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Abstract:

A new green glycosylation condition useful for efficient large-
scale preparation of trifluorothymidine 1 is described. The
condition requires neither CHClI3 nor transition-metal catalysts
for B-selectivity at the anomeric C1-position, which is advanta-
geous for process development of active pharmaceutical ingre-
dients such as 1. Key features of the condition include: (1) only
an equimolar amount of trifluorothymine 2 is required, (2) the
glycosylation is performed under high concentration, (3) the
reaction is carried out at 50 °C to enhance the reaction.

Introduction
Trifluorothymidine 1 has attracted attention for decades

due to its structural analogy to natural nucleic acids such as

thymidine. Sincel exhibits antitumokr and antiviral activi-

ties? intensive investigation has been achieved for develop-
ment of medical drugs. Particularly, demands for cytomeg-
aloviral disease treatment of AIDS patients are increasing.

Conventional processes for preparihimvolve an enzymatic
base exchange of thymidihand trifluoromethylation on the
5-position of 2-deoxyuridine derivatives using @Eu* or
(CR);Hg°® Those methods were not cost-effective for
industrial manufacturing because of low yield and the

Scheme 1. Conventional glycosylation method
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equiv was required for a 75:25 ratio 6f6). To meet the
cGMP regulation standard, the residual amount of transient
metal catalysts and CHEIlin an active pharmaceutical
ingredient should be strictly controlled at low level. For
health and environmental reasons, Cg&llvent should be

expensive reagents. The best protocol has been reported byvoided. Additionally, usage of a stoichiometric amount of

Kawakami® and the key reaction is a glycosylation of chloro
sugar4 (R = 4-chlorobenzoyf with persilylated trifluo-
rothymine3 in the presence of Zngkatalyst (Scheme 1).
However, a contamination of a significant amount of an
o-anomerb is a drawback. To increase the stereoselectivity,
the following points were indispensable for the reaction
condition: (1) an addition of transient metal catalyst like
ZnCl,, (2) CHCE solvent, and (3) large excess use3of2
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3 is preferred for an economical process. Here we report a
new glycosylation condition useful for synthesislofising
neither CHC4 nor transition-metal catalysts.

Results and Discussion

Effects of Solvents and Additives.To avoid CHCY,
solvent effects were examined in the presence of various
additives that were effective for the syntheses of 2
deoxynucleosides (Table 1). To complete the reaction, 2
equiv of 3 was used in the experiments. Kawadakported
that Cuk had induced higtf/a-selectivity even when the
stoichiometric amount o8 was used in the glycosylation.
In the presence of exce3sthe effects of Cufwere reduced
to show comparable selectivity with the results carried out
with no additives (entry 1). Hexamethyldisilazane (HMDS)
or triethylamine (EiN) were effective in the synthesis of
2'-deoxyadenosine or 2leoxycytidine’ However, very low
selectivity was observed in the reaction3with 4. CHCk
and 1,2,4-trichlorobenzene (1,2,4;C§H3) were acceptable

(8) Kawauchi, N.; Fukazawa, N.; Ishibashi, H.; Otsuka, K. U.S. Patent 5,-
532,349;Chem. Abstr1995,122, 291455.

(9) Kawakami, H.; Matsushita, H.; Shibagaki, M.; Naoi, Y.; ltoh, K
Yoshikoshi, H.Chem. Lett1989, 1365.
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Table 1. Effects of solvents and additives in the Table 2. Effect of reaction temperature in the glycostlation

glycosylation of 4 with 3 of 4 with 3ab
additive$ reaction temperature ratio of5 conversion
o 0, 0,
entry solvents CuF HMDS EtN no additives entry c (/0) (/o)
1 CHChk 93.8(98.8) 62.4(98.7) 29.2(96.6) 93.6(98.9) 1 rt 94.5 94.4
2 0-ChCeHs  86.2(97.6) 22.8(97.5) 36.4(85.3) 88.6(97.6) 2 40 91.6 95.7
3 12,4-CiCeHs 89.8(94.4) 20.7(96.9) 41.4(83.3) 94.5(94.4) 3 50 90.1 98.4
4 toluene 88.2(95.5) 18.8(95.0) 45.7(60.0) 87.5(95.5) 4 60 91.0 98.7
5  PhNGQ 79.7(98.8) 22.6(98.4) 5.0(83.1) 73.2(98.8) 5 70 87.2 98.8
6 l4-dioxane  75.0(98.4) 415(87.8) 25.0(87.3) 26.1(92.6)
7  CHCN 65.5(98.7) 24.9(98.2) 41.1(96.6) 49.7 (98.7)

aConditions: 3/4 mole ratio, 2:1; 4 h; solvent, 1,2,4-4THs. ° Experiments
were performed by a direct addition 4fto liquid 3.

a Conditions: 3/4 mole ratio, 2:1; rt, 22 h; Cuk-0.1 equiv; HMDS and EN,
1 equiv.P Ratio of 5 (%) and conversion (%) shown in parentheses Table 3. Effect of substrate concentration in the

glycosylation of 4 with 3

Scheme 2. Hubbard’s theory

mol equiv ratio of5 yield5+ 6
RO, o RO, o G entry of solvent (%) (%)
\Q, ~— b 1 0.0 93.8 84.3
OR OR 2 2.77 89.6 83.5
a-4; R= 4-MeBz $-4: R= 4-MeBz 3 7.69 86.5 82.3
OTMS 4 19.1 82.9 80.6
N7 | CH, 5 58.0 78.9 -
PN
TMSO™ N aConditions: 3/4 mole ratio, 1:1; 50°C, 4 h; solvent,0-Cl,C¢H.. ® The
7 experiment was performed by direct addition4ofo liquid 3.
o) RO
HN CHj o substituent, Cf The excess addition & was needed for
O)\N | Or the conventional method to afford the highselectivity®
RO O.__N Since our focus was usage of a stoichiometric amour® of
l :o: , I\nj\ for an economical process, we examined heating effects to
R CHy enhance the reaction.
8 Re 4.MeBz o Re EM 5 Effect of Reaction Temperature. Since 1,2,4-GCeH3
| 10’_ R=H shsaesz demonstrated the highgstselectivity, the temperature effect

was examined in this solvent (Table 2). Raising the reaction
for the reaction in this screening result (entries 1 and 3). temperature resulted in a low ratio 5f but the conversion
Wit.hout any additives, aromatic solvents such as toluene or  4te increased moderately. In the course of the experiments,
o-dichlorobenzenextCl,CeHa) demonstrated modergfese- e opserved concentration-dependency of the induction of
lectivity (entries 2 and 4). Hubbattexplained thef/o— the stereoselectivity. High concentration fvill increase
selectivity in the synthesis of thymidink0 by the theory  ne reaction rate, and the condition will simultaneously

shown in Scheme 2. The solvent effect in the glycosylation yecrease the unfavorable solvent effect. To evaluate the
is attributable to the different rate of the anomerization of concept, the concentration effect was examined using

4, as the reaction occurs in inversion of the configuration at 0-CLCeH, as a reaction solvent.

the C1-carbon o#, and the reactivity of the nucleoside base  Etfect of Substrate Concentration.On the basis of the
determines the intrinsic selectivity that the substrate ShOWS'preIiminary observation of the concentration effect. the
Solvent effects in glycosylation & with 4 were precisely glycosylation of3 with 4 (3:4 = 1:1) was performed in
examined for the first time here, and the experimental results 5rious amounts of the solvent:CLC:H,. Clear evidence
performed with3 also supported Hubbard's theory. Sup-  of the concentration-dependency was observed (Table 3).
pression of the unfavorable anomerization in less polar Accompanied with an increase of concentration,f6ratio
solvents such as toluen@Cl.CeHa, or 1,2,4-CiCeHs should —jncreased to 93.8:6.2 (entry 1). Even though the experiment
be the first step in developing a highly stereoselective ;4¢ performed with only 1 equiv &, the result surpassed

reaction condition. Second, the reaction rate should be e reported highe&6 ratio (93:7) that was carried out with
increased. Despite the polarity of CHQhe reaction resulted highly excessive (4 equiv). Although the heating indeed

in high j-selectivity, probably because the reaction rate in jycreases the reaction rate, it would likely induce anomer-

CHCl; would be larger than the rate of anomerization. The jzation of4. The high selectivity would be partially attribut-

theory clearly elucidates the reason for the high stereose-gpe to the insoluble property éfin the liquid3. By heating,

lectivity induced by the excess addition®#s the effect of 0 powder,4 gradually dissolves into the liqui@ and

the increased reaction rate. Trifluorothymi@eis a 1€ss  erefore the reaction is maintained in a state where excess

reactive base than thymine due to the electron-withdrawing 3 ayists with a small amount of the dissolvédHowever

(10) Hubbard, A. J.: Jones, A. S.: Walker, R.Nucleic Acids Resl984,12, as the reaction mixture fir_lz_illy solidified by crystz_il_lization
6827. of 5 and6 in the neat condition (entry 1), the condition was
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Table 4. Solvent effect at high concentration in the amount of anisole (96% w/w of) to afford a mixture ob

glycosylation of 4 with 3 and6 in 71% isolated yieltt (85.7:14.3 ratio 06:6 in HPLC
mol equiv  ratio of5  yield5+ 6 assay and 85% HPLC vyield before isolation) without
entry solvent of solvent (%) (%) purification. In the course of the reaction, anisole dwdere
1 toluene 29 90.5 87 added in two portions, gnd smooth stl.rnng was maintained.
2 CICsHs 3.0 907 85 Even though both the yield and the_ ratioofvere decreased
3 0-CLCgH4 3.8 89.6 83 compared with the result of entry 6 in Table 4, they surpassed
4 1,2,4-C{CeHs 2.4 92,5 83 the result of the conventional procedti(@s:25 ratio of5:6,
5  anisole 1.0 91.9 85 78% HPLC vyield) that requires CHEIsolvent, excess
6 anisole 2.6 94.0 88 f d | of th .
7 iPRLO 19 808 78 amount 0 3, an ZnC;j. Rempva of the pr_otect|ve groups
8 ACOEt 3.0 81.3 82 was carried out with 2.5 equiv of NaOMe in MeOH at@
9 CeHsNO; 2.9 80.9 82 for 3.5 h. Neutralization with HCI and an elimination of the
10 2-butanone 3.3 72.0 & resulting methyl 4-chlorobenzoate by washing with AcOBu
11 CHCE 3.8 87.7 86

were successively performed to gitén 97% yield (99.92:
0.08 ratio of$-1:0-1 in HPLC assay).

aConditions: 3/4 mole ratio, 1:1; 50C, 4 h.® The experiment was performed
by a dropwise addition of anisole into a mixture &and 3.

Conclusions
Scheme 3. Hundred-gram-scale synthesis of 1 In summary, we have developed a new green condition
anisole 'ﬁg)":‘f that is applicable to synthesis of trifluorothymidide The
3 + 4 —m» 5 4+ § ——» 1 condition requires neither CHg$olvent nor transition-metal
71% 97% catalysts to generate high stereoselectivity even when the
(3:4=11) (5:6 = 86:14) (B = 99.8:0.1)

equimolar amount of the nucleoside ba3eagainst the
glycosyl donor4 was used. Th@-anomer of the protected
trifluorothymidine 5 was synthesized in a stereoselective
manner. An enhancement of the reaction by performing at
50 °C under a highly concentrated condition resulted in a
94.0:6.0 ratio of5:6 (B:a)). The process was scalable to
producel in hundred-gram scale by maintaining smooth
stirring in the presence of a small amount of anisole. The
selectivity and the yield (85.7:14.3 ratio &6 in HPLC assay
and 85% HPLC yield) surpassed the results of the conven-
tional method. The process will be expedient for manufac-
turing of active pharmaceutical ingredients suchlLas

not scalable without modification. The selectivity of the
second concentrated condition (entry 2) was rather low (an
89.6:10.4 ratio 06:6) for process development, even though
stirring of the reaction mixture was kept smooth. Investiga-
tion of solvent that maintains smooth stirring without a
significant decrease of selectivity was attempted next.
Solvent Effect at High Concentration.In the course of
the experiment, the glycosylation dfwith 3 (1:1 ratio of
3:4) was performed in the presence of only a minimum
amount of solvent necessary for smooth stirring (Table 4).
The aromatic solvents substituted with electron-donating
groups such as Me, Cl, or MeO demonstrated Ifiegelec- . .
tivity and good yields (entries-16). The results surpassed EXPerimental Section
the selectivity observed in CHE{entry 11). The relatively For characterization of known compountis3, and5,
high solubility of 4 in CHCl; at 50°C would be inducible ~ See ref 6.
of anomerization compared with that of the nonpolar  S-Trifluoromethyl-2,4-bis(trimethylsilyloxy)pyrimi-
aromatic solvents. However, even with the equimolar usage dine 3. Trifluorothymine 2 (186.2 g, 1.03 mol) and TMS-
of 3 and 4, all the results except 2-butanone (entry 10) Cl(6.29 g, 57.9 mmol) in HMDS (353.8 g, 2.19 mol) were
surpassed the selectivity reported in the conventional méthod. heated at 128C (90°C of the internal temperature) for 5 h.
Among the solvents, 1,2,4-@3H; demonstrated the highest ~After evaporation of the low-boiling point reagents, the
B-selectivity. However, for safety and environmental reasons, 'esidual crude product was purified by distillation {620
anisole was preferred for process development. To reduce’C: 0.-3—0.4 mmHg) to affor@ (290.6 g, 0.896 mol; yield:
the solvent effect, portionwise addition of anisole was 87%) as a colorless liquid.
examined (entry 6). Initially, direct glycosylation dfwith 3,5"-O-Bis(4-chlorobenzoyl)e.,a.0-trifluoro- f-p-thymi-
3 was performed in neat condition, and anisole was addeddine 5. 3,5-O-Bis(4-chlorobenzoyl)-2-deoxy-p-ribofura-
dropwise as the reaction proceeded. Using the procedureNosy! chloride4 (400 g, 0.931 mol) was added &(349.2
the B-selectivity (94.0%) was comparable with the result in 9. 1.08 mol) at 50C (25-45°C of the internal temperature),
neat condensation shown as entry 1 in Table 3. The condition@nd 15 min later, anisole (192 g) was added. To the reaction
requires neither CHGhor transition-metal catalysts and will Mixture were added (62.5 g, 0.145 mol; total: 462.5 g,
be suitable to scale-up. 1.08 mol) and anisole (144 g; total: 336 g), and the reaction
Large-Scale Synthesis of Trifluorothymidine 1.The  Was continued at 56C (45—49°C of the internal temper-
green glycosylation condition was applied to large-scale ature) for 3.5 h. In HPLC assay, thi#o ratio was 85.7:
preparation ofl (Scheme 3). Trifluorothymine2 was  14.3, and the total contenb fand 6 (a-isomer of5)] was
converted td3 in HMDS at 90°C in the presence of TMS- . . — - .
Cl. Condensation of with an equimolar amount f was (-9 T lon 7t v e o e str e i e e T
performed at 45—49C for 3.5 h in the presence of a small further for the optimized yield.
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528.6 g (HPLC yield: 85%). After cooling, EtOH (1750 mL) was filtered, and the filtrate was concentrated. The residual
was added. The resulting suspension was filtered and washedolids were dissolved in acetone (3.5 L), and the precipitates
with EtOH (180 mL), and the obtained wet powder was dried were filtered off. The filtrate was concentrated, and to the

in vacuo (50°C, 5 h) to afford5 as af/o. mixture (85.7: residue was added AcOBuU (1.3 L). The resulting suspension
14.3 ratio of5:6; 438.4 g, 0.765 mol; yield: 71%) as a was filtered and washed with AcOBu (200 mL), and the
colorless solid: HPLGg 7.8 min @); tr 8.7 min 6) [column: obtained wet powder was dried in vacuo (40, 4 h) to

YMC Pack AM312 (ODS-AM) (150 cnx 6.0 mm) (from afford 1 (171.9 g, 0.580 mol; yield: 97%; 99.92:0.08 ratio
YMC, Co. Ltd.), mobile phase: 10 mM Ki#PO,—CH;CN of f-1:a-1) as a colorless solid: HPL& 5.5 min (1);tr
(3:7), flow rate: 1.2 mL/min, UV wavelength: 260 nm, 7.6 min @-1) [column: YMC Pack AM312 (ODS-AM) (150
column temperature: 40C, internal standard: dibutyl c¢m x 6.0 mm) (from YMC, Co. Ltd.), mobile phase: 10
phthalate ¢ 11.4 min)]. mM KH,PO,—CH;CN (3:7), flow rate: 0.5 mL/min, UV

o,a,o-Trifluoro-f- p-thymidine 1. To a solution of5 wavelength: 260 nm, column temperature: °4.
(400.0 g ofp/a. mixture, 0.598 mol a$) in MeOH (2.6 L)
was added 28% NaOMe in MeOH (336.5 g, 1.74 mol) at 4
°C, and 3.5 h later, the reaction mixture was neutralized with
8.6% w/w in MeOH at 56 °C. The resulting suspension OP0255550
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