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Abstract: A practical synthetic method for a xanthine dehydrogenase inhibitor, (5)-(-)-BOF-
4272, was established utilizing an asymmetric oxidation of diaryl sulfide BOF-4269. The oxida-
tion of the sulfide with 1-chlorobenzotriazole carried out in the presence of 4-cyanopyridine and
chiral 2-phenylcyclohexanol gave a high enantiomeric excess (73%ee). The sulfoxides in each
enantiomerically pure form could be obtained by treating with alkaline hydrolysis or thermoly-
sis of one of the diastereomeric intermediate sulfonium salts (>99%de). Thus the transformation
into the sulfoxides occur with virtually perfect inversion (alkaline hydrolysis) or retention (ther-
molysis). It is therefore possible to obtain the target sulfoxide, ($)-(-)-BOF-4272, from both the
two diastereomeric sulfonium intermediates.

Introduction

BOF-4272 (1) is a pyrazolotriazine derivative which shows a potent inhibition of the biosynthesis of uric
acid by interfering with the xanthine oxidase / xanthine dehydrogenase system'. Of the two optical isomers, the
(8)-(-)-isomer? shows 100 fold more active? than the (+)-isomer. We wish to report first asymmitric synthesis of
(8)-(-)-BOF-4272. Na

In recent years, a variety of synthetic methods to obtain optically active sulfoxides Ni

have been reported. However, only a few methods are applicable to the production of Q N_’{

chiral diaryl sulfoxides such as BOF-4272, since the scope of the asymmetric oxidation* N

seems to be limited to alkyl aryl sulfides. Substitution reactions® of enantiomerically pure

sulfinate analogues represented by Andersen's synthesis appear to be promising for the OMe

achievement of high stereocontrol. The application for BOF-4272, however, was not suc- -

cessful mainly due to the existing heterocyclic ring in the molecule. ©/ o
In 1976, a convenient method for asymmetric oxidation of diaryl sulfides using (-)-

menthol, pyridine and #-butylhypochlorite was reported by Oae's group®(Scheme 1). BOF-4272
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An interesting observation is that the opposite enantiomers can be produced depending on the work-up treat-

ment on the intermediate sulfonium salt. This suggests a possibility for asymmetric production of a sulfoxide in
its desired configuration.

Results and discussion
Synthesis of (S)-(-)-BOF-4272(free) : Modification of Oae’s method

We studied the synthetic conditions required to achieve a high enantiomeric excess, since the oxidation of
BOF-4269 (2)" under Qae’s original condition resulted in only 40%ee. Subsequent recrystallization gave pure
(5)-(-)-isomer (3) with an overall yield of 30% (Scheme 2).

Scheme 2
OH
Oae's method c‘> Recrystallization NJ‘N'N\
Ar—S—Ph _— Ar‘?—Ph — = [100%ee Ar = k‘N =
. !
BOF-4269 40%€¢  BOF-4272(free) ¥ =30% e
2 (5)-3

Firstly a variety of halo-cation reagents were examined, as shown in Table 1. The variation of the oxi-
dants exerted little influence on the enantioselectivity and chemical yield. Therefore, 1-chlorobenzotriazole*(CBT)
was chosen in view of its safety and convenience in handling compared to r-butylhypochlorite originally used
(Table 1).

As for the solvents, N,N-dimethylformamide was found to be the most adequate in terms of the chemical
yield, the optical yield, and the purity of the product (3) (Table 2).
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Table 1 : Influence of the Oxidizing Agent

Oxidizing agent ?

Ar-S-Ph Ar-S-Ph
1) (-)-Menthol
BOF-4269 Pyridine BOF-4272(tree)
2 DMF, -30°C, 1.5hr -3
2) NaOH aq.
N, 1 N, £
Oxidant @N M c'i ic' +°°' Q N ¢NC|
c oty ° Br o
(CBT)
ee (%) 43 39 38 —_ N
a) v b) o x
Yi %
ield (%) 87 83 87 @) one @om
SO,Ph SPh

a) In stead of sulfoxide, sulfone was obtained as only product.
b) Chlorination on aromatic ring took place mainly.

Table 2 : Solvent Effect in the Oxidation

0

Ar— S—>Ph _ Ar—S—Ph
1} 4-Cyanopyridine

BOF-4269 (-)-Menthol BOF-4272(free)
2 cat ®)-3

-30°C, 1.5hr

2) NaOHagq.
Solvent DMF  CH2Cl2 MeCN  Diglyme" THF  Toluene  Acetone’  AcOEt’
Time (hr) 15 15 20.5 15 1.5 24 22 3
oe (%) 63 60 44 75 0 — — -_—
Yield (%) 93 84 87 93 95 28 26 N.R.

" Substrate was almost insoluble.
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Oae’s oxidation recipe involves pyridine. We found an intricate dependence of the enantiomerical excess
on the pKa value of pyridine bases. The enantiomeric excess appears to increase with decrease in basicity of
pyridines (Figure 1). And in case of 4-cyanopyridine, we could obtain the best result of 63%ee. The trend,
however, is limited to a certain range of 3- and 4-substituted pyridine derivatives. For example, tetrafluoropyri-
dine a base weaker than 4-cyanopyridine, gave only about 50%ee. Also, we could not rationalize the deviation
observed for 3-chloro- and 4-acetylpyridine. How does the pyridine base participate in the oxidation reaction
remains to be elucidated.

Figure 1 : Influence of the base
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In the absence of the base, the enantioselectivity was 50%ee.

We also studied the variation of chiral alcohols. Chiral 2-substituted cyclohexanol was quite effective.
Thus the enantiomeric excess of 73% was obtained when (1R,25)-(-)-2-phenylcyclohexanol was used (Table
3), a quite high value for the asymmetric oxidation of a diaryl sulfide. On the other hand, we found poor
enantioselectivity in the case of diols, acyclic secondary or primary alcohols.
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Table 3 : Effect of Chiral Alcohols

1

Ar-S—Ph > —S—Ph
1) 4-Cyanopyridine Ar
BOF-4269 CBT BOF-4272(free)
2 DMF, -30°C, 1.5hr 3
2) NaOH aq.
. o ’ o Contiguration ) . Contiguration
Chiral alcohol @ (%)  Yield (%) ¢ @) Chiral alcohol 8@ (%)  Yield (%) o3
Y
i HO, *
~ALOH 0 95 — (P 20 50 R
©) oH 1 87 s "°‘¢ 22 80 R
OH OH .
©)\002Mo 20 39 S G’k 43 54 S
OH -
©\‘,~°" 5 96 S ,@ 73 78 S

OH OH
©,\/© 20 68 S Oij 18 78 S
OH
"o M1 39’ s H°$l§\ 15 89 s
E10,C  CO,Et
PO
OH

12 63 )

3\'5"'3?]‘0)( 6 27 s

HO O

*} Chlorination on Ar ring took place as a side reaction.

Synthesis of ($)-(-)-BOF-4272 : Utility of menthoxy sulfonium salts

We were able to isolate the intermediate menthoxy sulfonium salt (4) (>99%de) by choosing an appropri-
ate solvent system (Scheme 3)°. Thus the reaction sequence involving a sulfonium salt postulated by Oae et al.®
was verified. We found that the transformation of the sulfonium chloride into a more moisture-stable nitrate can
be effected by replacing the counter anion with sodium nitrate (Scheme 3).
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Scheme 3

4-Cyanopyridine
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Ph—S—Ar - Q a3
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2 4 5

47.9% yield ( >99%de )

The most amazingly property of the salt is the ability which allows stereospecific transformation into the
enantiomerically pure sulfoxides. Thus the (S)-(-)-isomer of (3) was isolated in >99%¢e by alkaline hydrolysis
whereas (R)-(+)-isomer of (3) was obtained with >99%ee by thermolysis (Scheme 4). Further, the absolute
configuration of the sulfonium salt obtained could be determined by its stereospecific transformation into enan-
tiomerically pure sulfoxides. The alkaline hydrolysis of chiral sulfonium salt is known to proceed through SN2
type reaction®. Accordingly we recovered (-)-menthol. In contrast, in the thermal reaction we observed the
formation of menthene. Since the absolute configuration (-)-BOF-4272 has been established to be S?, the stere-
ochemistries of these transformations can be depicted in Scheme 4.

Scheme 4

" A L on "
Ph—S=Ar ~———— — s

+
Retention Ph"'SI‘Ar Inversion

(R)-3 ~+ NOs3 $-3

|

Based on the observation described above we established an effective synthetic method for (S)-(-)-BOF-
4272(free form) (3). Namely two stereospecific transformations separately effected on each diastereomeric
component of the sulfonium intermediates, yield one enantiomerically pure sulfoxide. Following the modified
Oae's oxidation (see the Experimental part), we are able to obtain BOF-4272(free form) (3) in its desired config-
uration in 71.7% overall yield'*(Scheme 5).
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Scheme 5 Divergent Asymmetric Synthesis of (-)-BOF-4272

)Q~
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in Mother liquor

All Chemical yieids are based on BOF-4269.

Free acid of (S)-BOF-4272 (3) was easily converted to sodium salt (S)-BOF-4272 (1) by treatment with
sodium hydroxide.

Conclusion

We found a combination of 4-cyanopyridine, chiral 2-phenylcyclohexanol, and 1-chlorobenzotriazole to
be a good recipe for the asymmetric oxidation of a diarylsulfide BOF-4269. Further an effective synthesis of
(5)-(-)-BOF-4272 (1) was achieved by the new methodology, “conversion of both of diastereomeric intermedi-
ates into one enantiomerically pure product, a sulfoxide enantiomer”.

Experimental

Melting points were determined on a Yamato Melting Point Apparatus MP-21 and uncorrected. 'H NMR
spectra were recorded on a Varian XL-200 (200MHz) and JEOL JNM-A500 (S00MHz), using either CDCI, or
DMSO-d, as the solvent with TMS as internal standard. Mass spectra were obtained on a Shimadzu GCMS
QP1000 or JEOL JMS SX-102A spectrometer. The de values were calculated from '"H NMR spectra and the ee
values by HPLC on a CHIRALCEL®OD (DAICEL) column (eluent : EtOH / hexane / HCOH = 350/ 650 / 1).
Optical rotations were measured on a JASCO DIP-360 polarimeter. BOF-4269 was prepared essentially fol-
lowing the published method™.
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($)-(-)-8-[3-methoxy-4-(phenylsulfinyl)phenyl]pyrazolo[1,5-a]-1,3,5-triazin-4(1H)-one (3) : Gener-
al procedure for the modified Oae's method. To a solution of 19.35g of BOF-4269 (2) (55.3 mmol), 19.33g
of (-)-menthol (124 mmol) and 5.75 g of 4-cyanopyridine (55.3 mmol) in 200 ml of DMF was added a solution
of 9.33 g of 1-chlorobenzotriazole (60.8 mmol) in 110ml of acetonitril at -30°C under stirring. Stirring was
continued for 1.5h at -30°C. An aqueous 5 N solution (130 ml) of NaOH was then added to the mixture. After
the temperature of the mixture was allowed to reach to room temperature, 100 ml of deionized water was added
and the resulting solution was washed with 200 ml of toluene. Neutralization of the aqueous layer with an
aqueous citric acid solution gave 20.30g of a crude product (3) (93%, 63%ee) which was recrystallized from
MeOH-1,2-dichloroethane to give 8.95g of (5)-(3) (44.2%, >99%ee). 'H NMR (DMSO-d,, 200MHz) 3 3.88 (s,
3H), 7.49-7.55 (m, 3H), 7.66-7.93 (m, 4H), 7.91 (dd, J = 8.2Hz, 1.4Hz, 1H), 8.14 (s, 1H), 8.64 (s, 1H), 12.84
(bs, 1H); [a] ®=-174 (c 0.5, DMF). mp = 265-268°C (dec.); Anal. Calcd for C,H.N.O,S :C, 59.00; H, 3.85;
N, 15.29; found : C, 58.74; H, 3.55; N, 14.99

[1R-(1,28,5)]-[[5-methyl-2-(1-methylethyl)cyclohexylloxy][2-methoxy-4-(1H-4-0Xx0-
pyrazolo[1,5,a]-1,3,5-triazin-7-yl)phenyl] phenyl sulfonium chloride (4). To a solution of 313 mg of BOF-
4269 (2) (0.90 mmol), 341 mg of (-)-menthol (2.18 mmol) and 97 mg of 4-cyanopyridine (0.93 mmol) in 3.2 ml
of DMF (dried with activated 4A molecular sieves) was added 159 mg of 1-chlorobenzotriazole (1.04 mmol) at
-30°C under stirring. The reaction mixture was stirred for 1h at -30°C. Ethyl acetate (22 ml) was then added to
the reaction mixture and the mixture was further stirred for 1h at -30°C. Collecting the crystalline precipitates
afforded 232 mg of (4) (48%, >99%de). 'H NMR (DMSO-d,, 200MHz) 8 0.54 (d, J = 6.8Hz, 3H), 0.81 (d, J =
7.2Hz, 3H), 0.95 (d, J = 6.2Hz, 3H), 0.90-1.95 (m, 7H), 2.20 (m, 1H), 4.03 (s, 3H), 4.39 (m, 1H), 7.60-8.21
(m, 8H), 8.26 (s, 1H), 8.88 (s, 1H), 13.30 (bs, 1H); HRMS calcd for C,H, O,N,SCI (M-H) 539.1883, found
539.1891

[1R-(1,2B,50)]-[[5-methyl-2-(1-methylethyl)cyclohexyl]oxy][2-methoxy-4-(1H-4-0xo0-
pyrazolo[1,5,a]-1,3,5-triazin-7-yl)phenyl] phenyl sulfonium nitrate (5). To a solution of 5.02 g of BOF-
4269 (2) (14.3 mmol), 5.79 g of (-)-menthol (37.1 mmol) and 1.49 g of 4-cyanopyridine (14.3 mmol) in 50 ml of
DMEF (dried with activated 4A molecular sieves) was added 2.20 g of 1-chlorobenzotriazole (14.3 mmol) at -
30°C under stirring. After stirring for 1.5h at -30°C, sodium nitrate (1.58 g, 18.5 mmol) in 15 ml of DMF was
added. The mixture was stirred for 1.5h at -30°C. Ethyl acetate (250 ml) was then added and the mixture was
further stirred for 1.5h at -30°C. Then stirring being continued, the temperature was allowed to reach to the
room temperature during 1h. Collecting the crystalline precipitates afforded the mixture (6.35 g) of (5) (>99%de)
and sodium chloride as a by-product. This was employed in the next step without further purification. 'H NMR
(CDCl,, 500MHz) 3 0.63 (d, J = 6.8Hz, 3H), 0.85 (d, J = 6.8Hz, 3H), 0.89-1.95 (m, 8H), 2.65 (m, 1H), 4.07 (s,
3H), 4.55 (m, 1H), 7.32 (d, J = 9.4Hz, 1H), 7.46 (dd, J = 9.4, 0.2Hz, 1H), 7.75-7.95 (m, 3H), 7.81 (s, 1H), 8.05-
8.20 (m, 2H), 8.09 (s,1H), 13.22 (bs, 1H); HRMS calcd for C,;H, O N.S (M-H)  566.2073, found 566.2064

(S)-8-[3-methoxy-4-(phenylsulfinyl)phenyllpyrazolo[1,5-a]-1,3,5-triazin-4(1H)-one (3) : Hydrolysis
of -menthoxy sulfonium nitrate compound. To a solution of a mixture (349 mg) of sulfonium nitrate (5) and
sodium chloride in 1.6 ml of DMF was added an excess of 2.5 N aqueous NaOH at 0°C under stirring and
stirring was continued for 1h at 0°C. Deionized water (10ml) being added to the solution, the mixture was
washed with 5 ml of toluene. Neutralization of the aqueous layer with an aqueous citric acid solution gave 170
mg of (5)-(3) (>99%ee) as crystalline precipitates.
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(R)-8-[3-methoxy-4-(phenylsulfinyl)phenyl]pyrazolo[1,5-a]-1,3,5-triazin-4(1H)-one (3) : Thermoly-
sis of I-menthoxy sulfonium nitrate compound. A solution of a mixture(156 mg) of sulfonium nitrate (§) and
sodium chloride in 20 ml of DMF was stirred for 6h at 60°C. Deionized water (30 ml) being added to the
solution, the solution was washed with 5 ml of toluene. Neutralization of the aqueous layer with an aqueous citric
acid solution afforded 78.3 mg of (R)-(3) (>99%ee) as crystalline precipitates. 'H NMR (DMSO-d,, 200MHz) 8
3.88 (s, 3H), 7.49-7.55 (m, 3H), 7.66-7.93 (m, 4H), 7.90 (dd, J = 9.2Hz, 1.4Hz, 1H), 8.13 (s, 1H), 8.63 (s, IH);
(o], = +174 (c 0.5, DMF);, mp = 265-268°C (dec.)

(S)-8-[3-methoxy-4-(phenylsulfinyl)phenyl]pyrazolo[1,5-a]-1,3,5-triazin-4(1H)-one (3) : Divergent
asymmetric synthesis. To a solution of 5.02 g of BOF-4269 (2) (14.3 mmol), 5.79 g of (-)-menthol (37.1 mmol)
and 1.49 g of 4-cyanopyridine (14.3 mmol) in 50 ml of DMF was added 2.20 g of 1-chlorobenzotriazole (14.3
mmol) at -30°C under stirring. Stirring was continued for 1.5h at -30°C. Sodium nitrate (1.58 g, 18.5 mmol) in 15
ml of DMF being added, the mixture was stirred for 1.5h at -30°C. Ethyl acetate (250 ml) was then added to the
reaction mixture. And the mixture was stirred for 1.5h at -30°C. Temperature of mixture was allowed to reach to
the room temperature and stirred for 1h at ambient temperature to precipitate only (R)-sulfonium nitrate (5). The
separated (R)-salt (>99%de) was effectively converted to (S)-(3) (>99%ee) in a 62.7% yield by treating the
crystalline sulfonium precipitates with an excess of 2.5 N aqueous NaOH in DMF at 0°C. After the mixture was
allowed to stand at room temperature, 100 mi of deionized water was added. After the solution was washed with
20 ml of toluene, neutralization of the aqueous layer with an aqueous citric acid solution gave 3.28 g of (5)-(3)
(62.7%, >99%ee). On the other hand, (S)-salt (about 40%de) stayed in the mother liquor also gave the (5)-(3)
(99%ee) in a 9% yield by thermolysis followed by recrystallization. Namely, after the mother liquor was stirred
for 2h at 60°C, the reaction mixture was extracted with 2.5N NaOH. Neutralization of the aqueous layer with an
aqueous citric acid solution gave 1.54 g of a crude (S)-(3) (29.4%, 38%ee). The product was recrystallized from
MeOH-1,2-dichloroethane to give 0.645 g of (5)-(3) (8.5%, >99%ee). The combined yield was 71.7%.

(8)-(-)-Sodium-8-[3-methoxy-4-(phenylsulfinyl)phenyl}pyrazolo[1,5-a]-1,3,5-triazin-4-olate monohy-
drate : (S)-(-)-BOF-4272 (1). To a solution of 145 mg of sodium hydroxide in 100 ml of deionized water was
added 1.3 g of (3) in 50 m] of ethanol at room temperature and the mixture was stirred at room temperature until
it became clear solution. After the solvent was evaporated, ethyl acetate (100 ml) was added to the residue and
heated under reflux for 30min. After the mixture was cooled to room temperature, precipitated crystalline was
collected to give 1.20 g of (1) (83.3%, >99%ee). 'H NMR (DMSO-d,, 200MHz) & 3.86 (s, 3H), 7.49-7.75 (m,
7H), 7.84 (dd, J = 9.2Hz, 1.4Hz, 1H), 7.89 (s, 1H), 8.30 (s, 1H); [at],° =-245 (c 0.5, DMF); mp = 228-235°C
(dec.); Anal. Calcd for C H ,N,NaO,S H,0: C, 53.20; H, 3.72; N, 13.79; found : C, 53.02; H, 3.54; N, 13.77
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