ CICOOCH,C,H /\
cH,N N NH, =~ N N NHCOOCH,CqH;
AN DMF \_/
F F
2 : 3
0 y
1) n-BULiTHF/-78°C/35 min /\ L MeSO,Cl
>~ CH,N, N N o -
A 0 —/ L(i DMF
0 @ OH
J ]/\/ -
° 5
-78°C/1 h &R.T.J20 h 5
o) o |
/\ A |
NaNy/NMF
cH,N N N” o —_ - / N\ PN
N/ wH CH,N N N o
\_'Q_ __/ [wH
OMs N
F c \
6 : 7
o)
10% PA-CHH, (30psi) } \ X /u\o
cHN \—Q
' - NH,
8
(CH,CO),0 Product
DMF B 9
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2.48 3.5-Bis(4-chlorophenyl)-o.-[2-(butylamino)ethyllbenzenemethanol

hydrochloride (WR 281240)
OH

| H
CHCH,CH,N(CH,),CH,

The synthesis route leading to the title compound is shown in Chart No. 27.
The methodology for the preparation of nitrotoluene 2 is based on the work of Dimroth
(39). The intermediate diaryltoluene 4 was synthesized previously in these laboratories
via this route (40).

Condensation of 4-chloroacetophenone with acetic anhydride in the presence
of sulfuric acid followed by treatment with perchloric acid, gave pyrylium salt 1.
Reaction of compound 1 with nitromethane and potassium t-butoxide afforded
nitrotoluene 2. The nitro group in compound 2 was reduced with tin and hydrochloric
acid and the product, aniline 3, was converted to a diazonium fluoroborate and reduced
with borohydride to yield the diaryl substituted toluene 4. Compound 4 was
dibrominated with N-bromosuccinimide then treated with silver nitrate in aqueous
dioxane to give the key intermediate, aldehyde 6. The aminoalkyl sidechain was
introduced by the reaction of 6 with the dilithium salt of N-butylacetamide followed by
reduction of the amide function with borane. Product 8 was purified and characterized as
the hydrochloride salt.
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-CHART NO. 27

3.5-BIS(4-CHLOROPHENY] )-a.-[2-BUTYLAMINO)ETHYL]BENZENEMETHANOL

CH,
Ar Ar
NO,
2
s NBS
—_—
Ar

HYDROCHIORIDE (WR 281240)
CH,
o .
” 1) Ac,0/H,S0, AN CH,NO,
ci < > C-CH, 2) HCIO, I — KOt-Bu
(0]
®
¢ cio, © c
1
CH, CH,
1) NaNO,
HBF,
Sn/HCI -
2) NaBH
Ar Ar ) NaBH, Ar Ar
NH, 4
HCI
3
CHBr, CHO
Li
AgNO, 1) LiCH,CONBu
A H,0/Dioxane Ar Ar 2) H,0
5 6
OH
OH

Ar

CHCH,CONH(CH,),CH,

CHCH,CH,NH(CH,),CH,

1) BH,

- ‘HCI

2) HCI

Ar

N
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2.49 5-Hydroxy-6-methoxy-4-methyl-8-nitroquinoline (WR 249332)

OH CH,
CH,0
X
=
N
NO,

The title compound, a precursor to the 8-amino derivative (Section 2.50) was
prepared by the reaction of 5,6-dimethoxy-4-methyl-8-nitroquinoline with ethanolic
hydrochloric acid.

2.50 8-Amino-5-hydroxy-6-methoxy-4-methvlquinoline hvdrochloride
(WR 279310)

OH CH,

CH,0
X
HCI
P
N
NH,

The title compound was prepared earlier in these laboratories (27) by a
somewhat leiigthy procedure in which the 5-hydroxy-8-nitroquinoline precursor was
converted first to a 5-benzyloxy compound, then reduced with iron-acetic acid to a 5-
benzyloxy-8-aminoquinoline. Cleavage of the benzyl ether by hydrogenolysis gave the
title 5-hydroxy-8-aminoquinoline.

The sequence was modified in the current resynthesis in that 5-hydroxy-6-
methoxy-4-methyl-8-nitroquinoline, prepared from the 5,6-dimethoxy compound, was
hydrogenated directly over palladium-on-carbon catalyst in the presence of hydrochloric
acid to give the title product.
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2.51 6-Methoxy-4-methyl-5.8-quinolinedione (WR 281280)

0] CH,
CH,0 i N
8e
1 N
0

The title compound was prepared by oxidation of the substituted 5-hydroxy-8-
aminoquinoline (see Section 2.50). The oxidation could be effected with ferric chloride
but purification of the crude product proved to be difficult. Better results were obtained
with sodium periodate as the oxidant. Although improvement in yield was only
moderate, product isolation and purification was much easier.

2.52 5(6)-Chloro-2.2’-bibenzimidazole (WR 281319)

The title compound was prepared by a general method described in the
literature (41,42) which involved condensation of 2-trifluoromethylbenzimidazole with 4-
chloro-1,2-phenylenediamine in the presence of ethanolamine. The requisite 2-(trifluoro-
methyl)benzimidazole was prepared by the reaction of 1,2-phenylenediamine with
trifluoroacetic acid (42,43).

Purification of the crude bibenzimidazole was effected by repeated
crystallizations and, although the purified product still showed the presence of a minor
impurity by TLC, analysis by HPLC showed product purity to be in excess of 99%. Due
to poor solubility characteristics, purification of the compound by column
chromatography was not feasible.
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2.53 5.8-Dihydroxy-6-methoxy-4-methylquinoline

OH CH,
CH,0
N
s
N
OH

The title compound was prepared by reduction of the precursor quinone.
Reduction with diethylhydroxylamine gave the desired diol but the reaction was slow and
product yield was low. Beter results were obtained with sodium dithionite which gave a
68% yield of the title dihydroxyquinoline.

2.54 5-Chloro-2.2’-bibenzoxazole (WR 281381

JOrash

Cl

The synthesis route to the title compound is shown in Chart No. 28.

2:Chlorobenzoxazole was treated with potassium cyanide, as described in the
literature (44), to give 2-cyanobenzoxazole 1. Reaction of compound 1 with methanol
and potassium carbonate gave imino ester 2. Treatment of 2 with 2-amino-4-chloro-
phenol yielded amidine 3 which readily cyclized when heated to afford the desired
bibenzoxazole 4. Alternatively, fusion of nitrile 1 with 2-amino-4-chlorophenol gave
product 4 directly. Accordingly, this more direct method was used to prepare the
requested test sample.
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- CHART NO. 28

5-CHLORO-2.2’-BIBENZOXAZOLE (WR. 281381)
(0] O
\ KCN o MeOH
Cl - —CN -
@N// DMF N/ K,CO;3

OH

=

NH HO NH
S

o |
©:/ COoCH, + :@\ — ©:/ C-NH
N H,N Cl N

2

23
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2.55 2-(Benzimidazol-2-y1)-5-chlorobenzoxazole (WR 201847

0

Cl

The synthesis route to the title compound is shown in Chart No. 29.

2-Amino-4-chlorophenol was condensed with potassium xanthate in accord
with a general literature procedure (45) to give 2-mercaptobenzoxazole 1. Chlorination
of compound 1, as described in the literature (46), gave the 2-chloro derivative 2 which
was treated with potassium cyanide in dimethylformamide to afford 2-cyanobenzoxazole
3. In the last step, compound 3 was fused with 1,2-phenylenediamine to yield the title
benzimidazolylbenzoxazole 4. '
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-CHART NO. 29

2-(BENZIMIDAZOL-2-Y1)-5-CHLOROBENZOXAZOLE (WR 201847)

S
OH ”
G - PCl,
+ EtOCSK — />—SH —_—
or Cl,
cl " N NH, N

Cl

|-

: :NHZ

o) [ IO NH,
[ I KCN
>_ N »— CN
N/ “ DMF o N/ A
ci -

2 3

LL~10

4

Ci

83




3. WORK ABANDONED

[3-(trifluoromethyl )phenoxy]quinoline

CF,

‘ 0 CH,

CH,0
/

NS
N

OCH,

HN <
_ CH-CH,CHCH,NH,

CH
3 OH

Synthesis of the title compound by the route shown in Chart No. 30 was
studied briefly.

Reductive alkylation of quinoline 2 with ketone 1 and cyanoborohydride gave
crystalline product 4 with acceptable elemental analysis. The NMR spectrum of this
product was consistent with the structure. Alternatively, alcohol 3 was converted to a
methanesulfonate, then coupled with quinoline 2 to give the same product. The
conversion of the dimethy] acetal in compound 4 to an aldehyde was not successfiil,
however. Treatment of compound 4 with dilute hydrochloric acid gave no reaction at
room temperature and a complex mixture when warmed to 45-50°C. In a modified
approach, alcohol 3 was converted to a 3-nitrobenzenesulfonate ester which was then
treated with acid in an effort to hydrolyze the acetal. The hydrolysis of this material gave
similaryl a multiproduct mixture (TLC).

At the request of the COR, work on this assignment was terminated.
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CHART NO. 30

8-[(4-AMINO-3-HYDROXY-1-METHYLBUTYL)AMINO]-2.6-DIMETHOXY -

4-METHY] -5-[3-TRIFLUOROMETHYL)PHENOXY]QUINOLINE

CF,
(0} CH,
o)
I CH,;0 = NaCNBH,
CH,C-CH,CH(OCH,) +
x
N OCH,
1
NH,
2
LiAIH,
Y
CF,
OH o CH,
| 1) CH,S0,CI H;0
CH,CHCH,CH(OCH,), CH;0
2) Copd. 2 =
3 x |
N OCH,
HN
~
__CH-CH,CH(OCH,),
CH,
4
CF,
(o] CH,
CH,0
= PRODUCT
x
N OCH,
HN
>CHCH2CHO
CH,

5
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3.2 3.5-Bis(4-chlorophenyl)-a.-[4-(butylamino)butvllbenzenemethanol

OH

CH-CH,CH,CH,CH,NHC,H,

Synthesis of the title compound was attempted via the route shown in Chart
No. 31.

The intermediate diaryltoluene 4 was prepared as described in seciton 2.48
above. Monobromination of compound 4 with N-bromosuccinimide followed by
reaction of the product with triphenylphosphine gave phosphonium salt 5. 3-
Carbomethoxypropionaldehyde was prepared by Rosenmund reduction of the acid
chloride. Treatment of salt 5 with butyllithium followed by the aldehyde gave the
unsaturated ester 6 (cis-trans mixture) which was hydrolyzed with base to acid 7.
Attempted lactonization of compound 7 under a variety of conditions, failed. However,
treatment of 7 with iodine and bicarbonate did give a new product. Based on spectral
evidence (IR and NMR), this product was the undesired y-lactone 9 and not the desired
product 8. As directed by the COR, further work on this assignment was terminated.
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- CHART NO. 31

3.5-BIS(4-CHLOROPHENYT )-a-[4-(BUTYLAMINO)BUTYL]-

BENZENEMETHANOL
CH,
o)
I 1) Ac,0H,SO, AN CH,NO,
- e ———
c < > CCH ")) Heio, | _ KOt-Bu
0
(5T
cl clo, ©} c
1
CH, CH, CH,
1) NaNO, -
HBF,
SHC .
2) NaBH,
Ar A Ar Ar Ar
NO, NH, 4
HCl
2 3
® 0
CHP.Br 'CH=CHCH,CH,CO,CH,
e}
1) NBS 1) BuLi OH
——— T et R
2) OHC(CH,),CO,CH
2) ¢,P A A ) OHC(CH,),CO,CH, Ar Ar
5 § o

CH=CHCH,CH,CO,H

I2
—————————————
NaHCO,

I~

0]
I
or
Ar Ar Ar

8
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4. EXPERIMENTAL

All melting and boiling points are uncorrected. Infrared spectra were recorded using
a Perkin-Elmer 1310 Spectrometer. Elemental analysis were performed by Midwest Microlab,
Ltd., Indianapolis, Indiana and Atlantic Microlab, Inc., Norcross Georgia. Vapor phase
chromatography was performed on a Hewlett-Packard HP5890A instrument with HP3394A
integrator/ recorder. High pressure liquid chromatography was performed using a Beckman
Model 110B solvent delivery module and LDC 3100 variable wavelength detector with
HP3394A integrator/recorder. NMR spectra were determined on a Nicolet QE 300
Spectrometer. Optical rotations were determined on a Jasco Model DIP-370 digital polarimeter.

S 3-(3-Fluoro-4-morpholinviphenyl)-2-0x0-5-oxazolidinyl Imethyllacetamide

(WR 280893)

4.1

The synthesis sequence to the title compound is shown in Chart No. 22.

3-Fluoro-4-morpholinylnitrobenzene (1): - To a solution of morpholine (12.6 g, 0.145
mol) and diisopropylethylamine (18.7 g, 0.145 mol) in ethyl acetate (70 mL) was added 3,4-

difluoronitrobenzene (21 g, 0.132 mol) dropwise over a 2 h period. During the course of
addition, the temperature of the mixture rose from 22.5°C to 29°C. The mixture was stirred at
room temperature overnight. Methylene chloride (50 mL), ethyl acetate (200 mL), and water
(100 mL) were added to the reaction mixture which contained a yellow precipitate. The phases
were separated and the aqueous phase was extracted with ethyl acetate (1 x 100 mL, 2 x 50 mL).
The combined organic phase was washed with brine (200 mL), dried (MgSO,), and concentrated

(aspirator, then oil pump) to give 30.2 g of crude 1 as a yellow crystalline solid. The solid was
dissolved in hot acetone (90 mL) and the solution was diluted with hot water (45 mL). The hot
clear solution was stirred at room temperature for 30 min and in an ice-bath for 2.5 h. The solid
was collected by suction filtration and dried at room temperature/0.5 mmHg overnight to give
28.9 g (97%) of pure compound 1 as bright yellow crystals, mp 108-110°C; lit., mp 111-112°C
(39).

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Toluene-ether (10:1) 0.37 Homogeneous
Materials
3,4-Difluoronitrobenzene Aldrich, Lot No. AN15430TG
Morpholine Aldrich, Lot No. CW01721JT
Diisopropylethylamine Aldrich, Lot No. HK2318DK
Ethyl acetate Aldrich, Lot No. MT02714MT

"~ Acetone Mallinckrodt, Lot No. 2440KTML
Methylene chloride J.T. Baker, Lot No. J51613
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Materials (Continued)

Magnesium sulfate, Tomita Pharm. Co., Lot No.
anhydrous F41014

3-Fluoro-4-morpholinylaniline (2): - A 1 L 3-necked flask equipped with a magnetic
stirring bar, an adaptor, and rubber septa was charged with compound 1 (28 g, 0.124 mol) and
ammonium formate (31.3 g, 0.496 mol). The flask was flushed with nitrogen and a degassed
mixture of tetrahydrofuran (70 mL) and methanol (290 mL) was added through a cannula. The
mixture was chilled with ice-water and 10% Pd/C (0.72 g) was added. The flask was evacuated
and refilled with nitrogen. The mixture was stirred at room temperature for 2 h, then additional
ammonium formate (15.6 g) and 10% Pd/C (0.36 g) were added. The mixture was stirred at
room temperature for an additional 1.5 h and filtered through a celite pad. The celite pad was
washed with a mixture of tetrahydrofuran (30 mL) and ethyl acetate (60 mL). The filtrate and
washings were combined and concentrated (aspirator) to near dryness. The residue was taken up
in a mixture of ethyl acetate (250 mL) and water (200 mL). The layers were separated and the
aqueous layer was extracted with ethyl acetate (200 mL). The combined organic layer was
washed with brine (200 mL), dried (MgSOs), and the solvent was removed (aspirator and then
oil pump) to give 23.7 g (97%) of compound 2 as a beige solid which was immediately taken on
"as is" in the next reaction. A 500 mg sample was recrystallized from tetrahydrofuran and
hexane to give 370 mg of tan crystals, mp 114-116°C.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Toluene-ethyl acetate (5:1) 0.16 Slight streaking
Materials
Compound 1 _ Ash Stevens Inc., Lot No.

CT-7-167
Ammonium formate Aldrich, Lot No. EQ10012TN
10% Palladium on carbon Aldrich, Lot No. TT02517LT
Tetrahydrofuran Aldrich, Lot No. KX00231JX
Methanol Mallinckrodt, Lot No. 3016KPEP
Ethyl acetate Fisher Scientific, Lot No.

952084

N-Carbobenzoxy-3-fluoro-4-morpholin laniline (3): - To a solution of compound 2
(23 g, 0.117 mol) in acetone (400 mL) and water (200 mL) at 0°C was added sodium bicarbonate
(19.7 g, 0.234 mol) followed by benzyl chloroformate (20.9 g, 0.123 mol). After the addition
was completed, the mixture was stirred at room temperature for 4.5 h and poured into a mixture
" ofice (400 g) and water (1 L) with stirring. The solid precipitate was collected by filtration,
washed with water (6 x 100 mL), and dried at room temperature/0.25 mmHg overnight to give
38.8 g (quantitative) of crude product as a tan solid. The solid was dissolved in hot acetone (200
mL). The solution was treated with charcoal (7 g) and filtered through a celite pad. The filtrate
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was diluted slowly with water (400 mL) with stirring. The mixture was stirred in an ice-bath for
2 h and filtered. The solid was dried at 65°C/0.25 mmHg overnight to give 36 g (93%) of
product 3 as light tan crystals, mp 122-123°C; lit., mp 123-124°C (35).

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment

Toluene-ethyl acetate (5:1) 0.35 Major

0.56 Trace impurity

0.11 Trace impurity
Maternials
Compound 2 Ash Stevens Inc., Lot No.

CT-7-169

Benzylchloroformate Aldrich, Lot No. LQ06606KQ
Acetone EM Science, Lot No. 34228434
Sodium bicarbonate Aldrich, Lot No. BG00729LF
Charcoal Fluka, Lot No. 301 730-1-891

-3-(3-Fluoro-4-morpholinylphenyl)-2-oxo0-5-oxazolidinylJmethanol (5): - To a
cold (-78°C) solution of compound 3 (22.5 g, 68 mmol) in dry tetrahydrofuran (270 mL) under a
nitrogen atmosphere was added butyllithium (42.5 mL, 1.6 M in hexane, 68 mmol) dropwise
through a syringe over a 20 min period. The solution was stirred at -78°C for 35 min, then a
solution of (R)-glycidyl butyrate (10 g, 69.4 mmol) in tetrahydrofuran (20 mL) was added over
11 min. The mixture was stirred at -78°C for one additional hour, then at room temperature for
20 h. The reaction was quenched by the successive addition of sat. aq. NH,Cl (15 mL), ethyl

acetate (200 mL), sat. ag. NH,CI (300 mL), and water (200 mL). The phases were separated and

the water layer was extracted with ethyl acetate (2 x 200 mL). The combined organic phase was
washed with brine (400 mL), treated with charcoal (10 g), dried (MgSOQs), and filtered. The
mixture was concentrated (aspirator) to give a beige solid. The solid was dissolved in hot ethyl
acetate (80 mL) and the solution was filtered. The clear filtrate was stirred at room temperature
for 30 min and in an ice bath for 1 h. Hexane (80 mL) was added to the mixture slowly and the
stirred mixture was cooled in the ice bath for an additional 2 h and then stored in the refrigerator
overnight. The product was collected by suction filtration to give 17.0 g (84%) of compound 3
as off-white crystals, mp 110-112°C; lit., mp 112-114°C (35).

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Ethyl acetate 0.33 Major
0.05 Minor impurity
0.61 Minor impurity
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A one gram sample was purified further by column chromatography (SiO3, 50 g,
ethyl acetate) followed by recrystallization (ethyl acetate-hexane) to give 902 mg of pure product
as white crystals, mp 113-115°C, [a]* -53.7° (c, 1.025, CHCL); lit., [o]*°P -54° (c, 0.99,
CHCL,) (35). '"HNMR (CDCl,) & 7.41 (d4, J=14.4 Hz, I'=2.6 Hz, 1 H), 7.09 (ddd, J=1.4 Hz,

I'=2.6 Hz, J"=8.8 Hz, 1 H), 6.89 (t, J=9.1 Hz, 1 H), 4.71 (m, 8 lines, 1 H), 4.02-3.88 (m, 3 H),
3.84 (t, J=4.6 Hz, 4 H), 3.72 (m, 1 H), 3.4 (t, ]=6.2 Hz, 1 H), 3.03 (t, ]=4.7 Hz, 4 H).

Anal. Caled for C,,H,_FN,0, (296.31): C,56.75; H, 5.78; F, 6.41; N, 9.45. Found:

C,56.86; H, 5.79; F, 6.42; N, 9.47.

Materials

Compound 3 Ash Stevens Inc., Lot No.
CT-7-171

Butyllithium (1.6 M in hexane) Aldrich, Lot No. 02615MQ

(R)(-)-Glycidyl butyrate Aldrich, Lot No. AQ12621LG

Tetrahydrofuran Chempure, Lot No. M158KPHA

Ethyl acetate Fisher Scientific, Lot No.
952084

Ammonium chloride J.T. Baker, Lot No. 45304

Hexanes J.T. Baker, Lot No. J51694

Silica gel EM Science, Lot No.
TA770634-516

Charcoal Fluka, Lot No. 301730-1-891

-3(3-Fluoro-4-morpholinylphenyl)-2-oxo-5-oxazolidinyllmethyl
methanesulfonate (6): - To a solution of compound 5 (15.9 g, 53.7 mmol) and triethylamine
(10.9 g, 107.4 mmol) in methylene chloride (350 mL) at 0°C was added methanesulfonyl
chloride (8.6 g, 75.2 mmol) dropwise over a 5.5 min period. After 30 min, the mixture was
filtered. The white solid was washed with water (6 x 50 mL) and dried at 65°C/0.5 mmHg
overnight to give 17.6 g of product as a white solid. The layers of the combined filtrate and
wash were separated and the aqueous layer was extracted with methylene chloride (2 x 100 mL).
The combined methylene chloride phase was washed with brine (200 mL), dried (MgSOy), and
concentrated (aspirator) to give 3.25 g of product as a second crop.

The first crop product (17.6 g) was dissolved in hot acetonitrile and the clear solution
was stirred at room temperature for 60 min and in an ice bath for 30 min. Ether (170 mL) was
added dropwise to the mixture over a 30 min period and the mixture was then refrigerated
overnight. The solid was collected by filtration and dried at 25°C/0.5 mmHg for 4 h to give 16.6

g(82%) of pure product as white crystals, mp 182-184°C, [a]*° -52.8° (c, 1.04, DMF); lit.,
[0, -50° (c, 0.998, DMF) (35).
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Thin-Layer Chromatography Analtech Silica Gel GF

Eluent
Ethyl acetate
Materials
Compound 5

Methylene chloride

Triethylamine

Methanesulfony! chloride

Magnesium sulfate,
anhydrous

Acetonitrile

Ethyl ether

Rf Comment
0.40 Homogeneous
Ash Stevens Inc., Lot No.

CT-7-173

J.T. Baker, Lot No. J51613

Aldrich, Lot No. DX01021BX

Aldrich, Lot No. KQ08929JQ

Tomita Pharmaceutical Co.
Lot No. F41014

Aldrich, Lot No. 05516KX

Fisher Scientific, Lot No.
967049-15

(R)-[N-3-( 3-Fluoro-4-morpholinylphenyl)-2-oxo-5-oxazolidinyllmethylazide (7): - A

mixture of compound 6 (16 g, 42.8 mmol) and sodium azide (10 g, 153.8 mmol) in dimethyl-
formamide (300 mL) was heated at 75°C for 17 h. The mixture was cooled to room temperature
and poured into ice water (600 mL). The product was extracted from the aqueous solution with
ethyl acetate (3 x 300 mL). The combined ethy] acetate extract was washed with brine (5 x 300
mL), dried (MgSO4), and concentrated (aspirator and then oil pump) to give 13.7 g (quantitative)
of product as a cream colored solid, mp 104.5-105 .5°C. The compound was used as such in the
next step without further purification.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent

Ethyl acetate

Materials
Compound 6
Sodium azide
Dimethylformamide

Ethyl acetate

Magnesium sulfate,
anhydrous
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Rf Comment
0.54 Major
0.26 Minor impurity

~ Ash Stevens Inc., Lot No.

CT-7-175
Fluka, Lot No. 286415-1288
Aldrich, Lot No. 05143HY
Fisher Scientific, Lot No.
952084
Tomita Pharmaceutical Co.,
Lot No. F41014




(WR 280893) (9): - A solution of compound 7 (7 g, 21.8 mmol) in ethyl acetate (100 mL) was
hydrogenated (30 psi) for 2 h over 10% palladium-on-carbon (700 mg). The reaction mixture
was filtered through a celite pad, and the filtrate was concentrated under reduced pressure
(aspirator, then oil pump) to give 6.4 g of crude compound § as a tan, gummy solid. This solid
was dissolved in pyridine (13 mL), and acetic anhydride (6.4 g, 62.7 mmol) was added dropwise
with ice-cooling under nitrogen. After the addition was completed, the mixture was stirred in an
ice-bath for 10 min, at room temperature for 80 min, and poured into ice water (30 mL). The
aqueous quench was extracted with ethyl acetate (1 x 60 mL, 2 x 30 mL) and the combined ethyl
acetate extract was washed successively with brine (3 x 30 mL), saturated aq. NaHCO5 (3 x 30
mL), brine (2 x 30 mL), and dried (MgSO,). The solution was filtered and the solvent was
removed at reduced pressure (aspirator, then oil pump) to give a light beige solid (6.6 g). The
solid was dissolved in warm acetonitrile (30 mL) and the solution was filtered through a celite
pad. The celite pad was washed with acetonitrile (5 mL). The combined filtrate and wash was
stirred at room temperature, and hexane (35 mL) was added slowly. The mixture was stirred in
an ice bath for 1.5 h and filtered to give the product as a light pink solid. The solid was
dissolved in hot ethyl acetate (60 mL). The solution was treated with charcoal (1.5 g) and
filtered through a celite pad. The clear filtrate was concentrated to dryness (aspirator), and the
residue was dissolved in a hot mixture of acetonitrile (10 mL) and ethyl acetate (50 mL). The
solution was filtered and the clear filtrate was stirred at room temperature for 30 min and in an
ice bath for 60 min. The product was collected by filtration and dried at 60°C/0.25 mmHg for 16
hto give 3.97 g (54% yield from azide) of pure target compound 9 9 25 white crystals, mp 177-

179°c [0, -11.5° (¢, 1.00, CHCLy); lit., mp 181.5-182.5°C, [o] ,-9° (c, 0.919, CHCL,) (35).

'H NMR (CDCL) & 7.41 (dd, J=2.6 Hz, '=14.3 Hz, 1 H), 7.06 (ddd, I=1.2 Hz, I'“2.6 Hz, I"=8.8
Hz, 1 H), 6.91 (t, J=9.1 Hz, 1 H), 6.82 (br t, J=6.0 Hz, 1 H), 4.78 (m, 1 H), 4.01 (t, J=8.9 Hz, 1
H), 3.85 (1, J=4.7 Hz, 4 H), 3.77 (dd, ]=9.4 Hz, I'=6.5 Hz, 1 H), 3.64 (dd, J=6.2 Hz, J'=4.6 Hz, 2
H), 3.04 (t, J=4.7 Hz, 4 H), 2.01 (s, 3 H).

Anal Calcd for C15HzoFN O (337.36): C,56.97,H,5.98; F, 5.63; N, 12.46. Found:

C, 56.89; H, 5.92; F, 5.50; N, 12.35.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Ethyl acetate-methanol (5:1) 0.47 Homogeneous
Ethyl acetate 0.06 Homogeneous
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Materials

Compound 7 Ash Stevens Inc., Lot No.
CT-7-179
Ethyl acetate Aldrich, Lot No. MT02714MT
10% Palladium on carbon Aldrich, Lot No. TT02517LT
Pyridine Aldrich, Lot No. EN14109EN
Acetic anhydride Aldrich, Lot No. JQ04920TN
Sodium bicarbonate FMC Corp., Lot No. 92-358
Hexanes J.T. Baker, Lot No. J51694
Charcoal Fluka, Lot No. 301730-1-891

42 1-Amino-3-dimethylamino-2-propanol (WR 280902)

The synthesis route to the title compound is shown in Chart No. 23.

N-(2.3-Epoxypropyl)phthalimide (1): - A 2-L 3-necked flask equipped with a
thermowell, a stirrer and a vigreux column was charged with dimethylformamide (580 mL),
epibromohydrin (158.9 g, 1.16 mol) and potassium phthalimide (214.9 g, 1.16 mol). The
mixture was stirred at 35-40°C for 5 h, cooled to room temperature and methylene chloride (500
mL) was added. The mixture was poured in ice (1.5 kg) and water (1.3 L) and the flask was
rinsed with water (0.7 L). The layers were separated and the aqueous layer was extracted with
methylene chloride (2 x 500 mL). The organic layers were combined and washed with cold 0.1
N sodium hydroxide (600 mL) and cold water (3 x 500 mL). The organic layer was dried over
magnesium sulfate (40 g), filtered through a celite pad, and the filter pad was washed with
methylene chloride (100 mL). The filtrate was concentrated to dryness (aspirator, warm water

bath, 40 = 3°C) to give a white solid. The solid was dissolved in hot ethanol (120 mL) and the
stirred solution was allowed to cool. Ethanol (180 mL) was added as crystallization took place
in order to keep the mixture stirring smoothly. The mixture was cooled to 5°C and filtered. The
solid was washed with cold ethanol (100 mL) and petroleum ether (150 mL) and air-dried to give
177.9 g (75.5%) of pure product as a white, fluffy solid, mp 99-100°C with prior shrinking at
97°C; lit., mp 96-98°C (47).

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Hexanes-ethyl acetate-acetic acid 0.42 Homogeneous
(7:2:1)
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Materials

Dimethylformamide Mallinckrodt, Lot No. 4929KL.TK
Epibromohydrin Fluka, Lot No. 358404/1 496
Potassium phthalimide Aldrich, Lot No. 07102BQ
Methylene chloride J.T. Baker, Lot No. J51613
Water, deionized Ash Stevens Inc., no Lot No.
Sodium hydroxide J.T. Baker, Lot No. H04935
Magnesium sulfate, ' Barrington, Lot No. F41014
anhydrous
Celite ' Celite Corp., Lot No.
C5453AP01016
Ethanol Baxter, Lot No. 6038
Petroleum ether (bp 35-60°C) J.T. Baker, Lot No. H04650

3-Dimethylamino-1-phthalimido-2-propanol (2): - A 2-L 3- necked flask equipped

with a gas inlet adapter with side outlet, a stirrer, and a thermometer was charged with
acetonitrile (1.0 L). The contents were cooled to 0°C and dimethylamine (90.4 g, 2.0 mol) was
passed into the solvent while maintaining the temperature at 0°C, then compound 1 (100 g, 0.492
mol) was added. The cooling bath was removed and the solution was allowed to warm over a 60
min period to room temperature, then warmed over ca. 80 min to 55°C. The solution was
allowed to cool to room temperature while being purged with argon. The solvent was removed
at reduced pressure (aspirator, steam bath) to give a yellow oil. 2-Propanol (500 mL) and
toluene (1.0 L) were added and the solvent was distilled atmospherically to 109°C head
temperature, then at reduced pressure (aspirator). The residual oil was dissolved in hot 2-
propanol (600 mL) and the solution was cooled in an ice bath. The solid was collected by
filtration, washed with cold 2-propanol (80 mL) and petroleum ether (100 mL), and air-dried to
give 87.4 g of product, mp 84-85°C.

In a similar manner, an additional 75.0 g of compound 1 was processed to give 57.9 g
of product.

The combined crystallization mother liquors were concentrated to about one-fourth
volume, cooled, and filtered to give 51.3 g of second crop product, mp 84-85°C.

The combined product (195 g) was recrystallized from 2-propanol (970 mL) and
dried at 40°C/1 mmHg for 3 h and at room temperature/1 mmHg overnight to give 111.3 g of
pure compound 2, mp 84.5-86°C.

Concentration of the crystallization mother liquor gave a second crop of pure
compound 2, 68.9 g, mp 85-86°C. The combined yield was 180.2 g (84%).

Anal. Calcd for C13H16N203 (248.28): C,62.89; H, 6.50; N, 11.28. Found (first

“crop): C, 63.01; H,6.72; N, 11.11.
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Thin-Layer Chromatography Analtech Silica Gel GF

Eluent ‘ Rf Comment
Methanol (first crop) 0.46 Major
0.87 Trace impurity
Methanol (second crop) 0.46 Homogeneous
Materials
Compound 1 ‘ Ash Stevens Inc., Lot No.
KB-02-280
Acetonitrile Baxter, Lot No. BF350
Dimethylamine Aldrich, Lot Nos. 13325EF and
13003JQ
Fluka, Lot No. 286911889
2-Propanol Mallinckrodt, Lot No. 3032KTKT
Chempure, Lot No. M164KMJX
Toluene J.T. Baker, Lot Nos. H15630
and J30661
Petroleum ether (bp 35-60°C) J.T. Baker, Lot No. H04650

1-Amino-3-dimethylamino-2-propanol (3) (WR 280902): - A 1- L 3-necked flask
equipped with a thermometer, a stirrer and a reflux condenser was charged with compound 2
(68.4 g, 0.275 mol) and concentrated hydrochloric acid (340 mL). The mixture was heated at
reflux for 17 b, cooled to room temperature, then cooled in an ice bath for 15 min. The solid was
collected by filtration, washed with cold water (20 mL) and discarded. The filtrate was
concentrated at reduced pressure (aspirator, steam bath) to an oil. Water (100 mL) was added
and the solution was concentrated again to an oil. This process was repeated once more to give a
very thick amber oil which solidified when stored at room temperature overnight. The solid was
dissolved in hot methanol (400 mL). The solution was cooled to room temperature and passed
through a column (4.5 x 28.5 cm) of Dowex 2-X8 hydroxide form ion exchange resin. The
column was eluted with methanol (1.5 L). An early fraction (300 mL) tested positive for
chloride ion. This fraction was concentrated to a volume of 50 mL, passed through a fresh resin
column (4.5 x 10.5 cm) and eluted with methanol (300 mL). The combined eluates from both
columns which tested negative for chloride ion were concentrated at reduced pressure (aspirator,
50-60°C) to a fluid yellow oil. The oil was distilled to give 22.2 g (68%) of pure title compound,

clear, colorless oil, bp 72-73°C/4.5 mmHg; lit., bp 103°C/28 mmHg (48). '"H NMR (CDCL) &

3.64 (m, 1 H), 2.7 (dd, J=3 Hz, 13 Hz, 1 H), 2.61 (dd, ]=7 Hz, 13 Hz, 1 H), 2.36 (dd, J=10 Hz,
12 Hz, 1 H), 2.27 (s, 6 H), 2.17 (dd, J=3 Hz, 13 Hz, 1 H).

Anal. Calcd for C5H14N20 (118.18): C,50.82; H, 11.94; N, 23.70. Found: C, 50.57;
H, 11.97; N, 23.52.
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Thin-Laver Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Methanol-methylene chloride- 0.30 Homogeneous
water-ammonium hydroxide '

(10:8:1:1)

Materials

Compound 2 Ash Stevens Inc., Lot No.
KB-02-287B

Hydrochloric acid J.T. Baker, Lot No. K27033

Water, deionized Ash Stevens Inc., no Lot No.

Methanol Aaper, Lot No. 96130M1

Dowex 2X8 Dow Chemical, Lot No.
MM90116-FA

4.3 2-Cyvano-3-cyclopropyl-3-hydroxy-N-[4-(trifluoromethyl)phenyl]propenamide
(WR 280903) -

2-Cyano-N-[(4-trifluoromethylphenyl]acetamide: - Cyanoacetic acid (4.3 g, 0.05 mol)
and 4-(trifluoromethyl)aniline (8.9 g, 0.055 mol) were dissolved in tetrahydrofuran (50 mL) and

the solution was stirred at room temperature. Diisopropylcarbodiimide (6.3 g, 0.05 mol) was
added dropwise over 4 min. The reaction temperature varied between 20° and 55°C during the
addition. The reaction mixture was stirred at room temperature for 21 h and filtered. The filtrate
was concentrated (aspirator) to dryness. The residual solid was washed successively with
ethanol (20 mL), methylene chloride (20 mL), and hexane (40 mL), and dried at room
temperature/0.25 mmHg for 2 h to give 6.9 g (61%) of product as a white solid, mp 194-196°C;
lit., mp 195-196°C (36). The compound was used as such in the next step without further
purification. '

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment

Toluene-tetrahydrofuran (4:1) 0.18 Homogeneous
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Materials

4-(Trifluoromethyl)aniline Oakwood Products, Lot No. N31L
Cyanoacetic acid Aldrich, Lot No. AQ02309JL
Diisopropylcarbodiimide Aldrich, Lot No. CQ09724AQ
Tetrahydrofuran Aldrich, Lot No. KX00231JX
Ethanol CMS Chempure, Lot No.
M256KPPR(-08)
Methylene chloride J.T. Baker, Lot No. J51613
Hexane J.T. Baker, Lot No. J51694

2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-(trifluoromethyl)phenyl]propenamide (WR
280903): - 2-Cyano-N-[4-(trifluoromethyl)phenyl]acetamide (6.5 g, 28.5 mmol) was suspended
in tetrahydrofuran (250 mL) and the mixture was cooled to <5°C. Sodium hydride (60% sodium
hydride in oil, 2.5 g, 62.7 mmol) was added while the temperature was maintained at <10°C.
The mixture was allowed to warm to ambient temperature and stirred for 30 min.
Cyclopropanecarbonyl chloride (3.6 g, 34.2 mmol) was added over 5 min, and the mixture was
stirred at room temperature for 1 h. The reaction was quenched by careful addition of acetic acid
(6.5 mL) and poured into ice water (250 mL) containing conc. HC1 (6.5 mL). The solid
precipitate was collected by filtration and washed with water (5 x 100 mL). The light beige solid
was dissolved in methylene chloride (300 mL) and the solution was washed with water (100 mL)
and brine (100 mL), dried (MgSO0,), and filtered. The filtrate was treated with charcoal (3 g) and

filtered through a celite pad. The filtrate was concentrated under reduced pressure (aspirator and
then oil pump) to dryness to give 7.4 g of product as a beige solid. The solid was dissolved in
hot tetrahydrofuran (50 mL). The solution was treated with charcoal (3 g), filtered through a
celite pad, and the filtrate was concentrated (aspirator) to dryness. The residue was dissolved in
hot tetrahydrofuran (25 mL) and the solution was filtered. The filtrate was reheated and the clear
solution was allowed to cool. When crystals started to form, the mixture was stirred at room
temperature for 30 min, then stored in a refrigerator overnight. The product was collected by
suction filtration, washed with a mixture of tetrahydrofuran and petroleum ether (1:2, 20 mL),
then with petroleum ether (40 mL) and dried at 60°C/0.3 mmHg for 2 h to give 2.9 g (35%) of

pure product as off-white crystals, mp 212-214°C; lit., mp 212-213°C (36). 'HNMR (CDCl,) 3
15.63 (s, 1 H, D70 exchangeable), 7.76 (s, 1 H), 7.63 (s, 4 H), 2.15 (m, 1 H), 1.34 (m, 2 H), 1.18
(m, 2 H).

Anal, Caled for C, H, F,N,0, (296.26): C, 56.76; H,3.74; F, 19.24;N, 9.45.

Found: C, 56.68; H, 3.50; F, 19.27; N, 9.42.

Thin-Layer VChromatogaghy Analtech Silica Gel GF

Eluent Rf Comment
Methylene chloride-formic acid 0.59 Slight streaking
(100:0.5)
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Materials

2-Cyano-N-[4-(trifluoro-
methyl)phenyl]acetamide

Tetrahydrofuran

Sodium hydride

Cyclopropanecarbonyl chloride

Acetic acid

Hydrochloric acid

Methylene chloride
Charcoal
Petroleum ether
(bp 38.1-54.9°C)
Magnesium sulfate, anhydrous

Ash Stevens Inc., Lot No.
CT-7-183

Mallinckrodt, Lot No. 8498KMTM

Aldrich, Lot No. 13410DQ

Aldrich, Lot No. CQ12723LG

Chempure, Lot No. MO02KPRS

Chempure, Lot No.
M152KPCX(-46)

J.T. Baker, Lot No. J516113

Fluka, Lot No. 301730-1-891

Fisher Scientific, Lot No.
963355

Tomita Pharm. Co., Lot No.
F41014

4.4 2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-( triﬂuoromefhoxy )phenyljpropenamide

(WR 280904)

2-Cyano-N-[4-(trifluoromethoxy)phenyl]acetamide: - Cyanoacetic écid (8.5g,0.1
mol) and 4-(trifluoromethoxy)aniline (19.5 g, 0.11 mol) were dissolved in tetrahydrofuran (100

mL) at room temperature. Diisopropylcarbodiimide (12.6 g, 0.1 mol) was added dropwise to the
stirred solution over 5 min. The reaction temperature varied between 20°C and 63°C during the
addition. The mixture was stirred at room temperature for 23 h and filtered. The filtrate was
concentrated under reduced pressure (aspirator) to dryness. The residual solid was washed
successively with ethanol (30 mL), methylene chloride (60 mL), and hexanes (120 mL) and dried
at room temperature/0.2 mmHg for 4 h to give 16.6 g (68%) of product as a white solid, mp 152-
154°C. This compound was used as such in the next step without further purification.

Thin-Layer Chromatography Analtech Silica Gel GF

Fluent

Toluene-tetrahydrofuran
(4:1)

Materials

4-(Trifluoromethoxy)aniline
Cyanoacetic acid
Diisopropylcarbodiimide
Tetrahydrofuran

Ethanol

Methylene chloride
Hexanes

Rf Comment

0.25 Homogeneous

Oakwood Products, Lot No. M20L

Aldrich, Lot No. AQ02309JL

Aldrich, Lot No. CQ09724AQ

Aldrich, Lot No. KX00231JX

CMS Chempure, Lot No.
M256KPPR(-08)

J.T. Baker, Lot No. J51613

J.T. Baker, Lot No. J51694




2-Cyano-3-cyclopropyl-3-hydroxy-N-[4-(trifluoromethoxy)phenyl]propenamide (WR
280904): - 2-Cyano-N-[4-(trifluoro-methoxy)phenyl]acetamide (9.8 g, 40 mmol) was suspended
in tetrahydrofuran (350 mL) and the mixture was cooled to <5°C. Sodium hydride (60% sodium
hydride in oil, 3.5 g, 88 mmol) was added while the temperature was maintained at <10°C. The
mixture was allowed to warm to ambient temperature and stirred for 30 min.
Cyclopropanecarbonyl chloride (5 g, 48 mmol) was added dropwise over 3 min, and the mixture
was stirred at room temperature for 1 h. The reaction was quenched by careful addition of acetic
acid (9 mL) and the mixture was poured into ice water (350 mL) containing conc. HC1 (9 mL).
The solid was collected by filtration, washed with water (5 x 200 ml), and air-dried overnight to
give 12.5 g of light orange-colored product. This product was dissolved in methylene chloride
(400 mL). The solution was washed with water (200 mL) and brine (200 mL), dried (MgSO,),

and filtered. The filtrate was treated with charcoal (5 g) and filtered through a celite pad. The
filtrate was concentrated (aspirator and then oil pump) to a beige solid (11.4 g). The solid (10.5
g) was dissolved in hot tetrahydrofuran (50 mL) and the solution was filtered. The filtrate was
stirred in an ice bath and petroleum ether (5 x 10 mL) was added at 10 min intervals. The
precipitate was collected by filtration and recrystallized once more in the same manner from
tetrahydrofuran (30 mL) and petroleum ether (30 mL). The solid was collected and dried at
60°C/0.3 mmHg for 2 h to give 3.7 g (30%) of pure product as white crystals, mp 175-176°C;
lit., mp 173-175°C (36).

Concentration of the mother liquors gave 4.3 g of second crop product, mp 175-
1
176°C, which was set aside. H NMR (CDCl,) § 15.70 (s, 1 H, D,0O exchangeable), 7.65 (s, 1
H), 7.53 (m, 1 H), 7.51 (m, 1 H), 7.21 (d, J=8.5 Hz, 2 H), 2.14 (m, 1 H), 1.32 (m, 2 H), 1.15 (m,
2 H).

Anal. Calcd for C H, F,N,0; (312.26): C, 53.85; H, 3.55; F, 18.25; N, 8.97.

Found: C, 53.79; H, 3.53; F, 18.27; N, 8.97.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent ' Rf Comment
Methylene chloride-formic acid 0.58 Slight streaking
(100:0.5)
Materials
2-Cyano-N-[4-(trifluoro- Ash Stevens Inc., Lot No.
methoxy)phenyl]acetamide CT-7-186
Tetrahydrofuran Mallinckrodt, Lot No. 8498KMTM
Sodium hydride Aldrich, Lot No. 13410DQ
Cyclopropanecarbonyl chloride Aldrich, Lot No. CQ12723LG
. Acetic acid Chempure, Lot No. MOO2KPRS
Hydrochloric acid Chempure, Lot No.
M152KPCX(-46)
Methylene chloride J.T. Baker, Lot No. J5163
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Materials (Continued)
Charcoal Fluka, Lot No. 301730-1-891

Petroleum ether Fisher Scientific, Lot No.
(bp 38.1-54.9°C) 963355
Magnesium sulfate, anhydrous Tomita Pharm. Co., Lot No.
F41014
4.5 2-Cyano-3-cyclopropyl-3-hydroxy-N-(3-fluoro-4-morpholinylphenyl)propenamide
(WR 280991)

The synthesis route to the title compound is shown in Chart No. 24.

3-Fluoro-4-morpholinylnitrobenzene (1): - This intermediate was prepared as

described in section 4.1.

3-Fluoro-4-morpholinylaniline (2): - Ammonium formate (31.63 g, 501 mmol) was
added to a warm (40°C) solution of compound 1 (28.05 g, 124 mmol) in tetrahydrofuran (75 mL)

and methanol (300 mL). The flask was alternately evacuated and filled with nitrogen (three
times) and cooled to 10°C. Palladium-on-carbon (10%, 0.85 g) was added and the flask was
again evacuated and filled with nitrogen. The mixture was warmed to room temperature and
stirred for 1.5 h. Analysis by TLC (Analtech, EtOAc-hexanes, 1:3) showed the presence of
starting material. More ammonium formate (8.45 g, 134 mol) and 10% palladium-on-carbon
(0.21 g) were added and the mixture was stirred for an additional 45 min. The mixture was
filtered through a pad of celite and the filter pad was washed with tetrahydrofuran (30 mL) and
ethyl acetate (50 mL). The filtrate was concentrated to one-half volume (25-30°C/aspirator) and
diluted with water (300 ml) and ethyl acetate (250 mL). The layers were separated and the
aqueous layer was extracted with ethyl acetate (200 mL, 2 x 100 mL). The combined organic
phase was washed with saturated sodium chloride solution (150 mL, dried (MgSO ,)» and filtered

through a pad of celite. The filtrate was concentrated to dryness (25-30°C/aspirator) to give
crude title compound, 23.81 g (98%). This material was used as such directly in the next step.

Thin-Layer Chromatography EM Science Kieselgel 60 F.q

Eluent Rf Comment
Methylene chloride-methanol- 0.44 Major
acetic acid (94.5:5:0.5) ' -0.27,0.32 Trace impurities
Materials
Compound 1 Ash Stevens Inc., Lot No.

CT-7-189

Tetrahydrofuran Aldrich, Lot No. 00460MQ
Methanol Chempure, Lot No. M182KTCV
Ammonium formate Aldrich, Lot No. EQ10012TN

10% Palladium-on-carbon Aldrich, Lot No. TT02517LT
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Materials (Continued)

Celite, technical Celite Corp., Lot No.
C5453AP301016

Ethyl acetate Fisher Scientific, Lot No.
963942

Magnesium sulfate, anhydrous J.T. Baker, Lot No. H21642

Sodium chloride, food grade Morton International Inc.,
no Lot No.

Water, deionized Ash Stevens Inc., no Lot No.

N-(3-Fluoro-4-morpholinylphenyl)-2-cyanoacetamide (3): - A warm (40°C) solution
of compound 2 (22.48 g, 114.6 mmol) and cyanoacetic acid (8.68 g, 102 mmol) in dry
tetrahydrofuran (100 mL) was degassed at reduced pressure and blanketed with nitrogen. The
solution was cooled in a water bath (10°C) and 1,3-diisopropylcarbodiimide (13.29 g, 105 mmol)
was added over a 10 min period (exotherm to 47°C). The mixture was diluted with dry
tetrahydrofuran (30 mL) and stirred at room temperature for 17 h. The solid was collected by
filtration, washed with dry tetrahydrofuran (2 x 25 mL) and air-dried for 22 h to give 35.14 g of
product contaminated with 1,3-diisopropylurea.

The crude product (33.71 g) was dissolved in hot ethanol (1 L). The solution was
filtered (gravity) and the stirred filtrate was allowed to cool to room temperature over a 2h
period. The light pink solid was collected, washed with hexanes (2 x 500 mL) and air-dried for
17 h to give 18.79 g of purified product, mp 214-216°C. The purified product (18.79 g) was
redissolved in hot ethanol (1 L). The solution was filtered (gravity) and the filtrate was stirred at
room temperature for 1 h, then cooled in an ice bath for 30 min. The off-white solid was
collected by filtration, washed with hexanes (2 x 50 mL), and dried at 65°C/0.1 mmHg for 90
min to give 17.51 g (58%) of pure product, mp 215-217°C. 1H NMR (DMSO-d,) 10.30 (s, 1 H,
D,0 exchangeable-NH), 7.44 (dd, J=14.7 Hz, I'=2.4 Hz, 1 H, ArH-2), 7.16 (dd, J=9 Hz, I'=2.4
Hz, 1 H, ArH-6), 6.97 (t, J=9 Hz, | H, ArH-5), 3.84 (s, 2 H, C(O)CH,CN), 3.69 (t,J=4.5Hz, 4
H, OCH,), 2.91 (t, J=4.5 Hz, 2'H, CH N).

Anal. Calcd for C13H14FN302 (263.271): C, 59.30; H, 5.36; F, 7.22; N, 15.96.

Found: C,59.37;H, 5.24; F, 7.33; N, 16.03.
Thin-Laver Chromatography EM Science Kieselgel 60 F,,
Eluent Rf Comment

Methylene chloride-methanol- 0.31 Homogeneous
acetic acid (94.5:5:0.5)
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Materials

Compound 2 Ash Stevens Inc., Lot No.
DJD-15-80
Tetrahydrofuran (distilled Chempure, Lot No. M306KJMH
from LiAlH, prior to use)
1,3-Diisopropylcarbodiimide Aldrich, Lot No. MQ00715JQ
Ethanol (190 proof) Aaper, Lot No. 96H27VBRFG

3-fluoro-4-morpholinylphenyl)propenamide
(4) (WR 280991): - Sodium hydride (60% dispersion in mineral oil, 3.88 g, 97 mmol) was added

in two portions over 3 min to a suspension of compound 3 (11.04 g, 41.9 mmol) in dry

tetrahydrofuran (550 mL) at room temperature under a nitrogen atmosphere. The thick white
suspension was stirred for 35 min, then cyclopropanecarbonyl chloride (5.36 g, 51.3 mmol) was .
added over a 3 min period. The mixture was stirred at room temperature for 18 h. The reaction

was quenched by the careful addition of dilute hydrochloric acid (0.5 N, 250 mL) and the

mixture was concentrated to a volume of 200 mL (aspirator, 25-30°C). The suspension was

stirred for 10 min and filtered. The solid was washed with water (2 x 15 mL) and dissolved in
dichloromethane (500 mL). The solution was washed with water (250 mL) followed by

saturated sodium chloride solution (250 mL) and dried (MgSO ,)- The solution was treated with

charcoal (1 g) and filtered through a pad of celite. The filtrate was concentrated to dryness (20-
25°C, aspirator) to give crude title compound, 15.18 g. The crude product was dissolved in
warm dichloromethane (150 mL) and chromatographed over silica gel (75 g, 15 x 4.5 cm). The
column was eluted with dichloromethane (500 mL) and 1% methanol-dichloromethane (500
mL). The product-containing fractions were combined and concentrated to near dryness (20-
25°C, aspirator). The concentrate was diluted with hexanes (100 mL) and the suspension was
stirred at room temperature for 10 min. The off-white solid was collected by filtration and air-
dried for 18 h to give 9.73 g of purified product. This material was dissolved in hot, dry
tetrahydrofuran (55 mL). The solution was filtered (gravity) and the filtrate was diluted with
hexanes (25 mL). The mixture was stirred for 30 min at room temperature and filtered. The
white solid was washed with hexanes (2 x 15 mL) and dried at 75°C/0.1 mmHg for 2 h to give
6.4 g (46%) of pure product, mp 182-184°C. Concentration of the mother liquor gave additional

pure product 4, 1.3 g (9%), mp 182-184°C. 1H NMR (DMSO-d)) 14.35 (broad s, 1 H, D,0
exchangeable, -OH), 10.31 (s, 1 H, D,0 exchangeable, NH), 7.40 (dd, J=14.7 Hz, I'=1.8 Hz, 1 H,
ArH-2), 7.22 (44, J=8.7 Hz, I'=1.5 Hz, 1 H, ArH-6), 6.97 (t, J=9.3 Hz, 1 H, ArH-5), 3.70 (dt,
J=4.5Hz,4 H, OC__H2), 2.94 (t,J=4.35 Hz, QHZN), 2.11 (m, 1 H, cyclopropyl), 1.07 (m, 4 H,
cyclopropyl). :

Anal. Caled for C,,H, FN,0, (331.345): C,61.62; H, 5.48; F, 5.73; N, 12.68.

Found: C, 61.41; H, 5.40; F, 5.63; N, 12.48.
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Thin-Layer Chromatography EM Science Kieselgel 60 F,,

Eluent

Methylene chloride-methanol
acetic acid (94.5:5:0.5)

Materials
Compound 3

Tetrahydrofuran (distilled
from LiAlH, prior to use)
Sodium hydride, 60% dispersion
in mineral oil
Cyclopropanecarbony! chloride
Hydrochloric acid
Dichloromethane
Magnesium sulfate, anhydrous
Sodium chloride, food grade

Silica gel
Methanol

Hexanes

Water, deionized

4.6 Recrystallization of WR 238605

Rf Comment

0.41 Homogeneous

Ash Stevens Inc., Lot No.
DJID-15-83
Chempure, Lot No. M306KJMH

Aldrich, Lot No. 12513LQ

Aldrich, Lot No. CQ12723LG

J.T. Baker, Lot No. K27033

J.T. Baker, Lot No. H40639

J.T. Baker, Lot No. H21642

Morton International Inc.,
no Lot No.

J.T. Baker, Lot No. 439348

Fisher Scientific, Lot No.
963778

Fisher Scientific, Lot No.
963814

Ash Stevens Inc., no Lot No.

The title compound, recovered from a broken container, was passed through a coarse
screen. The screened material (427.4 g) was dissolved in boiling ethanol (1.69 L). The solution
was filtered (gravity) and the stirred filtrate was cooled to room temperature and diluted carefully
with ether (1.7 L). Additional ether (850 mL, 1.7 L) was added after 20 min and again after 40
min. The mixture was stirred at 10-15°C for 3 h. The beige solid was collected by filtration,
washed with ether (4 x 300 ml) and air-dried for 65 h. The solid was dried further at 75-
77°C/0.5 mmHg for 6 h to give pure title compound, 393 g (92% recovery), mp 146-148°C,; lit.,

mp 148-150°C (27), mp 146-149°C (49).
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Thin-Layer Chromatography EM Science Kieselgel F,q

Eluent Rf Comment
Ethanol-ammonium hydroxide 0.35 Major
(19:1) 0.13 Trace impurity
Methylene chloride-methanol- 0.67 Major -
ammonium hydroxide (30:20:1) 0.20 Trace impurity
Materials
Recovered WR 238605 Smith-Kline/Beecham, Lot No.
EB/01/95 WRBN 69548
Ethanol, anhydrous Chempure, Lot No. M256KPPR
Ethyl ether, anhydrous Fisher Scientific, Lot No.
967324-15.
4.7 -3-(3-Fluoro-4-morpholinylphenyl)-2-ox0-5-oxazolidinyljmethvlamine

hydrochloride (WR 281024) »

A solution of (R)-[N-3-(3-fluoro-4-morpholinylphenyl)-2-ox0-5-oxazolidinyl)methy]l
azide (1.0 g, 3.1 mmol) in ethyl acetate (15 mL) was hydrogenated (30 psi) for 2 h over 10%
palladium-on-carbon (100 mg). The reaction mixture was filtered through a celite pad and the
filtrate was concentrated under reduced pressure (aspirator) to a thick gum. The gum was
dissolved in methanol (10 mL), the solution was treated with 10 N HCI-EtOH (0.31 mL), and
concentrated to give a white residual solid. The white solid was dissolved in hot aqueous 95%
methanol (20 mL) and the solution was filtered. The stirred filtrate was cooled in an ice bath for
1 h and the solid was collected by filtration. This solid was dissolved in hot methanol (30 mL)
which contain five drops of water and the solution was filtered. The clear filtrate was allowed to
cool to room temperature and then stored in a refrigerator until crystals started to form. The
mixture was then stirred at room temperature for 30 min followed by the addition of ethanol (30
mL). The mixture was stirred at room temperature for an additional 30 min and stored in a
refrigerator overnight. The solid was collected by suction filtration and dried at 60°C/0.2 mmHg
for 3 h to yield 0.52 g (50%) of pure product as white crystals, mp 278-280°C (dec), [oc]ZSD -
56.1° (c, 1.03, DMF). 'H NMR (DMSO-ds) & 8.50 (s, 3 H, D,O exchangeable), 7.48 (dd,
J=14.8,2.2 Hz, 1 H) 7.18 (dd, J=8.9, 2.0, Hz, 1 H), 7.08 (t, J=9.1 Hz, 1 H), 4.97 (m, 1 H), 4.16 (4,
J=9.3 Hz, 1 H), 3.89 (dd, J=9.1, 6.6 Hz, 1 H), 3.74 (br t, J=4.6, Hz, 4 H), 3.23-3.17 (m, 2 H),
2.97 (brt, J=4.6 Hz, 4 H).

Anal. Calcd for C4H;3sFN;05-HC1 (331.78): C, 50.68; H, 5.77; C], 10.68; F, 5.73; N,
12.67. Found: C, 50.49; H, 5.73; Cl, 10.56; F, 5.64; N, 12.68.
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Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment

Tetrahydrofuran-5% NH4OH 0.28 Homogeneous
(20:1)

Acetonitrile-methanol-formic acid ‘ 0.20 Homogeneous
(20:2:1)

Materials

(R )-[N-3-(3-Fluoro-4-morpholinylphenyl)- Ash Stevens Inc., Lot No. CT-7-179

2-0x0-5-oxazolidinyl)methyl azide

10% Palladium-on-carbon Aldrich, Lot No. TT02517LT

Ethyl acetate Aldrich, Lot No. MT02714MT

Methanol CMS Chempure, Lot No. M182KTCV(-08)

Ethanol CMS Chempure, Lot No. M256KPPR(-08)

4.8

propenamide (WR 281039)

The synthesis route to the title compound is shown in Chart No. 25.

3-Fluoro-4-[N-1-(4-methyl)piperazinylnitrobenzene (1): A 250 mL 3-necked flask
equipped with a magnetic stirring bar, a thermometer, an additional funnel, and septa was
charged with 1-methylpiperazine (14.5 g, 0.145 mol), diisopropylethylamine (18.7 g, 0.145 mol),
and ethyl acetate (70 mL). To the clear solution was added 3,4-difluoronitrobenzene (21 g,
0.132 mol) dropwise at room temperature over 2 h. The temperature of the mixture varied from
23° to 36°C. After the addition was completed, the clear reddish brown solution was stirred at
room temperature for 20 h. To the clear reaction mixture was added water (100 mL) and the
layers were separated. The aqueous layer was extracted with ethyl acetate (100 mL) and toluene
(100 mL). The combined organic extract was washed with brine (2 x 100 mL), dried (MgSOs),
and evaporated (aspirator and then oil pump) to give 30.9 g of crude product as dark tan solid.
The solid (30 g) was dissolved in hot acetone (100 mL), the solution was treated with charcoal (6
g), and filtered through a celite pad. The filtrate was warmed until clear and diluted with warm
water (100 mL) with stirring. After cooling to room temperature, the solution was seeded with
authentic sample prepared in a probe reaction. When crystals started to form, the mixture was
stirred in an ice bath for 1.5 h. The solid was collected by suction filtration and dried at room
temperature/0.5 mmHg overnight to give 24.2 g (77%) of pure compound 1 as bright yellow
crystals, mp 69-71°C. 'H NMR (CDCl3) & 7.96 (ddd, J=8.8, 2.6, 0.9 Hz, 1 H), 7.88 (dd, J=13.2,
2.6 Hz, 1 H), 6.91 (t, J=8.89 Hz, 1 H), 3.33 (br t, J=4.9 Hz, 4 H), 2.59 (br t, J=4.9 Hz, 4 H), 2.36

(S, 3 H).

Anal. Calcd for Ci;H14FN30; (239.25): C,55.22; H, 5.90; F, 7.94; N, 17.56. Found:
C, 55.04; H, 5.82; F, 8.10; N, 17.37.
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Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Acetone-5% NH,OH 0.42 Homogeneous
(40:1)
Materials
1-Methylpiperazine Aldrich, Lot No. HQ07821KN
3,4-Difluoronitrobenzene Aldrich, Lot No. HQ10629EQ
Diisopropylethylamine Aldrich, Lot No. HK2318DK
Ethyl acetate Aldrich, Lot No. MT02714MT
Fisher Scientific, Lot No. 952084
Toluene J.T. Baker, Lot No. J30661
Magnesium sulfate Tomita Pharmaceutical, Lot No. F41014
Acetone . EM Science, Lot No. 34228434
Charcoal Fluka, Lot No. 301730-1-891
Celite Celite Corporation, Lot No. 307

3-Fluoro-4-[N-1-(4-methyl)piperazinyl]aniline (2): A solution of compound 1 (13 g,
54.3 mmol) and ammonium formate (13.7 g, 217.2 mmol) in a mixture of methanol and
tetrahydrofuran (4:1, 170 mL) was placed under reduced pressure, then blanketed with nitrogen.
The solution was chilled in an ice-bath and 10% palladium-on-active carbon (0.35 g) was added.
The reaction flask was evacuated again, refilled with nitrogen, and the mixture was stirred at
room temperature for 1 h. Additional ammonium formate (6.9 g) and 10% palladium-on-active
carbon (0.18 g) were added to the mixture, and the stirring was continued for another 2.5 h. The
reaction mixture was filtered through a celite pad and the celite pad was washed with a mixture
of tetrahydrofuran (15 mL) and ethyl acetate (30 mL). The combined filtrate was concentrated
(aspirator) to near dryness and the residue was partitioned between ethyl acetate (150 mL) and
water (150 mL). The layers were separated and the aqueous layer (pH ca. 8) was treated with
sodium carbonate (23 g), and extracted with ethyl acetate (150 mL) containing n-butanol (10
mL). The aqueous layer (pH ca. 9) was treated with 4 N NaOH (10 mL) and extracted with ethyl
acetate (150 mL) containing n-butanol (10 mL). The combined organic extract was washed with
brine (150 mL), dried (MgSO;), and concentrated (aspirator and then oil pump) to give 11.3 g
(quantitative) of compound 3 as a light brown solid.

This material was used as such, without further purification, in the next step.
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Materials

Compound 1 Ash Stevens Inc., Lot No. CT-7-191
Ammonium formate Aldrich, Lot No. EQ10012TN
Methanol Mallinckrodt, Lot No. 3016KPEP
Tetrahydrofuran Aldrich, Lot No. BQ03135AQ

10% Palladium-on-carbon Aldrich, Lot No. TT02517LT
Celite Celite Corporation, Lot No. 307
Ethyl acetate Fisher Scientific, Lot No. 952084
Sodium carbonate J.T. Baker, Lot No. J36151

Sodium hydroxide : Chempure, Lot No. M278KJGH
n-Butanol Aldrich, Lot No. HR01206EF

2-Cyano-N-

solution of compound 2 (11 g, 54.3 mmol) and cyanoacetic acid (4.6 g, 54.3 mmol) in
acetonitrile (170 mL) was added diisopropylcarbodiimide (6.85 g, 54.3 mmol), dropwise over 6
min at room temperature. The mixture was stirred at room temperature overnight and
concentrated (aspirator) to give 22.7 g of a yellow solid. A portion of the solid (21 g) was
dissolved in ethyl acetate (400 mL) and the solution was extracted with 1 M NaH,PO; solution
(1 x200mL, 1 x 100 mL). The combined aqueous extract was washed with ethyl acetate (150
mL), basified with sodium carbonate (20 g, 188 mmol), and the solid precipitate was collected by
suction filtration. The wet solid was slurried with water (300 mL), collected by filtration and
washed with water (300 mL). The wet solid was dissolved in hot ethyl acetate (300 mL), the
solution was dried (MgSOy), and quickly filtered. The filtrate was concentrated (aspirator) to
give 9.9 g of crude product as a beige solid. The solid was dissolved in hot tetrahydrofuran (150
mL) and the solution was filtered. The filtrate was stirred at room temperature for 30 min and
petroleum ether (500 mL) was added. The stirring was continued for another 30 min and more
petroleum ether (50 mL) was added. After stirring for an additional 30 min, the product was
collected by filtration. The above crystallization was repeated one more time, and before
filtration, the mixture was stored in a refrigerator overnight. The solid was collected by suction
filtration and dried at room temperature/0.25 mmHg for 1.5 h to give 9.0 g (65%) of pure product
as light tan shiny crystals, mp 196-198°C. 'H NMR (DMSO-ds) 5 10.27 (s, 1 H), 7.44 (dd, J=15,
2.5 Hz, 1 H), 7.17 (dd, J=8.3, 2.2 Hz, 1 H), 6.99 (t, J=9.2 Hz, 1 H), 3.85 (s, 2 H), 2.96 (br t, J=4.7
Hz, 1 H), 2.46 (br t, J=4.7 Hz, 4 H), 2.22 (s, 3 H).

Anal Calcd for C4H7FN,4O (276.33): C, 60.85; H, 6.20; F, 6.88; N, 20.28. Found:
C, 60.69; H, 6.20; F, 6.72; N, 20.18.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Tetrahydroufuran-5% NH;OH 0.47 Homogeneous
(20:1)
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Materials

Compound 2 Ash Stevens Inc., Lot No. CT-7-204
Cyanoacetic acid Aldrich, Lot No. AQ02309JL
Diisopropylcarbodiimide Aldrich, Lot No. CQ09724AQ
Acetonitrile Aldrich, Lot No. 05516KY

Ethyl acetate Fisher Scientific, Lot No. 952084
Sodium phosphate, mono basic Aldrich, Lot No. TF0972/LF .

Sodium carbonate J.T. Baker, Lot No. j36151

Magnesium sulfate Tomita Pharmaceutical, Lot No. F41014
Tetrahydrofuran Mallinckrodt, Lot No. 8498KMTM
Petroleum ether (bp 38.1-54.9°C) Fisher Scientific, Lot No. 963355

phenyljpropenamide (4) (WR 281039): - A 1 L 2-necked flask equipped with a magnetic stirring
bar and rubber septa was charged with compound 3 (5.4 g, 19.5 mmol). After flushing with
nitrogen, dry THF (300 mL) was introduced through a cannula. To the cooled (-78°C) clear
solution was added butyllithium solution (1.6 M in hexanes, 26.9 mL, 42.9 mmol) over 12 min.
The clear solution was stirred at —78°C for 30 min, then a solution of cyclopropanecarbonyl
chloride (2.4 5 g, 23.4 mmol) in THF (15 mL) was added over a 12 min period. The mixture was
stirred at —78°C for 30 min then at —10°C for 30 min. The reaction was quenched by the addition
of methanol (60 mL). The mixture was evaporated under reduced pressure (aspirator and then
oil pump) to give a foamy solid. This solid was dissolved in deionized water (30 mL) and passed
through a column of ion-exchange resin (Amberlite IR-120 plus, 1.9 meq/mL, 130 mL, 49 cm x
2 cm). A massive light beige solid precipitated on the top of the column. The column was
eluted with deionized water. The first fraction (50 mL) was stored in a refrigerator for 3 h to
give light beige shining crystals (0.25 g). The filtrate (pH 2) was combined with the second
fraction (75 mL), and the solution was concentrated (aspirator) to about 20 mL. The precipitate
was collected by filtration to give 0.44 g of product as beige solid. The filtrate was evaporated to
dryness, and the residue was dissolved in hot EtOH (4 mL) and diluted with isopropanol (4 mL).
The mixture was allowed to stand at room temperature for 2 h, then refrigerated overnight to

give impure product (0.83 g) which needed further purification before final recrystallization.
Elution of the resin column with deionized water was continued until the eluate was neutral. The
product was eluted from the column with a solution of 5% ammonia in methanol. Fractions
containing pure product were combined and evaporated (aspirator) to give 1.39 g of purified
product as light yellow solid. Further elution of the column with the same solvent (200 mL)
gave 1.43 g of product contaminated with impurities. The combined impure product (0.83 g +
1.43 g) was stirred with 1 N HCI (4 mL) in an ice-bath for 1.5 h. The mixture was filtered to
give purified product (1.06 g) as light yellow solid. The purified product (0.25 g + 0.44 g + 1.39
g + 1.06 g) was combined with similar quality product (0.11 g) obtained from a probe reaction
and dissolved in hot dimethylformamide (65 mL). The solution was filtered and the filtrate was
warmed until clear. The clear solution was stirred at room temperature for 1 h and diluted with
ethanol (65 mL). The mixture was stirred at room temperature for another hour and in an ice-
bath for 3.5 h. The solid was collected by suction filtration, washed with isopropanol (10 mL)
and dried at 60°C/0.25 mmHg overnight to give 1.98 g (28%) of pure product as light creamy
crystals, mp 250-251°C (dec). 'H NMR (DMSO-dg) § 12.18 (s, 1 H, D,0 exchangeable), 9.49
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(br's, 1 H, D;0 exchangeable), 7.67 (dd, J=15.3, 2.1 Hz, 1 H), 7.01-6.93 (m, 2 H), 3.70-2.70 (m,
2 H), 2.87 (s, 3 H), 2.14 (m, 1 H), 0.73-0.69 (m, 1 H), 0.64-0.59 (m, 1 H).

Anal. Caled for C;3H,1FN4O, (344.40): C, 62.78; H, 6.15; F, 5.52; N, 16.27. Found:
C, 62.87; H, 6.27; F, 547; N, 16.10.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Tetrahydrofuran-5% NH4OH ' 0.13 Major product
(20:1) 0.45 Minor impurity
Materials
Butyllithium Aldrich, Lot No. 18905TQ
Cyclopropanecarbony! chloride Aldrich, Lot No. CQ12723LQ
Methanol CMS Chempure, Lot No. M182KTCV(-08)
Tetrahydrofuran Aldrich, Lot No. BQ03135AQ
Amberlite IR-120 (plus) Aldrich, Lot No. LQ03228KQ
Isopropanol Chempure, Lot No. M158KPHA(-11
Dimethylformamide Aldrich, Lot No. 05143HY
Ethanol CMS Chempure, Lot No. M256KPPR(-08)

49 1.3.4.6-Tetrachloro-7.8-diphenyl-2.5-diiminoglycoluril (WR 280892)

7.8-Diphenyl-2.5-diiminoglycoluril: - A mixture of benzil (1.2 kg, 5.71 mol) and
guanidine carbonate (1.178 kg, 6.54 mol) in ethanol (5.6 mL) was heated over a 2 h period to 65-
68°C and maintained at this temperature for 1 h. The mixture was then refluxed for 5 h and
allowed to cool to room temperature overnight. Next day, the mixture was cooled in an ice bath
for 1 h and filtered. The solid was washed with cold ethanol (2 x 500 mL) and hexanes (1 L) and
air-dried for 20 h to give 1.82 Kg of crude product contaminated with the hydantoin sideproduct.

Concentrated hydrochloric acid (1025 mL) was added slowly (caution, foaming) to a
suspension of the crude product (1.82 kg) in water (15 L) to pH 1.5, while maintaining the
temperature at ca. 30°C. Aqueous 25% sodium hydroxide (520 mL) was added to the resulting
clear solution over a 75 min period to adjust the pH to 7.8. After the addition was completed, the
mixture was stirred for 20 min and the precipitated hydantoin sideproduct was removed by
filtration (polypropylene pad, slow filtration). The cloudy filtrate was refiltered through a pad of
celite, then adjusted to pH 11.6 by the addition of aq. 25% sodium hydroxide (470 mL). The
mixture was stirred for 20 min and the solid was collected by filtration. The damp solid was
slurried with water (5 L) for 15 min, collected by filtration and air-dried for 2 h. The solid was
dried further at 70-75°C/0.3 mmHg for 4 h to give purified product, 868.7 g (52%), mp 240-

- 241°C (eff).

Additional purified product, 280 g (34%) was obtained from a probe reaction.
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The combined purified product (1148 g) was dissolved in hot ethanol (7.3 L) and the
solution was filtered. The stirred filtrate was diluted with water (7.3 L) and allowed to cool to
ca. 35°C over a 2 h period. The solid was collected by filtration, air-dried for 1 h, then dried
further at 50-55°C/1.7 mmHg for 18 h and at 80-82°C/1 mmHg for 6 h to give 848 g (74%
recovery) of pure product, mp 244-245°C (dec); lit., mp 235-236°C (50).

Anal. Calcd for C;¢Hi¢NgH,0 (310.357): C, 61.92; H, 5.85; N, 27.08; O, 5.16.
Found: C, 61.96; H, 5.79; N, 27.00; O, 5.25.

Thin-Layer Chromatography Analtech Silica Gel Gf
Eluent Rf Comment

Methylene chloride-methanol-acetic acid-water 0.55 Homogeneous
(75:20:2.5:2.5) ‘

Materials

Benzil Aldrich, Lot No. KQ09627BQ
Guanidine carbonate Fluka, Lot No. 349335/1 895
Reagent alcohol, 190 proof Aaper, Lot No. 96H27UBRFG
Hexanes Fisher Scientific, Lot No.. 963814
Water, deionized Ash Stevens Inc., no Lot No.
Concentrated hydrochloric acid Mallinckrodt, Lot No. H613KTSR
Sodium hydroxide, 50% w/w Fisher Scientific, Lot No. 945299-24

1.3.4.6-Tetrachloro-7,8-diphenyl-2.5-diiminoglycoluril: - A 5% solution of sodium
dioctyl sulfosuccinate (Aerosol OT, 25 mL) was added to a solution of 7,8-diphenyl-2,5-

diiminoglycoluril (495.6 g, 1.6 mol) in a mixture of concentrate hydrochloric acid (365 mL) and
water (12 L). Chlorine gas (641 g) was passed into the solution over a 2.5 h period (slight
exotherm to 30°C). The mixture was stirred for 30 min, then the solid was collected by filtration
and washed with water (2 x 2.5 L). The damp solid was combined with similar product obtained
from a probe chlorination (250.5 g, of glycoluril) and slurried with water (10 L) for 10 min. The
solid was collected and reslurried with water (10 L) for 10 min. The solid was collected by
filtration, washed with water (2 x 1 L) and air-dried for 18 h. The solid was dried further at 40-
45°C/0.5 mmHg for 48 h, then the lumpy solid was powdered and dried at 50-55°C/0.5 mmHg
for 8 h, at room temperature/0.5 mmHg for 18 h and at 55-60°C/0.25 mmHg for 4 h to give 1030
g (99.6%) of pure product, mp 203-204°C (dec); lit., mp 194-195°C (51).

Anal. Calcd for C;6H;12CLiNg (430.123): C, 44.68; H, 2.81; Cl, 32.97; N, 19.54.
Found: C, 45.06; H, 2.71; Cl, 32.68; N, 19.31.
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Thin-layer Chromatography Analtech Silica Gel Gf

Eluent Rf *Comment

Ethyl acetate-hexanes-acetic acid 0.45 Streaking
(22.5:67.5:10)

*When spotted lightly, a single spot was observed.

Materials

7,8-diphenyl-2,5-diiminoglycoluril Ash Stevens Inc., Lot No. DJD-15-107

Hydrochloric acid Mallinckrodt, Lot No. H613KTSR

Sodium dioctyl sulfosuccinate Aldrich, Lot No. KQ08029JQ
(Aerosol OT)

Chlorine, gas Matheson, Lot No. T71-0018

Water, deionized Ash Stevens Inc., no Lot No.

4.10 (S)-N-[[3-[3-Fluoro-4-[N-1-( 4-methy])piperazinyllphenyl]-2-0x0-5 -oxazolidinvl]-
methyl]acetamide (WR 281130)

The synthesis route to the title compound is shown in Chart No. 26.

3_-Fluoro-4-[N-1-(4-methyl)piperazinyl]nitrobenzene (1): - A1 L 3-necked flask
equipped with a magnetic stirring bar, a thermometer, a dropping funnel, and septa was charged
with 1-methylpiperazine (54.8 g, 0.547 mol), diisopropylethylamine (70.7 g, 0.547 mol), and
ethyl acetate (260 mL). To the solution was added 3,4-difluoronitrobenzene (79 g, 0.497 mol)
dropwise at room temperature over a 2.5 h period. The reaction temperature ranged from 18° to
32°C. The reddish brown solution was stirred at room temperature overnight, then water (370
mL) was added. The layers were separated and the aqueous layer was extracted with ethyl
acetate (370 mL) and toluene (370 mL). The combined organic extract was washed with brine (2
x 370 mL), dried (MgSOs), treated with charcoal (6 g), and filtered through a celite pad. The
clear yellow filtrate was concentrated (aspirator and then oil pump) to give 119.6 g of compound
1 as a yellow solid. The solid was dissolved in hot acetone (400 mL) and the solution was
filtered. The clear filtrate was diluted with hot water (400 mL) with stirring. After cooling to
room temperature, the mixture was seeded with crystals of previously prepared product. The
mixture was stirred in an ice-bath for 3.5 h and filtered. The solid was dried at room :
temperature/0.25 mmHg overnight to give 80 g of pure compound 1 as yellow crystals, mp 69-
71°C. Concentration of the filtrate gave a second crop (33.8 g), mp 69-71°C. This product was
identical to the previously prepared material (see Section 4.8).
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Materials

1-Methylpiperazine Aldrich, Lot No. HQ07821KN
3,4-Difluoronitrobenzene Aldrich, Lot No. HQ10629EQ
Diisopropylethylamine Aldrich, Lot No. HK231DK

Ethyl acetate Fisher Scientific, Lot No. 952084
Toluene J.T. Baker, Lot No. J30661
Charcoal Fluka, Lot No. 301730-1-891 _
Acetone Mallinckrodt, Lot No. 2440KTML

3-Fluoro-4-[N-1-(4-methyl)piperazinyl]aniline (2): - A solution of compound 1 (34 g,
0.142 mol) in tetrahydrofuran (120 mL) was hydrogenated (30 psi) in the presence of 10%
palladium-on-carbon (3.4 g) for 30 min. The reaction mixture was filtered through a celite pad
and the filtrate was concentrated at reduced pressure (aspirator and then oil pump) to give 29.9 g
(quantitative) of compound 2 as creamy solid, mp 90-92°C.

This process was repeated two more times on the same scale and the product was
used as such, without further purification, directly in the next step.

Materials -
Compound 1 Ash Stevens Inc., Lot No. CT-8-228
Tetrahydrofuran Aldrich, Lot No. 0060MQ

10% Palladium-on-carbon Aldrich, Lot Nos. TT02517LT and

EY03715CX

. N-Carbobenzox -1-(4-methyl)piperazinyl]aniline (3): - A 1 L 2-necked
flask equipped with a magnetic stirring bar, an addition funnel, and a septum was charged with
benzyl chloroformate (18.8 g, 0.11 mol) and dimethylformamide (180 mL). The solution was
cooled to —10°C and a solution of compound 2 (21 g, 0.10 mol) in dimethylformamide (130 mL)
was added dropwise over 40 min. After the addition was completed, the mixture was stirred at
—10°C for 40 min, then more benzyl chloroformate (9.4 g) was added. The stirring was
continued for an additional 40 min at ~10°C. The mixture was filtered and the solid was washed
with a mixture of ether (100 mL) and petroleum ether (100 mL) to give a wet solid (31.8 g)
which was saved (see below). The filtrate was treated with 10% aq. sodium carbonate (100 mL)
and extracted with ethyl acetate (1 x 200 mL, 2 x 100 mL). The combined ethyl acetate extract
was washed with brine (3 x 200 ml), dried (MgSO,), and filtered. The solvent was removed at
reduced pressure (aspirator) and the residue was passed through a short silica gel column (100 g)
eluting with 1% triethylamine in tetrahydrofuran to give a yellow solid (14 g). The wet solid
from above (31.8 g) was taken up in a mixture of ethyl acetate (200 mL) and 10% aq. sodium
carbonate (100 mL). The layers were separated and the water layer was extracted with ethyl
acetate (2 x 100 mL). The combined ethyl acetate extracted was washed with brine (3 x 200
mL), dried (MgSO,), and concentrated (aspirator) to give a tan solid. This solid was combined
with the 14 g sample and chromatographed over silica gel (200 g) eluting with 1% triethylamine
in tetrahydrofuran. Product-containing fractions were combined and concentrated to give 17.6 g
of the product. This 17.6 g sample was combined with similar product obtained from previous
preparations (23.7 g), and dissolved in hot toluene (400 mL). The solution was filtered and the
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clear filtrate was allowed to stand at room temperature for 30 min, cooled in an ice-bath for 30
min, then cooled with stirring in an ice-bath for 30 min. To this stirred solution was added
petroleum ether (4 x 100 mL) at 30 min intervals. The resulting mixture was stirred with cooling
for an additional 2 h, then filtered to give 38 g of product as white crystals. The NMR spectrum
of this material showed the presence of an unidentified impurity. A portion of the compound (30
g) was dissolved in warm acetone (150 mL) and the clear stirred solution was diluted slowly with
warm water (150 mL). The mixture was stirred in an ice-bath for 30 min and stored in a
refrigerator overnight. The solid was collected by filtration and dried at 60°C/02 mmHg
overnight to give 27 g of product. Based on NMR, this product still contained a minor impurity.
It was used as such in the next step without further purification. 'H NMR (CDCDs) § 7.42-7.22
(m, 6 H), 6.95 (dd, J=8.7, 2.4 Hz, 1 H), 6.86 (t, J=8.7 Hz, 1 H), 6.75 (br s, 1 H, D;0
exchangeable), 5.18 (s, 2 H), 3.07 (br t, ]=4.8 Hz, 1 H), 2.62 (brt, J=4.8 Hz, 1 H), 2.36 (s, 3 H).

Thin-Laver Chromatography Analtech Silica Gel GF

Eluent Rf . Comment
Acetonitrile-methanol-formic acid 0.29 Slight streaking
(20:2:1)
Materials
Compound 2 Ash Stevens Inc., Lot Nos. CT-7-262 and
CT-7-259
Benzyl chloroformate Aldrich, Lot No. LQ06606KQ
Dimethylformamide Aldrich, Lot No. CR17191BR
Ether CMS Chempure, Lot No. m102KPNK
Petroleum ether Fisher Scientific, Lot No. 963355
Sodium carbonate J.T. Baker, Lot No. J36151
Ethyl acetate Fisher Scientific, Lot No. 952084
Magnesium sulfate » Tomita Pharmaceutical, Lot No.
Silica Gel EM Science, Lot No. TA770634-516
Triethylamine Aldrich, Lot No. DX01021BX
Tetrahydrofuran Fisher Scientific, Lot No. 970069
Toluene J.T. Baker, Lot No. J30661
Acetone Mallinckrodt, Lot No. 2440KTML

-1-(4-methyl)piperazinyl]phen 1-2-0x0-5-oxazolidinyl]-
methanol (5): - A 1 L 2-necked flask equipped with a magnetic stirring bar, a stopcock, and a
rubber septum was charged with compound 3 (25 g, 72.8 mmol). After flushing the flask with
nitrogen, dry tetrahydrofuran (280 mL) was introduced through a cannula. The solution was
cooled to —78°C and butyllithium (45.5 mL, 1.6 M in hexane, 72.8 mmol) was added over 20
min. The mixture was stirred at —78°C for 30 min, then a solution of (R)(-)-glycidyl butyrate
(10.7 g, 74.2 mmol) in tetrahydrofuran (20 mL) was added over 10 min. The mixture was stirred
at —78°C for 1 h and at room temperature for 20 h. The mixture was concentrated (aspirator) to a
volume of about 200 mL, diluted with brine (200 mL) and extracted with ethyl acetate (3 x 200
mL). The combined organic extract was washed with brine (3 x 200 mL), dried (MgSOa), and
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concentrated (aspirator) to near dryness. - The residue was triturated with hexane (50 mL) and the
solid was collected by filtration to give 16 g (71%) product, a cream colored solid. A 500 mg
sample was purified by column chromatography (SiO,, 30 g) eluting with ammonia saturated
methanol-tetrahydrofuran (1:19). The purified product was recrystallized from tetrahydrofuran
(3 mL) to give 340 mg of pure 5 as white crystals, mp 152-154°C, [a]*’p -51.8° (c, 1.08,
CHCls). "H NMR (CDCls) § 7.44 (dd, J=14.7, 2.6 Hz, 1 H), 7.08(ddd, J=14.7, 2.6, 1 Hz, 1 H),
6.91 (t, J=9.2 Hz, 1 H), 4.71 (m, 1 H), 3.96 (m, 3 H), 3.73 (dd, J=12.5, 3.7 Hz, 1 H), 3.40 (brs, 1
H, D,0 exchangeable), 3.08 (br t, J=4.8 Hz, 1 H), 2.61 (brt, J=4.6 Hz, 1 H), 2.36 (s, 3 H).

Anal. Calcd for C;sH20FN30; (309.35): C, 58.24; H, 6.52; F, 6.14; N, 13.58. Found:
C, 58.16; H, 6.47; F, 5.93; N, 13.64.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Tetrahydrofuran-5% NH,OH 0.39 ‘ Homogeneous
(10:1)
Materials -
Compound 3 ' Ash Stevens Inc., Lot No. CT-7-280
(R)(-)-Glycidylbutyrate Aldrich, Lot No. PQ01930MQ
Butyllithium Aldrich, Lot No. 18905TQ
Tetrahydrofuran Aldrich, Lot No. 00660MQ
Ethyl acetate Fisher Scientific, Lot No. 952084
Magnesium sulfate ' Tomita Pharmaceutical, Lot No. F41014
Hexanes J.T. Baker, Lot No. J51694
Silica gel EM Science, Lot No. TA770634-516

-1-(4-methyl)piperazinyl]phenyl-2-0x0-5-oxazolidinyl]-
methyl methanesulfonate (6): - A 500 mL 2-necked flask equipped with a magnetic stirring bar, a
rubber septum, and a vacuum stopcock was charged with compound 5 (15.2 g, 49.1 mmol).

After flushing the flask with nitrogen, dry DMF (150 mL) was added through a cannula. The
clear solution was cooled in a cooling bath (-15°C) and a solution of methanesulfonyl chloride
(6.2 g, 54 mmol) in dry DMF (18 mL) was added dropwise over nine minutes. The mixture was
stirred at —15° to —10°C for 1 h. Aqueous 10% sodium carbonate (150 mL) was added and the
mixture was extracted with ethyl acetate (3 x 150 mL). The combined ethyl acetate extract was
washed with brine (2 x 150 mL), dried (MgSOy4) and concentrated (aspirator and oil pump) to a
off-white solid (14.7 g). A one-gram sample of this material was purified by column
chromatography (SiO;, 50 g) eluting with a mixture of methylene chloride and methanolic
ammonia (95:5), then recrystallized to give pure 6 as white crystals (0.54 g), mp 160-162°C.
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Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Tetrahydrofuran-methanol-triethylamine 0.27 Homogeneous
(50:2.5:1)

The remaining product (13.5 g) was combined with similar material obtained from a
probe reaction and used directly in the next step.

Materials

Compound 5 Ash Stevens Inc., Lot Nos. CT-7-279 and
CT-7-282

Dimethylformamide Aldrich, Lot No. CR17191Br

Methanesulfonyl chloride Aldrich, Lot No. KQ08929JQ

Sodium carbonate J.T. Baker, Lot No. J36151

Ethyl acetate Fisher Scientific, Lot No. 952084

-[N-3-[3-Fluoro-4- i i -2-0x0-5-0xazolidinyl]-
methvl azide (7): - To a warm (80°C) solution of sodium azide (18.2 g, 0.28 mol) in N-
methylformamide (250 mL) was added compound 6 (18.2 g, 0.047 mol) and the mixture was
heated at 80°C for 16 h. After cooling, brine (250 mL) was added and the mixture was extracted
with ethyl acetate (3 x 250 mL). The combined ethyl acetate extract was washed with brine (2 x
250 mL), dried (MgSQ4), and concentrated (aspirator) to near dryness. The residue was stirred
with hexane (100 mL) and the mixture was filtered to give 14.6 g of product, mp 93-98°C. A
small sample was recrystallized from tetrahydrofuran-petroleum ether to give pure azide, mp
103-105°C. The remaining material was used as such in the next step.

<

Materials

Compound 6 " Ash Stevens Inc., lot Nos. CT-7-283 and
CT-7-284

N-Methylformamide Fluka, Lot No. 52205-1-195

Sodium azide Fluka, Lot No. 286415-1288

Ethyl acetate Fisher Scientific, Lot No. 952084

(S)-N-[[3-[3-Fluoro-4-[N-1-(4-methyl)piperazinyl Jphenyl]-2-oxo-5-oxazolidinyl]-
methvllacetamide (9) (WR 281130): - A solution of compound 7 (5.5 g, 16.4 mmol) in methanol
(100 mL) was hydrogenated (30 psi) for 1 h over 10% palladium-on-carbon catalyst (550 mg).
The reaction mixture was filtered through a celite pad and the filtrate was concentrated under
reduced pressure (aspirator) to near dryness. The residue was dissolved in toluene (20 mL) and
concentrated (aspirator). This process was repeated two more times to remove all of the
methanol and the residue was dried under vacuum (oil pump) to give 4.8 g of crude compound 8
as a tan solid. This solid was dissolved in dimethylformamide (50 mL) and added dropwise to a
solution of acetic anhydride (1.85 g, 18.1 mmol) in dimethylformamide (10 mL) over 4 min at
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—20°C under nitrogen. The mixture was allowed to warm to —5°C, then stored in the refrigerator
overnight. Next day the mixture was basified with aq. 10% sodium carbonate (60 mL) and
extracted with ethyl acetate (3 x 60 mL). The combined ethyl acetate extract was washed with
brine (2 x 60 mL), dried (MgSO,), and concentrated (aspirator) to a volume of about 50 mL.

The precipitated solid was collected by filtration to give, 1.8 g of crude product. The filtrate was
concentrated (aspirator) to near dryness and the residue was dissolved in tetrahydrofuran (10
mL). The solution was diluted with ether (10 mL) and seeded with authentic product obtained
from a probe reaction. The mixture was refrigerated for 1 h, then stirred in an ice bath for 30
min and filtered to give 0.68 g of crude product. The filtrate was concentrated (aspirator) to give
3.0 g of a yellow oil which was chromatographed (silica gel, 100 g) eluting with ammonia-
saturated methanol-tetrahydroufuran (1:19). Product containing fractions were combined and
concentrated (aspirator)to give a light beige solid (1.5 g). The combined crude product (1.80 g +
0.68 g + 1.5 g) was dissolved in hot tetrahydrofuran (40 mL) and the solution was filtered. The
filtrate was reheated until clear and seeded with authentic product. The mixture was stirred at
room temperature for 30 min and in an ice-bath for 1 h, then ether (4 x 10 mL) was added at 20
min intervals. Twenty minutes after the final addition of ether, the mixture was filtered. The
solid was dried at room temperature/0.25 mmHg overnight and at 60°C/0.2 mmHg for 3 h to
give 3.1 g (54% from 7) of pure product, mp 190-192°C (dec), [a]*’p ~12.0° (c, 1.10, CHCl;).
'"H NMR (CDCls) & 7.42 (dd, J=14.4, 2.6 Hz, 1 H), 7.05 (ddd, J=8.8, 2.6, 1 Hz, 1 H), 6.93 (t,
J=9.1 Hz, 1 H), 6.34 (br t, J=6.0 Hz, 1 H), 4.78 (m, 1 H), 4.01 (t, J=9.0 Hz, 1 H), 3.77-3.56 (m, 3
H), 3.09 (br t, J=4.8 Hz, 1 H), 2.61 (brt, J=4.5 Hz, 1 H), 2.36 (s, 3 H), 2.02 (s, 3 H).

Anal. Calcd for Ci7H,3FN4O5 (350.40): C, 58.27; H, 6.62; F, 5.42; N, 15.99. Found:
C,58.17; H, 6.59; F, 5.56; N, 15.88.

Thin-Layer Chromatography Analtech Silica Gel GF

Elute Rf Comment
Tetrahydrofuran-5% NH,OH , 0.33 Major product
(20:1) 0.37 Trace impurity
Materials
Compound 7 Ash Stevens Inc., Lot No. CT-7-287
Methanol ' Fluka, Lot No. 325543-1-293
10% Palladium-on-carbon Aldrich, Lot No. EY03715CX
toluene .J.T. Baker, Lot No. J30661
Dimethylformamide Aldrich, Lot No. CR17191BR
Acetic anhydride Aldrich, Lot no. JQ04920TN
Sodium carbonate J.T. Baker, Lot No. J36151
Ethyl acetate Fisher Scientific, Lot No. 952084
Magnesium sulfate Tomita Pharmaceutical, Lot No. F41014
Tetrahydrofuran Aldrich, Lot No. 00660MQ
Ethyl ether Fisher Scientific, Lot No. 967049-15

Silica gel EM Science, Lot No. TA770634-516
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4.11

methyl]cyclopropanecarboxamide (WR 281131)

A solution of the intermediate azide (compound 7 of Section 4.10) (6.5 g, 19.4 mmol)
in methanol (110 mL) was hydrogenated (30 psi) for 1 h in the presence of 10% palladium-on-
carbon (650 mg). The reaction mixture was filtered through a celite pad and the filtrate was
concentrated at reduced pressure (aspirator) to near dryness. To the residue was added toluene
(25 mL) and the mixture was concentrated (aspirator) to dryness. This procedure was repeated
two more times to remove all of the methanol. The residual solid was dried at reduced pressure
(oil pump) to give 5.7 g crude amine, a beige solid. To a solution of the amine (5.7 g) in
dimethylformamide (60 mL) was added a solution of cyclopropanecarbony! chloride (2.2 g, 21.3
mmol) in dimethylformamide (12 mL) over 6 min at —20°C under nitrogen. The mixture was
allowed to warm to —5°C, then stored in a refrigerator overnight. Next day, ethyl acetate (70
mL) and aq. 10% sodium carbonate (70 mL) were added to the reaction mixture and the white
precipitate was removed by filtration. The layers of the filtrate were separated and the aqueous
layer was extracted with ethyl acetate (2 x 70 mL). The combined organic phase was washed
with brine (2 x 70 mL), dried (MgSOQ,), filtered, and evaporated (aspirator, and then oil pump) to
give 6.4 g of crude product, a light yellow solid. The solid (6 g) was slurried in boiling ether
(250 mL) for 30 min. After cooling, the solid was recovered by suction filtration. This process
removed most of the impurities. The solid was then chromatographed over silica gel (50 g, 3.5
cm x 12 cm) and eluted with a mixture of ammonia-saturated methanol-tetrahydrofuran (1:19).
The product-containing fractions were combined and concentrated (aspirator) to dryness. The
solid residue was triturated with ether (200 mL) and the mixture was filtered. The solid was
dissolved in a hot mixture of dioxane (20 mL) and tetrahydrofuran (60 mL) and the solution was
filtered. The filtrate was reheated until clear and allowed to stand at room temperature until
crystals started to form. The mixture was stirred at room temperature for 30 min, in an ice-bath
for 30 min, then ether (4 x 20 mL) was added at 10 min intervals. Thirty minutes after the final
addition of ether, the product was collected by filtration and dried at room temperature/0.25
mmHg overnight and at 60°C/0.25 mmHg for 3 h to give 4.4 g (60% from azide) of pure product
as off-white crystals, mp 194-196°C (dec); [a]*°p —10.4° (c, 1.13, CHCl;). 'H NMR (CDCl;) &
7.41 (dd, J=14.3, 2.6 Hz, 1 H), 7.05 (ddd, J=8.9, 2.7, 0.9 Hz, 1 H), 6.93 (t, J=9.2 Hz, 1 H), 6.41
(brt, J=6.1 Hz, 1 H), 4.76 (m, 1 H), 3.99 (t, J=8.9 Hz, 1 H), 3.77 (dd, J=9.0, 6.6 Hz, 1 H), 3.70-
3.66 (m, 2 H), 3.0-9 (br t, J=4.9 Hz, 4 H), 2.60 (br t, J=4.8 Hz, 4 H), 2.36 (s, 3 H), 1.42 (m, 1 H),
1.00-0.86 (m, 2 H), 0.81-0.69 (m, 2 H).

Anal. Calcd for C1oHysFN4Os (376.44): C, 60.62; H, 6.69; £, 5.05; N, 14.88. Found:
C, 60.63; H, 6.74; F, 5.16; N, 14.89.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment

Tetrahydrofuran-methanol-5% NH4OH 0.45 Major product
(20:2:1) 0.68 Minor impurity
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Materials

(R)-[N-3-[3-Fluoro-4-[N-1-(4-methyl)-
piperazinyl]phenyl]-2-oxo-5-oxa-
zolidinyljmethyl azide

10% Palladium-on-carbon

Methanol

Celite

Toluene

Dimethylformamide

Cyclopropanecarbonyl chloride

Sodium carbonate

Magnesium sulfate

Ethyl acetate

Ethyl ether

Tetrahydrofuran

Dioxane

Ash Stevens Inc., Lot No. CT-7-287

Aldrich, Lot No. EY03715CX
Fluka, Lot No. 325543-1-293

Celite Corporation, Lot No. 307

J.T. Baker, Lot No. J30661

Aldrich, Lot No. CR17191BR
Aldrich, Lot No. CQ12723LG

J.T. Baker, Lot No. J36151

Tomita Pharmaceutical, Lot No. F41014
Fisher Scientific, Lot No. 952084
Fisher Scientific, Lot No. 967049-15
Aldrich, Lot No. 00660MQ

Aldrich, Lot No. 06075PG

4.12 3.5-Bis(4-chlorophenyl)-a-[2-(butylamino)ethyl]benzenemethanol hydrochloride

(WR 281240)

The synthesis sequence to the title compound is shown in Chart No. 27.

2.6-Bis(4-chlorophenyl)-4-methylpyrylium perchlorate (1): - Concentrated sulfuric
~acid (270 mL) was added to cold acetic anhydride over 35 min at —-11°C. After the addition was

completed, the mixture was heated to 76-78°C and maintained at this temperature for 3 h. The
solution was cooled to ca. 50°C and 4’-chloroacetophenone (279.7 g, 1.81 mol) was added in one
portion. The mixture was heated at 54-56°C for 3 h and allowed to stand at room temperature
for 16 h. The mixture was cooled to 15°C, diluted with ethanol (1.5 L) and cooled to —3° to 1°C
for 1 h. The solid was collected by filtration and slurried with ethanol (500 mL) for 10 min. The
solid was collected, washed with ether (2 x 500 mL) and air-dried for 1 h. The solid was stirred
with 10% perchloric acid (3 L) for 1 h and the mixture was filtered. The solid was washed with
ethanol (3 x 250 mL) and ether (3 x 250 mL) and dried at 50°C/0.1 mmHg for 2 h and at room
temperature for 18 h to give 213.7 g (57%) of product, mp 289-290°C (dec); lit., mp 280°C (40).

Materials
Acetic anhydride

Concentrated sulfuric acid
4’-Chloroacetophenone

Alcohol, reagent (190 proof)
Ether, anhydrous
-Perchloric acid, 70%

Water, deionized

' I.T. Baker, Lot No. B32606

Aldrich, Lot No. PQ12030MQ
Chempure, Lot No. M304KMVY
Aldrich, Lot Nos. JF09015DF

and CQ06410CN
Aaper, Lot No. 96H27UBRFG
Fisher Scientific, Lot No. 967324-15
Aldrich, Lot No. TQ07283KGQ
Ash Stevens Inc., no Lot No.




3.5-Bis(4-chlorophenyl)-4-nitrotoluene (2): - A solution of potassium tert-butoxide
(115 g, 1.02 mol) in tert-butanol (750 mL) was added dropwise over 25 min to a suspension of

pyrylium salt 1 (107 g, 0.26 mol) in a mixture of nitromethane (500 mL) and tert-butanol (1 L)
under a nitrogen atmosphere at 20°C (mild exotherm to 34°C). The mixture was heated over 45
min to reflux (76-77°C) and held at reflux for 50 min. The dark red mixture was filtered hot and
the solid was saved. The filtrate was cooled to 15-20°C for 1 h and the mixture was filtered.
The solid was washed with cold ethanol (2 x 125 mL) and air-dried for 20 h to give 70.14 g of
crude product.

The solid from the hot filtration was stirred with hot toluene (1.25 L) and the mixture
was filtered. The filtrate was concentrated to dryness and the residual solid was stirred with
ethanol (200 mL) for 30 min. The solid was collected by filtration, washed with petroleum ether
(2 x 500 mL) and air-dried for 18 h to give 6.30 g of crude product.

The combined crude product (76.44 g) was dissolved in hot toluene (350 mL) and the
solution was filtered. The filtrate was concentrated (aspirator) to a volume of ca. 250 mL,
reheated to dissolve the solid, and diluted with ethanol (500 mL). The suspension was stirred at
room temperature for 30 min and cooled in an ice bath for 30 min. The light yellow solid was
collected by filtration, washed successively with cold ethanol (2 x 125 mL) and petroleum ether
(2 x 125 mL), and dried at 50°C/0.1 mmHg for 2 h to give 70.73 g (77%) of pure product, mp
173-175°C; lit., mp 166-168°C (40).

Additional pyrylium salt (105.2 g) was processed in this manner to give 68.75 g
(76%) of product, mp 173-175°C.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Toluene-hexanes (1:9) 0.26 Homogeneous
Ethyl acetate-hexanes (1:9) 0.72 Homogeneous
Materials
Compound 1 Ash Stevens Inc., Lot No. DJD-15-122
Potassium tert-butoxide Aldrich, Lot Nos. MQ00411HQ and

KQ03029TQ
tert-Butanol Fluka, Lot No. 360357/1 1096
Nitromethane Fluka, Lot No. 333215/1 495
Alcohol, reagent (190 proof) Aaper, Lot No. 96H27UBRFG
Toluene J.T. Baker, Lot No. J30661
- Petroleum ether (bp 35-60°C) Fisher Scientific, Lot No. 963355
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4-Amino-3,5-bis(4-chlorophenyltoluene hydrochloride (3): - A mixture of
nitrotoluene 2, (68.23 g, 0.19 mol), tin metal (200.33 g), concentrated hydrochloric acid (1.17 L),
and glacial acetic acid (1.17 L) was heated to reflux (105-106°C) over 90 min and maintained at
reflux for 90 min. The reaction was monitored by TLC (Analtech, ethyl acetate-hexanes, 1:3).
The mixture was cooled to ca. 5°C for 30 min and filtered. The solid was slurried with ether (1.5
L) for 90 min, collected by filtration, and air-dried for 24 h to give 76.95 g of crude product, mp
295-297°C, dec.; lit., mp 181-183°C (40). The product was contaminated with some inorganic
salts but was used as such, directly in the next step. ‘ .

Additional compound 2 (70.23 g) was processed in this manner to give 86.03 g of
crude product 3.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Ethy! acetate-hexanes (1:9) 0.53 ‘ Major
0.72 Trace
0.00 Trace
Materials
Compound 2 Ash Stevens Inc., Lot Nos. DJD-15-124,
DJD-15-126
Hydrochloric acid Mallinckrodt, Lot No. H613KTSR
Acetic acid, glacial Chempure, Lot No. MOO2KPRS
Tin metal ' J.T. Baker, Lot No. 38338
Ether, anhydrous Fisher Scientific, Lot No. 967463-15

3.5-Bis(4-chlorophenyltoluene (4): - A solution of sodium nitrite (16.6 g, 0.24 mol)

in water (350 mL) was added over 35 min to a suspension of compound 3 (85.5 g) in a mixture
of water (2.35 L) and 48-50% fluoboric acid (475 mL) maintained at 5-7°C (ice-water). The
mixture was stirred for 10 min, warmed to 10°C and stirred for 2 h. The bright yellow
diazonium fluoborate salt was collected by filtration and washed successively with cold 5%
fluoboric acid (500 mL), cold methanol (300 mL) and ether (2 x 250 mL). The salt was
suspended in cold methanol (1.7 L) and sodium borohydride (47.2 g, 1.25 mol) was added in
small portions (ca. 1 g) over 45 min while maintaining the temperature at 0-5°C (ice-salt). The
beige suspension was allowed to warm over 90 min to room temperature and poured into a
mixture of ice (2.5 L) and 5% hydrochloric acid (3.5 L). The mixture was stirred for 30 min and
filtered. The solid was air-dried for 80 h to give 57.03 g of crude product 4.

An additional 76.95 g of crude product 3 was processed in this manner to give 48.58
g of crude product 4.

The combined crude product (105.6 g) was dissolved in hot toluene (1.1 L). The

solution was treated with charcoal (10 g) and filtered through a pad of celite. The filtrate was
cooled to room temperature and diluted with ethanol (1 L). The mixture was stirred for 1 h and
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filtered. The solid was air-dried to 20 h to give 67.03 g of purified product, mp 171-173°C.
Concentration of the mother liquors gave a less pure second crop, 15.45 g.

The second crop material was chromatographed over silica gel (325 g) and the
column was eluted with toluene-hexanes (1:4, 2.5 L; 1:2, 2.5 L). Fractions containing pure
product were combined and concentrated to dryness. The residual solid was triturated with
hexanes (100 mL) and the mixture was filtered to give 5.15 g of pure product, mp 175-177°C;
lit., mp 173-175°C (40). Concentration of the later-eluting fractions gave an additional 3.52 g of

product containing a minor, more polar impurity.

The first crop of purified product (67 g) was chromatographed in the manner as above
to give 30.2 g of pure product 4, mp 175-177°C, and 29.8 g of slightly impure material with the
same melting point. The combined yield, based on compound 2, was 57%.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent

Toluene-hexanes (1:9)

Materials
Compound 3

Sodium nitrite
Fluoboric acid, 48-50%
Water, deionized
Ether, anhydrous
Methanol

Sodium borohydride
Hydrochloric acid
Toluene

Hexanes

Silica gel

Celite, tech

Alcohol, reagent (190 proof)

Charcoal, Norit A

Rf Comment
0.68 Major
0.09 Minor, present

in second crop.

Ash Stevens Inc, Lot Nos. DJD-15-129,
And DJD-15-131

J.T. Baker, Lot No. F20745

Atotech, Lot No. 6358

Ash Stevens Inc., no Lot No.

Fisher Scientific, Lot No. 967463-15

Fisher Scientific, Lot No. 963778

Alfa, Lot No. CO7F22

Mallinckrodt, Lot No. H613KTSR

J.T. Baker, Lot No. J30661

J.T. Baker, Lot No. L.13634

EM Science, Lot No. TA572034413

Celite Corp., Lot No. C5453AP301016

Aaper, Lot No. 96H27UBRFG

Aldrich, Lot No. KF02211KF

3.5-Bis(4-chlorophenyl-o..a-dibromotoluene (5): - A mixture of pure compound 4

(10.25 g, 0.033 mol), N-bromosuccinimide (13.45 g, 0.07 mol) and benzoyl peroxide (0.52 g) in
dichloroethane (325 mL) was heated at reflux while illuminating with ultraviolet lamps (3 x 250
W) for 4 h. The solution was cooled to room temperature and washed successively with water
(150 mL), dilute sodium bicarbonate solution (250 mL) and saturated sodium chloride solution
(125 mL). The dichloroethane was dried over magnesium sulfate, treated with charcoal (2 g),
filtered through a pad of celite, and the filtrate was concentrated to dryness (35-40°C/aspirator).




The residual solid, 15.86 g, was dissolved in dichloromethane (100 mL) and chromatographed
over silica gel (60 g, 20 x 3 cm). The column was eluted with dichloromethane (375 mL), and
the product-containing fractions were combined and concentrated to dryness. The solid residue
was dried at 25°C/0.1 mmHg for 3 h to give 15.18 g of purified compound 5, mp 130-134°C.
This material was used as such, directly in the next step.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment

Toluene-hexanes (1:9) 0.58 Major

0.68 Minor

0.48 Minor
Materials
Compound 4 Ash Stevens Inc., Lot No. DJD-15-147
1,2-Dichloroethane Fisher Scientific, Lot No. 952553
N-Bromosuccinimide Fluka, Lot No. 351368/1 696
Benzoyl peroxide Aldrich, Lot No. JQ00620HQ
Sodium bicarbonate FMC Corporation, Lot No. 92-358
Sodium chloride Morton International Inc., no Lot No.
Water, deionized Ash Stevens Inc., no Lot No.
Magnesium sulfate, anhydrous J.T. Baker, Lot No. H26142
Charcoal, Norit A Aldrich, Lot No. KF02211KF
Celite, tech Celite Corp., Lot No. C5453AP301016
Dichloromethane ' Fisher Scientific, Lot No. 966156
Silica gel EM Science, Lot No. TA572034418

3.5-Bis-(4-chlorophenyl)benzaldehyde (6): - A solution of silver nitrate (15.13 g,

0.089 mol) in water (50 mL) was added to a solution of compound 5 (15.04 g, 0.032 mol) in
dioxane (200 mL) and the mixture was heated at reflux for 4 h, then concentrated to near dryness
(30-35°C/aspirator). The semisolid residue was extracted with dichloromethane (3 x 250 mL)
and the combined extract was washed successively with water (2 x 250 mL), aq. sodium
bicarbonate (400 mL) and saturated brine (200 mL). The aqueous washes were backwashed with
dichloromethane (200 mL). The combined organic phase was dried (MgSO,), treated with
charcoal (2 g), and filtered through a pad of celite. The filtrate was concentrated (25-30°C/
aspirator) to dryness. The solid residue (10.55 g) was dissolved in hot (60°C) toluene (75 mL)
and silica gel (20 g) was added. The mixture was concentrated to dryness and the product-
entrained silica gel was dried at 35°C/0.1 mmHg for 30 min, then placed on top of a silica gel
column (85 g, 3.5 x 4 cm). The column was eluted with toluene-hexanes (1:9, 2 L; 3:17, 500
mL; 1:3, 1 L) to remove faster moving impurities. Further elution with toluene-hexanes (1:2, 1.5
L; 1:1, 1 L) removed the product. The product-containing fractions were combined and
concentrated to dryness. The solid residue was dissolved in hot toluene (50 mL) and the solution
was filtered. The filtrate was cooled to ca. 40°C, diluted with hexanes (200 mL) and stirred for 1
‘h. The solid was collected by filtration and air-dried, then dried further at 50°C/0.1 mmHg for 1
h to give 6.68 g of pure product 6, mp 155-157°C. Concentration of the mother liquor gave a
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second crop (0.65 g) which was recrystallized from toluene-hexanes (1:1, 16 mL) to give 0.47 g
of pure product, mp 155-157°C. The combined yield was 7.15 g (66%). "H NMR (CDCls) &
10.15 (s, 1 H, -CHO), 8.05 (d, J=1.8 Hz, 2 H, H-2 and H-6), 7.98 (t, J=1.8 Hz, 1 H, H-4), 7.61 (d,
J=8.7 Hz, 4 H, H’-3 and H’-5), 7.48 (d, J=8.7 Hz, 4 H, H’-2 and H’-6).

Anal. Calcd for C;oH;,C1,0 (327.21): C, 69.75; H, 3.70; Cl, 21.67. Found: C,
69.66; H, 3.76; CI, 21.59.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent : Rf Comment
Toluene-hexanes (1:1) 0.27 Homogeneous
Materials
Compound 5 Ash Stevens Inc., Lot No. DJD-15-165
1,4-Dioxane J.T. Baker, Lot No. C43349
Silver nitrate Alfa, Lot No. 082084
Water, deionized Ash Stevens Inc., no Lot No.
Dichloromethane Fisher Scientific, Lot No. 966156
Sodium bicarbonate FMC Corporation, Lot No. 92-358
Sodium chloride Morton International Inc., no Lot No.
Magnesium sulfate, anhydrous J.T. Baker, Lot No. H26142
Charcoal, Norit A Aldrich, Lot No. KF02211KF
Celite, tech Celite Corp., Lot No. C5453AP301016
Silica gel EM Science, Lot No. TA572034418
Toluene J.T. Baker, Lot No. L10607
Hexanes -+ J.T. Baker, Lot No. 1.L13634

solution of 1.6 M n-butyllithium in hexane (51 mL, 0.082 mol) was added dropwise over 15 min
to a cold solution of n-butylacetamide (4.67 g, 0.041 mol) in dry tetrahydrofuran (130 mL)
maintained at —7° to —2°C under a nitrogen atmosphere. The mixture was stirred for 50 min at
~3° to +2°C, then a solution of compound 6 (6.64 g, 0.02 mol) in dry tetrahydrofuran (130 mL)
was added over a 20 min period while maintaining the temperature at —6° to —3°C. After the
addition was completed, the dark brown mixture was stirred at —5°C for 30 min and at room
temperature for 16 h. The mixture was cooled to 10°C, diluted with aqueous 15% ammonium
acetate (325 mL) and extracted with ethyl acetate (1 x 500 mL, 2 x 125 mL). The combined
ethyl acetate extract was washed with saturated brine (2 x 200 mL), dried over magnesium
sulfate, and filtered. The filtrate was concentrated (30-35°C/aspirator, then 30°C/0.1 mmHg) to
a gummy solid. The solid was dissolved in dichloromethane (500 mL) and chromatographed
over silica gel (130 g, 22 x 4 cm). The column was washed with dichloromethane (1.5 L) to

. remove impurities. The product was eluted with ethyl acetate-hexanes (1:1, 1.5 L). The
product-containing fractions were combined, concentrated to a volume of ca. 50 mL and diluted
with hexanes (150 mL). The mixture was stirred for 30 min and filtered. The solid was air-dried
for 18 h, then dried further at 50°C/0.1 mmHg for 2 h to give 5.67 g (63%) of pure product 7, mp
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el

154-156°C. '"H NMR (DMSO-dg) 6 7.76 (d, J=8.4 Hz, 4 H, Ar H), 7.75 (d, J=1.5 Hz, 1 H, ArH),
7.72-7.8 (hidden 1 H, D,0 exchangeable, NH), 7.59 (d, J=1.5 Hz, 2 H, ArH), 7.51 (d,J=8.4hz, 4
H, ArH), 5.53 (d, J=4.5 Hz, 1 H, OH), 5.06 (m, 1 H, CHOH), 2.96 (m, 2 H, NCH,), 2.50 (m, 2*
H, CH,CO plus DMSO), 1.3-1.0 (m, 4 H, NCH,CH,CH,), 0.71 (t, J=7.2 hz, 3 H, CH,CH3).

Anal. Calcd for C2sH,sC1.NO, (442.386): C, 67.88; H, 5.70; Cl, 16.03; N, 3.17.
Found: C, 67.91; H, 5.69; Cl, 15.99; N, 3.12.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent
Ethyl acetate-hexanes (1:1)
Materials

n-Butylacetamide

Compound 6

Tetrahydrofuran
n-Butyllithium, 1.6 M in hexanes
Ammonium acetate

Water, deionized

Ethyl acetate
Dichloromethane

Silica gel

Hexanes

Sodium chloride

Magnesium sulfate, anhydrous

Rf Comment

0.29 Homogeneous

Ash Stevens Inc., Lot No. DJD-15-158
Ash Stevens Inc., Lot No. DJD-15-167
Fisher Scientific, Lot No. 963280
Aldrich, Lot No. HQ03214HQ
Aldrich, Lot No. TQ16825PQ

Ash Stevens Inc., no Lot No.

Fisher Scientific, LotNo. 963942
Fisher Scientific, Lot No. 966156

EM Science, Lot No. TA572034419
J.T. Baker, Lot No. L13634

Morton International Inc., no Lot No.
J.T. Baker, Lot No. H26142

3.5-Bis-(4-chlorophenyl)-a-[2-(butylamino)ethyl]benzenemethanol hydrochloride (8)

(WR 281240): - A solution of compound 7 (5.5 g, 0.012 mol) in dry tetrahydrofuran (180 mL)
was added dropwise over 35 min to a cold solution of 1 molar borane (52 mL, 0.052 mol) in
tetrahydrofuran while maintaining temperature at —7° to —-4°C. The clear, colorless solution was
allowed to warm over 1 h to room temperature then heated at reflux for 2.25 h. Analysis by TLC
(Analtech, ethyl acetate-hexanes, 1:1) showed the absence of starting material. The mixture was
cooled to 15°C and 50% aq. tetrahydrofuran (12 mL) was added slowly followed by 3 N HCl (65
mL). The clear solution was stirred at room temperature for 10 min, then the tetrahydrofuran
was removed by distillation at atmospheric pressure. The mixture was cooled to room
temperature, stirred for 10 min, and filtered. The solid was air-dried for 17 h to give crude
product 8, 7.3 g. This product was suspended in water (250 mL) and the mixture was basified to
pH 11-12 with aq. 5% sodium hydroxide (35 mL). The mixture was extracted with
dichloromethane (350 mL, 125 mL) and the combined extract was washed with saturated brine
(125 mL). The organic phase was dried (MgSOs.), filtered through a pad of celite, and the filtrate
was concentrated (25-30°C/aspirator) to dryness. The solid residue was dried further at 30°C/0.1
mmHg for 30 min to give the title compound free base, 4.93 g. The free base (4.93 g) was
dissolved in hot ethanol (25 mL). The solution was cooled to 50°C, treated with ethanolic
hydrogen chloride (6.8 N, 3 mL), diluted with 2-propanol (50 mL), and stirred at room
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temperature for 1 h. The solid was collected by filtration, washed with ether (3 x 25 mL) and
air-dried for 72 h to give purified product 8, 4.88 g, mp 218-220°C. This product was dissolved
in hot ethanol (80 mL) and the solution was filtered. The filtrate was diluted with 2-propanol (75
mL) and the mixture was stirred at room temperature for 2 h. The solid was collected by
filtration, washed with ether (3 x 25 mL) and dried at 80°C/0.1 mmHg for 2 h to give pure
compound 8, 4.21 g (73%), mp 219-221°C. 'H NMR (DMSO-dg) 5 8.90 (br s, 2 H, DO
exchangeable, NH,), 7.82-7.75 (m, 5 H, Ar H), 7.64 (d, J=0.9 Hz, 2 H, Ar H), 7.56-7.48 (m, 4 H,
Ar H), 5.72 (br s, 1 H, D,0 exchangeable, OH), 4.84 (br s, 1 H, CHOH), 2.94 (br s, 2 H, CH;N),
2.84 (brt, 2 H, NCH,), 2.06 (m, 2 H, CHOHCH,), 1.56 (pent, J=7.5 Hz, 2 H, NCH,CH>), 1.28
(hex, J=7.5 hz, 2 H, CH,CH,CHj3), 0.84 (t, J=7.5 Hz, 3 H, CH,CH,).

Anal. Caled for C,sH,7C1,NO-HCI (464.86): C, 64.59; H, 6.07; Cl, 12.68; N, 3.01.
Found: C, 64.63; H, 6.05; Cl, 12.48; N, 3.02.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Methylene chloride-methanol-acetic acid ~ 040 Homogeneous
(94.5:5:0.5)
Materials
Compound 7 Ash Stevens Inc., Lot No. DJD-15-169
Tetrahydrofuran Fisher Scientific, Lot No. 963230
Borane-THF complex Aldrich, Lot No. 17008AR
1 molar solution in THF
Hydrochloric acid Mallinckrodt, Lot No. H613KTSC
Sodium hydroxide J.T. Baker, Lot No. G03043
Dichloromethane Fisher Scientific, Lot No. 966156
Sodium chloride Morton International Inc., no Lot No.
Water, deionized ’ Ash Stevens Inc., no Lot No.
Magnesium sulfate, anhydrous J.T. Baker, Lot No. H26142
Celite, tech Celite Corp., Lot No. C5453AP301016
Hydrogen chloride (gas) Matheson, Lot No. T310128
Ether, anhydrous Fisher Scientific, Lot No. 967463-15
Alcohol, reagent (190 proof) Aaper, Lot No. 96H27UBRFG
2-Propanol Chempure, Lot No. M164KMJX
4.13 5-Hydroxy-6-methoxy-4-methyl-8-nitroquinoline (WR 249332)

A 2 L 2-necked flask equipped with a mechanical stirrer and a reflux condenser was
charged with ethanol (900 mL) and 5,6-dimethoxy-4-methyl-8-nitroquinoline (60 g, 0.24 mol).
. With stirring, concentrated HC1 (60 mL) was added in one portion. The mixture changed from
yellow to orange. The mixture was heated at reflux for 6.5 h, then allowed to cool to room
temperature overnight. The solid was collected by suction filtration, washed with cold ethanol
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(75 mL), and dried at 90°C/0.5 mmHg for 20 h to give 50 g (88%) of pure product, mp >300°C.
'H NMR (CF3COOD) & 11.44 (s, 1 H), 9.07 (d, J=5.6 Hz, 1 H), 8.98 (s, 1 H), 7.95 (d, J=5.5 Hz,
1 H), 4.33 (s, 3 H), 3.44 (s, 3 H).

Anal. Calcd for C;;HioN2O4 (234.21): C, 56.41; H, 4.30; N, 11.96. Found: C,
56.34; H, 4.38; N, 11.93.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Acetonitrile-1,2-dihydroxyethane- 0.66 Homogeneous
trifluoroacetic acid (8:2:0.5)
Materials
5,6-Dimethoxy-4-methyl-8- Ash Stevens Inc., Lot No. SJ-01-173A
nitroquinoline
Ethanol _ Chempure, Lot No. M256KPPR(-08)
Hydrochloric acid Chempure, Lot No. M152KPCX(-46)

4.14 8-Amino-5-hydroxy-6-methoxy-4-methylquinoline hydrochloride (WR 279310)

A suspension of 5-hydroxy-6-methoxy-4-methyl-8-nitroquinoline (4 g, 17.1 mmol) in
methanol (150 mL) containing concentrated HC1 (2 mL) was hydrogenated (30 psi) in the
presence of 10% palladium-on-carbon catalyst (400 mg) for 1 h. The reaction mixture was
filtered through a celite pad and the filtrate was evaporated at reduced pressure (aspirator and
then oil pump) to give 3.9 g of crude product. In the same manner, the reaction was repeated to
give an additional 3.6 g of crude product. The crude product (6 g) was dissolved in aq. 95%
methanol (120 mL) containing ethanolic hydrogen chloride (10 N, 0.1 mL). The solution was
treated with charcoal (2 g) and filtered through a pad of celite. The filtrate was stirred at room
temperature for 1 h, in an ice-bath for 2 h, then stored in a refrigerator overnight. The solid was
collected by suction filtration and dried at 60°C/0.5 mmHg for 4 h to give 3.8 g (58%) of pure
product as purple crystals, mp >310°C. 'H NMR (DMSO-dg) 6 9.50 (brs, 4 H, D,O
exchangeable), 8.61 (d, J=4.4 Hz, 1 H), 7.79 (s, 1 H), 7.31 (d, J=4.4 Hz, 1 H), 3.90 (s, 3 H), 2.90
(s, 3 H). '

Anal. Calcd for C;1Hi3N20,-HCI (240.68): C, 54.89; H, 5.44; Cl, 14.73; N, 11.64.
Found: C, 54.93; H, 5.44; Cl, 14.77; N, 11.54.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Acetonitrile-methanol-formic acid 0.47 Minor
(10:2:1) 0.35 Major
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Materials

5-Hydroxy-6-methoxy-4-methyl- Ash Stevens Inc., Lot No. CT-8-20
8-nitroquinoline

10% Palladium-on-active-carbon Aldrich, Lot No. EY03715CT

Methanol CMS Chempure, Lot No. M182KTCV(-08)

Active charcoal Fluka, Lot No. 301730-1-891

Celite Celite Corp., Lot No. 6-317

Hydrochloric acid Chempure, Lot No. M152KPCX

4.15 6-Methoxy-4-methyl-5.8-quinolinedione (WR 281280)

8-Amino-5-hydroxy-6-methoxy-4-methylguinoline hydrochloride (1): - A suspension
of 5-hydroxy-6-methoxy-4-methyl-8-nitroquinoline (4 g, 17.1 mmol) in methanol (150 mL)
containing concentrated HCI (2 mL) was hydrogenated (30 psi) for 1 h in the presence of 10%
palladium-on-carbon catalyst. The reaction mixture was filtered through a pad of celite and the
celite pad was washed with warm 10% aqueous methanol (100 mL). The filtrate and washings
were combined and evaporated at reduced pressure (aspirator and then oil pump) to give 4.15 g
(quantitative) of crude product as a dark purple solid. This procedure was repeated two more
times, and the combined product was used as such directly in the next step.

Materials

5-Hydroxy-6-methoxy-4-methyl- Ash Stevens Inc., Lot No. CT-8-20
8-nitroquinoline

10% Palladium-on-carbon Aldrich, Lot No. EY03715CX

Methanol CMS Chempure, Lot No. M182KTCV(-08)

Hydrochloric acid Chempure, Lot No. M152KPCX

6-methoxy-4-methyl-5.8-quinolinedione (2): - A 500 mL 2-necked flask equipped
with a mechanical stirrer was charged with compound 1 (10 g, 41.5 mmol) and water (200 mL).
To the stirred solution was added sodium periodate (27.5 g, 128.7 mmol), portionwise, at room
temperature, over 4 min. The mixture was heated at 65°C (oil bath temperature) for 30 min,
cooled to room temperature, diluted with water (100 mL), and extracted with methylene
chloride-n-butanol (9:1, 3 x 200 mL). The combined extract was washed successively with brine
(200 mL), aq. 1% sodium bisulfite (2 x 200 mL), brine (2 x 200 mL), treated with charcoal (3 g),
and filtered through a pad of celite. The filtrate was dried (MgSOa), refiltered, and concentrated
at reduced pressure (aspirator, then oil pump) to give 6.6 g of crude product as a dark brown
solid. The solid was dissolved in methylene chloride (30 mL) and chromatographed over silica
gel (200 g, 26 x 5 cm). The column was eluted with toluene-ethyl acetate (3:2). The product-
containing fractions were combined and concentrated (aspirator, then oil pump) to give 4.9 g of
purified product as a light brown solid. The solid was dissolved in methylene chloride (50 mL).
The solution was treated with charcoal (3 g), filtered through a pad of celite, and concentrated to
- dryness (aspirator, then oil pump). The residual solid was dissolved in hot dioxane (60 mL) and
the solution was filtered. The filtrate was heated until clear, stirred at room temperature for 30
min, then stored in a refrigerator overnight. Next day the semisolid mixture was stirred in an ice
bath and hexanes (3 x 10 mL) was added at 10 min intervals. The solid was collected by suction
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filtration and dried at 60°C/0.25 mmHg for 4 h to give 4.1 g (49%) of pure product as yellow
crystals, mp 204-206°C (dec). "H NMR (CDCly) & 8.83 (d, J=5 Hz, 1 H), 7.43 (dd, J=0.7, 4.8
Hz, 1 H), 6.31 (s, 1 H), 3.94 (s, 3 H), 2.81 (s, 3 H).

Anal. Calcd for C;;H9NO3 (203.19): C, 65.02; H, 4.46; N, 6.89. Found: C, 65.07; -
H, 4.48; N, 6.88.

Thin-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Tetrahydrofuran-5% ammonium hydroxide 0.65 Slight streaking
(10:0.5)
Methylene chloride-acetonitrile 0.30 Slight streaking
(10:1)
Materials
Compound 1 Ash Stevens Inc., Lot Nos, CT-8-47,
_ CT-8-48 and CT-8-50
Sodium periodate Aldrich, Lot No. LQ05718JQ
Methylene chloride J.T. Baker, Lot No. J51613
n-Butanol Aldrich, Lot No. HR01206EF
Sodium bisulfite Aldrich, Lot No. HX07115HX
Charcoal ' Fluka, Lot No. 301730-891
Toluene _ J.T. Baker, Lot No. J30661
Ethyl acetate Fisher Scientific, Lot No. 970348
1,4-Dioxane Sigma Chemicals, Lot No. 06075PG
Hexanes _ Fisher Scientific, Lot No. 963498

4.16 5(6)-Chloro-2.2’-bibenzimidazole (WR 281319)
2-(Trifluoromethyl)benzimidazole (1): - A mixture of 1,2-phenylenediamine (22 g,

0.2 mmol) and trifluoroacetic acid (55 mL) was heated at reflux for 5 h, cooled to room
temperature, and poured onto crushed ice (300 mL). The mixture was adjusted to ca. pH 9 with
aq. 12.5% sodium hydroxide (140 mL), stirred for 15 min and filtered. The solid was slurried
with water (300 mL) for 10 min, collected by filtration, and dried at 45-50°C/0.1 mmHg for 2 h
to give 28.6 g of crude product. The crude product was dissolved in hot ethyl acetate (250 mL).
The solution was treated with charcoal (4 g) and filtered through a pad of celite. The filtrate was
refiltered (gravity) and concentrated (30-35°C/aspirator) to one-half volume. The solution was
diluted with hexanes (500 mL) and the mixture was stirred for 1 h at room temperature. The
solid was collected by filtration and dried at 25°C/0.1 mmHg for 2 h to give 25.8 g (68%) of pure
product, mp 208-210°C; lit., mp 210°C (42); mp 210-210.5°C (43).
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Thin-Layer Chromatography EM Science Kieselgel 60 Fas4

Eluent Rf Comment
Ethyl acetate-hexanes (1:3) 0.36 Homogeneous
Materials
1,2-Phenylenediamine Aldrich, Lot No. DX08713BX
Trifluoroacetic acid Aldrich, Lot No. TX08161PZ
Water, deionized : Ash Stevens Inc., no Lot No.
Sodium hydroxide J.T. Baker, Lot No. G03043
Ethyl acetate Fisher Scientific, Lot No. 963942
Hexanes J.T. Baker, Lot No. L13634
Charcoal, Norit A Aldrich, Lot No. KF02211KF
Celite, Tech Celite Corp., Lot No. C5453AP301016

5(6)-Chloro-2.2’-bibenzimidazole (2): - A Mixture of 2-(trifluoromethyl)benzimi-
dazole (11.42 g, 0.061 mol), 4-chloro-1,2-phenylenediamine (8.7 g, 0.061 mol) and 2-hydroxy-

ethylamine (30.55 g, 0.5 mmol) in ethylene glycol (95 mL) was heated at reflux for 5 h under a
nitrogen atmosphere. The mixture was allowed to cool to room temperature overnight and the
light purple colored solid was collected by filtration and washed with ethanol (25 mL). The solid
was slurried with water (250 mL), collected by filtration, and dried at 75-80°C/0.1 mmHg for 90
min to give 8.28 g of crude product.

The crude product (7.5 g) was dissolved in hot ethyl acetate (900 mL). The solution
was treated with charcoal (1.53 g), filtered through a pad of celite, and the filtrate was
concentrated (30-35°C/aspirator) to a volume of ca. 250 mL. The resulting suspension was
heated at reflux for 2-3 min, allowed to cool to room temperature, diluted with hexanes (100
mL), and stirred at room temperature overnight. The solid was collected by filtration, washed
with hexanes (3 x 50 mL), and air-dried to give 5.89 g of purified product. This material was
redissolved in hot ethyl acetate (900 mL). The solution was treated with charcoal (1.26 g),
filtered through a pad of celite, and concentrated (30-35°C/aspirator) to a volume of 250 mL.
The resulting suspension was heated at reflux for 2-3 min, allowed to cool to room temperature,
and stirred for 1 h. The solid was collected by filtration, washed with hexanes (4 x 25 mL), and
dried at 80°C/0.1 mmHg for 2 h to give 4.46 g of product.

The compound was recrystallized once more from ethyl acetate and dried at
110°C/0.1 mmHg for 2 h to give 3.21 g (19%) of product, mp >300°C. 'H NMR (1,4-Dioxane,
Ds) & 12.60 (br s, 2 H, D,0 exchangeable), 7.88-7.34 (br d, 4 H), 7.29-7.26 (m, 3 H).

Anal. Calcd for C;,HoCIN, (268.709): C, 62.58; H, 3.38; Cl, 13.19; N, 20.85.
Found: C, 63.00; H, 3.67; Cl, 13.00; N, 20.37.
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Thin-Layer Chromatography EM Science Kieselgel 60 Fs4

Eluent

Ethyl acetate-hexanes (1:1)

Methanol-methylene chloride (1:19)

HPLC Analysis

Rf Comment
0.36 Major
0.00 Trace
0.44 Major .
0.0 Trace

Column: Beckman 5u Ultrasphere silica (4.6 mm x 25 cm)

Detection: UV —254 nm at 0.02 AUFs
Solvent: Ethyl acetate-hexanes (1:1)
Flow rate: 1 mL/min

Retention time: 4.73 min

Purity: 99.6%

Materials

2-(Trifluoromethyl)benzimidazole
4-Chloro-1,2-phenylenediamine
2-Hydroxyethylamine

Ethylene glycol

Ethanol

Water, deionized

Ethyl acetate

Charcoal, Norit A

Celite, tech

Hexanes

Celite, analytical
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Ash Stevens Inc., Lot No. DJD-15-175
Aldrich, Lot No. BQ06523AQ

Fluka, Lot No. 353702/1 21097

Fluka, Lot No. 354038/1 296

Aaper, Lot No. 97E12UBRER

Ash Stevens Inc., no Lot No.

Fisher Scientific, Lot No. 963942
Aldrich, Lot No. KF02211KF

Celite Corp., Lot No. C5453AP301016
J.T. Baker, Lot No. L13634

Manville Corp., no Lot No.



4.17 5, 8-Dihydroxy—6-methoxy—4—methylguinoline

A 500 mL 2-necked flask equipped with a mechanical stirrer was charged with 6-
methoxy-4-methyl-5,8-quinolinedione (7 g, 34.5 mmol), methylene chloride (60 mL) and water
(60 mL). The two layer clear solution was stirred and sodium dithionite (9 g, 51.7 mmol) was
added in portions over 1 min (slight exotherm). The mixture was blanketed with nitrogen and
stirred at room temperature for 1 h. The precipitated produce was collected by suction filtration
under a nitrogen atmosphere, washed thoroughly with degassed deionized water (200 mL) and
dried at room temperature/0.5 mmHg for 5 h to give 6.84 g of crude product. The crude product
(6.8 g) was dissolved in hot degassed dimethylformamide (60 mL) and the solution was filtered
in an argon bag. The filtrate was stirred in d water bath for 20 min and in an ice bath for 30 min.
The solid was collected by suction filtration in an argon bag and washed thoroughly with a cold
mixture of isopropanol and hexanes (1:1, 30 mL). The solid was dried at 60°C/0.25 mmHg for
17 h to give 4.8 g (68%) of pure product as yellow crystals, mp 190-192°C (dec). 'H NMR
(DMSO-dg) 6 8.94 (br s, 1 H, D,0 exchangeable), 8.45 (d, J=4.4 Hz, 1 H), 8.36 (brs, 1 H, D;0O
exchangeable), 7.15 (dd, J=1.1, 4.1 Hz, 1 H), 7.04 (s, 1 H), 3.88 (s, 3 H), 2.87 (s, 3 H).

Anal. Calcd for C;H;1NO; (205.21): C, 64.38; H, 5.40; N, 6.83. Found: C, 64.37,
H, 5.38; N, 6.90. '

Thiﬁ-Layer Chromatography Analtech Silica Gel GF

Eluent Rf Comment
Methylene chloride-acetic acid (5:1) 0.05 Slight streaking
Materials
Compound3 ~ Ash Stevens Inc., Lot No. CT-8-71
Methylene chloride J.T. Baker, Lot No. J51613
Sodium dithionite Aldrich, Lot No. HQO5011TN
Dimethylformamide ’ Aldrich, Lot No. CR17191BR
Isopropanol Fisher Scientific, Lot No. 970323
Hexanes Fisher Scientific, Lot No. 963498

418 5-Chloro-2.2’-bibenzoxazole (WR 281381)

The synthesis sequence to the title compound is shown in Chart No. 28.

2-Cyanobenzoxazole (1): - A solution of 2-chlorobenzoxazole (10 g, 0.065 mol) in
dry dimethyIformamide (5 mL) was added dropwise over 15 min to a suspension of finely
powdered potassium cyanide (6.34 g, 0.097 mol) in dry dimethylformamide (25 mL) maintained
at 5-7°C. After the addition was completed, the cooling bath was removed and the dark mixture
- was allowed to warm to room temperature and stirred for 2.5 h. The reaction mixture was
poured into cold water (600 mL) and the mixture was extracted with methylene chloride (2 x 250
mL). The combined organic extract was washed with deionized water (250 mL), dried
(anhydrous calcium chloride, 28 g), and filtered through a pad of celite. The filtrate was
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concentrated (30-35°C/aspirator) to a solid, 8.87 g. The solid was dissolved in methylene
chloride (100 mL) and chromatographed over silica gel (120 g, 18 x 4.5 cm). The column was
eluted with methylene chloride (750 mL) and the product-containing fractions were combined
and concentrated to dryness (30-35°C/aspirator). The solid residue was dried further at 25°C/0.1
mmHg for 1 h to give purified title compound as an off-white solid, 6.44 g (68%), mp 99-101°C;
lit. mp 103-105°C (44). This compound was used as such directly in the next step. ’

Thin-Layer Chromatography: EM Science Kieselgel 60 Fs4

Eluent Rf Comment

Methylene chloride 0.64 Major

0.57 Trace
Materials
2-Chlorobenzoxazole Aldrich, Lot No. AR04628LN
Potassium cyanide Mallinckrodt, Lot NO. KMMZ
Dimethylformamide Aldrich, Lot No. 00152AR
Methylene chloride G.J. Chemical, Lot No. 16938
Water, deionized Ash Stevens Inc., no Lot No.
Calcium chloride, anhydrous Aldrich, Lot No. PQ0179BQ
Celite, technical Celite Corp., Lot No. C5453AP301016
Silica gel EM Science, Lot No. TA572034418

5-Chloro-2.2’-bibenzoxazole (4): - A mixture of 2-cyanobenzoxazole (6.35 g, 0.044
mol) and 2-amino-4-chlorophenol (6.32 g, 0.044 mol) was heated in an oil bath at 140-150°C for
3 min. The initial formed red melt solidified with evolution of ammonia gas. The solid was
broken up in hot ethyl acetate (30 mL) and the suspension was diluted with hexanes (30 mL) and
stirred for 30 min at room temperature. The light grey-brown solid was collected by filtration,
washed with hexanes (2 x 10 mL) and air-dried for 18 h to give 8.78 g of crude product. The
crude product was dissolved in refluxing methylene chloride (350 mL). The solution was cooled
to ca. 25°C and chromatographed over silica gel (100 g, 15 x 4 cm) eluting with methylene
chloride (1 L). The product-containing fractions were combined and concentrated to dryness
(30-35°C/aspirator) to give 5.54 g of a light yellow solid. The solid was dissolved in hot ethyl
acetate (430 mL). The hot solution was filtered (gravity), and the volume of the filtrate was
reduced (30-35°C/aspirator) to ca. 150 mL. The resulting mixture was heated at reflux for 5 min,
then allowed to stand at room temperature overnight. The light yellow-green solid was collected
by filtration, washed with hexanes (2 x 15 mL) and dried at 95°C/0.1 mmHg for 4 h to give pure
product, 4.89 g (41%), mp 227-229°C. 'H NMR (1,4-Dioxane, dg) § 8.02 (s, 1 H), 7.92 (d, J=7.5
Hz, 1 H), 7.78 (d, J=7.8 Hz, 1 H), 7.52 (d, J=9.0 Hz, 1 H), 7.6-7.4 (m, 3 H).

Anal. Calcd for C4H;CIN,0O, (270.67): C, 62.12; H, 2.61; Cl, 13.10; N, 10.35.
Found: C, 62.02; H, 2.56; Cl, 13.22; N, 10.32.
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Thin-Layer Chromatography EM Science Kieselgel 60 Fas4

Eluent Rf Comment

Methylene chloride 0.41 Major

0.52 Trace

0.30 Trace
Materials
2-Cyanobenzoxazole ‘ Ash Stevens Inc., Lot No. DJD-15-234
2-Amino-4-chlorophenol Aldrich, Lot No. DR13704HZ
Ethyl acetate Fisher Scientific, Lot No. 963942
Hexanes J.T. Baker, Lot No. L13634
Methylene chloride G.J. Chemical, Lot No. 16938
Silica gel EM Science, Lot No. TA572034418

4.19 2-(Benzimidazol-2-y1)-5-chlorobenzoxazole (WR 201 847)

The synthesis route is shown in Chart No. 29.

5-Chloro-2-mercaptobenzoxazole (1); - Carbon disulfide (60.14 g, 0.79 mol) was
added dropwise over 4 min to a solution of potassium hydroxide (41.24 g, 0.64 mol) in aqueous
97% ethanol (690 mL) maintained at 10-12°C. After the addition was completed, the cooling
bath was removed and the solution was stirred for 30 min. 2-Amino-4-chlorophenol (90.15 g,
0.63 mol) was added and the mixture was heated at reflux for 3 h, at which time analysis by TLC
‘(Analtech, ethyl acetate-hexanes, 1:3) showed the reaction to be complete. Norit A (11 g) was
added and the mixture was heated at reflux for 5 min, then filtered through a pad of celite. The
filter pad was washed with hot water (60 ml). The combined filtrate was heated at 70-75°C and
aqueous 33% acetic acid (150 mL) was added over 15 min with vigorous stirring. The mixture
was cooled to 10°C in a water bath, then cooled further for 1 h in an ice bath. The off-white
solid was collected by filtration, washed with water (3 x 100 mL), and air-dried for 68 h. The
solid was dried further at 65°C/0.1 mmHg for 3.5 h to give 87.75 g (75%) of pure product, mp
274-276°C; lit., mp 275°C (52), mp 259-262°C (53).

Thin-Layer Chromatography EM Science Kieselgel 60 Fas4

Eluent Rf Comment
Ethyl acetate-hexanes (1:3) 0.27 Homogeneous
Methylene chloride 0.14 Homogeneous
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Materials

2-Amino-4-chlorophenol Aldrich, Lot No. DR13704HQ
Potassium hydroxide, 87.3% Chempure, Lot No. M236KEET
Ethanol, 190 proof Aaper, Lot No. 97E12UBRER
Carbon disulfide J.T. Baker, Lot No. H28609
Water, deionized Ash Stevens Inc., no Lot No.
Charcoal, Norit A Aldrich, Lot No. C5453AP301016
Acetic acid, glacial Fisher Scientific, Lot No. 967395

2.5-Dichlorobenzoxazole (2): - Chlorine gas (83.3 g, 1.17 mol) was passed into a
suspension of 5-chloro-2-mercaptobenzoxazole (65.65 g, 0.35 mol) in dry methylene chloride
(650 mL) maintained at 10-20°C. After 20 min, the suspension became a clear, light yellow-
brown solution and 5-6 min later, a bright yellow solid separated out. After the chlorine addition
was completed, the mixture was stirred at room temperature for 1 h. The resulting orange-red
solution was poured into cold water (3 L) and the mixture was stirred vigorously for 5 min. The
layers were separated and the aqueous layer was extracted with methylene chloride (2 x 250
mL). The combined organic phase was dried over calcium chloride (107 g) and filtered through
a pad of celite. The solvent was removed at reduced pressure (25-30°C/aspirator) and the residue
was distilled at 127-130°C/aspirator pressure to give 59.9 g (90%) of pure product in the form of
an oil which solidified upon standing at room temperature to an off-white solid, mp 45-47°C,; lit.,
bp 130-133°C/25 mmHg, mp 44-46°C (46).

Thin-Layer Chromatography EM Science Kieselgel 60 Fs4

Eluent Rf Comment

Ethyl acetate-hexanes (1:3) 0.63 Major

0.22 Trace
Methylene chloride 082 Major

0.07 Trace
Materials
5-Chloro-2-mercaptobenoxazole Ash Stevens Inc., Lot No. DJD-15-233
Methylene chloride G.J. Chemicals, Lot No. 16938
Chlorine Union Carbide, Linde Division, no Lot No.
Water, deionized Ash Stevens Inc., no Lot No.
Calcium chloride, anhydrous Aldrich, Lot No. PQ01709BQ
Celite, technical Celite Corp., Lot No. C5453AP301016

5-Chloro-2-cyanobenzoxazole (3): - A solution of 2,5-dichlorobenzoxazole (42.75 g,
0.23 mol) in dry dimethylformamide (50 mL) was added dropwise over 20 min to a suspension
of finely powdered potassium cyanide (22.81 g, 0.35 mol) in dry dimethylformamide maintained
at 6-8°C. Following the addition, the mixture was stirred at room temperature for 1 h, poured
into cold water (2.5 L), and extracted with methylene chloride (3 x 500 mL). The combined

135




organic extract was washed with cold water (2 x 500 mL), dried over calcium chloride (118 g),
and filtered through a pad of celite. The filtrate was concentrated (30-35°C/aspirator) to dryness
and the solid residue (37.11 g) was dissolved in methylene chloride (250 mL) and
chromatographed over silica gel (280 g, 18 x 7 cm). The column was eluted with methylene
chloride. The product-containing fractions were combined and concentrated to dryness to give
18.53 g (46%) of the title compound, mp 92-93°C; lit., mp 94-96°C (54). This material was used
as such directly in the next step.

Thin-Layer Chromatography EM Science Kieselgel 60 Fass

Eluent ' Rf Comment
Ethyl acetate-hexanes (1:3) 0.59 Major
0.52 Trace
0.07 Trace
Methylene chloride 0.88 Major
0.77 Trace
0.07 Trace
Materials
2,5-Dichlorobenzoxazole 2 Ash Stevens Inc., Lof No. DJD-15-237
Dimethylformamide Aldrich, Lot No. 00152CR
Potassium cyanide Mallinckrodt, Lot No. KMMZ
Water, deionized Ash Stevens Inc., no Lot No.
Calcium chloride, anhydrous Aldrich, Lot No. PQ07109BQ
Celite, technical Celite Corp., Lot No. C5453AP301016
Silica gel B EM Science, Lot No. TA572034418

2-(Benzimidazol-2-yl)-5-chlorobenzoxazole (4) (WR 201847): - A mixture of 5-
chloro-2-cyanobenzoxazole 3 (5.42 g, 0.03 mol) and 1,2-phenylenediamine (3.01 g, 0.028 mol)

was heated in an oil bath at 150-155°C for 3 min. The initially formed red melt solidified to a
black solid with evolution of ammonium gas. The dark solid was broken up in hot ethyl acetate
(35 mL) and the suspension was stirred for 30 min. The light orange-brown solid was collected,
washed with hexanes (2 x 10 mL), and air-dried for 4 h to give 4.84 g of crude product.

Additional compound 3 (8.12 g) and 1,2-phenylenediamine (4.52 g) were processed
in this manner to give 8.02 g of crude product.

The crude product (12.86 g) was dissolved in hot ethyl acetate (1.25 L) and the warm
solution (ca. 60°C) was stirred with silica gel (21.52 g) for 10 min. Norit (3.39 g) was added and
the mixture was heated at reflux for 5 min, then filtered through a pad of analytical celite. The
* light orange filtrate was refiltered (gravity) and concentrated to one-half volume (30-
35°C/aspirator). The mixture was heated at reflux for 5 min and allowed to cool to 40°C over 30
min. The light orange solid was collected, washed with hexanes (2 x 30 mL) and air-dried for 18
h to give 7.96 g of purified product, mp 260-262°C.
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The purified product (7.96 g) was redissolved in hot ethyl acetate (850 mL) and the
warm solution (ca. 60°C) was stirred with silica gel (30.51 g) for 10 min. Norit (2.23 g) was
added and the mixture was heated at reflux for 3 min, then filtered through a pad of analytical
celite. The yellow filtrate was refiltered (gravity) and concentrated to one-half volume. The
suspension was heated at reflux for 5 min and allowed to cool to 30°C. The light yellow-orange:
solid was collected, washed with hexanes (2 x 25 mL), and dried at 95-97°C/0.1 mmHg for 2.5 h
to give pure title compound 4, 4.97 g (24%), mp 261-263°C. "H NMR (1,4-Dioxane-dg) & 12.23
(brs, 1 H, D,0 exchangeable), 7.90-7.83 (m, 2 H), 7.74 (d, J=8.7 Hz, 1 H), 7.54-7.43 (m, 2 H),
7.38-7.26 (m, 2 H).

Anal. Calcd for C4HgCIN;O (269.69): C, 62.35; H, 2.99; C], 13.15; N, 15.58.
Found: C, 62.33; H, 3.04; C], 13.07; N, 15.51.

Thin-Layer Chromatography EM Science Kieselgel 60 Fs4

Eluent Rf Comment
Ethyl acetate-hexanes (1:19) 0.24 . Homogeneous
Methanol-methylene chloride (1:19) 0.64 Homogeneous
Materials
5-Chloro-2-cyanobenzoxazole 3 Ash Stevens Inc., Lot No. DJD-15-240
1,2-Phenylenediamine Aldrich, Lot No. DX08713BX
Ethyl acetate Fisher Scientific, Lot Nos. 963942,

And 970761

Hexanes Spectrum, Lot No. MN0272
Silica gel EM Science, Lot No. TA572034418
Charcoal, Norit A Aldrich, Lot No. KF02211KF
Celite, analytical , Manville Corp., no Lot No.
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