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Abstract. The title compounds were synthesized by 1,3-di-and17/18 (from 16), respectively. Protecting group chemis-
polar cycloaddition of 3,3,3-trifluoropropinyl benze2g to try like transesterification, deacetalation, hydrodechlorination
the azido sugars 2,3,4,6-tetbaacetyl{3-D-galactopyranosyl  is demonstrated in some cases. Thus, the trichloroethylidene
azide (), 6-O-acetyl-4O-cyclohexylcarbamoyl-2,8-(2,2,2-  derivatives?, 8, 17, and18 were converted into the corre-
trichloroethylidene)8-D-gulopyranosyl azideg), 6-azido-6-  sponding ethylidene derivatives, (L0, 19, 20) by treatment
deoxy-1,2:3,4-d©-isopropylidenea-D-galactopyranose with tributylstannane/AIBN. An X-ray analysis is given for
(12), and methyl 6-azido-®-cyclohexylcarbamoyl-6-deoxy- the 1-(2,3,4,6-tetr@®-acetyl3-D-galactopyranosyl)-4-tri-
2,3-0-(2,2,2-trichloroethylideneB-D-gulopyranoside 16), fluoromethyl-5-phenyl-1,2, 3-triazold) and for the 1-[62-
respectively. Because of the dissymmetry of the dipolarophil@cetyl-4O-cyclohexylcarbamoyl-2,8-(2,2,2-trichloroethyl-

2, always two regioisomeric products were obtained, the nuidene)3-D-gulopyranosyl]-4-trifluoromethyl-5-phenyl-1,2,3-
cleoside-analogous compoun@fd (from 1) and7/8 (from triazole (7).

6), respectively, and the reversed nucleosids (from 12)

Various 1,2,3-triazole derivatives are biologically ac-Results and Discussion

tive [2, 3], among them also nucleoside-analogous com-

pounds likeN-glycosylated 4-halomethylH- or 2H- _ .

1,2,3-triazoles. The latter show bactericide and viricidel,3-Dipolar cycloadditions of 2,3,4,6-tet@acetyl{-
action [4—6] or are usable as radiomimetic substance2-9alactopyranosyl azidd)[19], 6-O-acetyl-4O-cyc-
[7]. The properties of such mimetic products may bdohexylcarbamoyl-2,33-(2,2,2-trichloroethylidenefs-
commonly influenced by modifications of the hetero-D-gulopyranosyl azide6j [20], 6-azido-6-deoxy-1,2:
cyclic but also of the carbohydrate moiety. 3,4-di-O-isopropylidenea-D-galactopyranose ) [21],

An effective method of preparation for 1,2,3-triazole—and methyl 6-azido-®-cyclohexylcarbamoyl-6-deoxy-
based nucleoside analogues and reversed nucleoside>O-(2,2,2-trichloroethylidene-D-gulopyranoside
analogues, respectively, is the 1,3-dipolar cycloadditiod16) [22] with 3,3,3-trifluoropropinyl-benzen)[23]
starting from azidosugars. Some examples were reporfY€re carried out by refluxing the reactants in toluene;
ed in the literature [8—11]; (see ref. [12] as well). Re-Schemes 1 and 2. _
cently, we synthesised fluorinated 1,2,3-triazole—based !N order to achieve a complete conversion of the
reversed nucleoside analogues by 1,3-dipolar cycloaddZido sugars, an excess of 3,3,3-trifluoropropinyl-ben-
dition from azido-deoxy sugar derivativesgalactose, Zene ) was required. However, non-specific side re-
D-altrose) andE)-1-(F-alkyl)-2-phenylsulfonyl-ethenes actions occurred due to the relatively long reaction times
[1]. As everybody knows, fluorine atoms or trifluoro- (10—19 h) and a reaction temperature of 110 °C. They
methyl groups strategically positioned in target mole-Were indicated by carbonisation of the sc_)lutlons and
cules may greatly modify their properties, biological could be only partially suppressed by working under an
activity and selectivity; for typical examples see ref.argon atmosphere. Nevertheless, the two expected ma-
[13-17]. jor products, 4-trifluoromethyl-5-phenyl and 5-trifluoro-

In this paper we report on 1,3-dipolar cycloadditionsmethyl-4-phenyl-1,2,3-triazole, were obtained in good
of sugar azidesptgalactose and-gulose) with 3,3,3-  Yields (Tab. 1). Thus, 2,3,4,6-tettracetyl{3-D-galac-
trifluoropropinyl-benzene. This dipolarophile was al- topyranosyl azidel) and 3,3,3-trifluoropropinyl-ben-
ready used by Meazza and Zanardi [18] to synthesisé€ne &) yielded the 5-trifluoromethyl-4-phenyl-1,2,3-

various aryl-trifluoromethyl-1,2,3-triazoles from aro- triazole derivativ8 and its 4-trifluoromethyl-5-phenyl
matic azides. regioisome# after 14 h refluxing. After separation by
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Scheme 2Trifluoromethyl substituted reversed nucleoside-
analogous 1,2,3-triazoles

Scheme 1Trifluoromethyl substituted nucleoside-analogous azides with(E)-1-(F-alkyl)-2-phenylsulfonyl-ethenes

1,2,3-triazoles

yield only a single isomer — the corresponding 4-(F-
alkyl)-1,2,3-triazole derivative [1]; see also ref. [11, 24].

HPLC, the compounds were isolated in yields of 30% The assignment of the structures of the regioisomer-

(3) and 49%4), respectively.
The results of the cycloadditions of@acetyl-40O-
cyclohexylcarbamoyl-2,8-(2,2,2-trichloroethylidene)

-3-D-gulopyranosyl azides], 6-azido-6-deoxy-1,2:3,4-

di-O-isopropylideneg-D-galactopyranosel@), and
methyl 6-azido-40-cyclohexylcarbamoyl-&,3-deoxy
0-(2,2,2-trichloroethylidene-b-gulopyranosidel(6)

with 3,3,3-trifluoropropinyl-benzerizare summarised

ic pairs3/4, 7/8, 13/14, and17/18 based orfH NOE
measurement$F NMR data, and X-ray analyses. Thus,
the 4-trifluoromethyl-5-phenyl-1,2,3-triazole derivative
4 shows, in contrast to its regioisondcouplings bet-
ween 1-H of the sugar moiety and the phenyl protons.
G. Meazza, G. Zanardi [18] reported that trifluorome-
thyl groups linked to a 1,2,3-triazole ring show a char-
acteristic alteration of their chemical shifts$¥f NMR

in Tab.1, Scheme 1 and Scheme 2. Two regioisomerigpectra in dependence of their locatith. signals of
trifluoromethyl-1,2,3-triazoles are formed as found fortrifluoromethyl groups in 4-position are shifted 2—4 ppm
azi-del. It is noteworthy that cycloadditions of sugar to higher field than those of trifluoromethyl groups lo-

Tab. 1 1,3-Dipolar cycloadditions df, 6, 12, and16 with 3,3,3-trifluoropropinyl-benzen&)

Azide Reaction Yield Ratio of the 19F NMR data of the productg/ppm)
time (h)  (%)3 isomeric products 5-GF 4-GF

1 14 79 3: 4=1:1.6 -55.53) —-59.24

6 19 78 8: 7=1:15 -56.29) —59.77)

12 13 82 13:14=1:1.4 -55.513) —58.91¢)

16 10 83 18:17=1:15 -55.518) —59.01()

8 After column chromatographic separation
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cated in 5-position [18]. The same applies to all pairs ofScheme 1). Simultaneous transesterification of acetyl
regioisomers described in this paper (Table 1). Moreoand carbamoyl groups is possible with boiling Zemplén
ver, the structures of the crystalline 4-trifluoromethyl reagent. Thus, the crystalline 1-(Z8ethylidenef-D-
isomers4 (Fig. 1) and? (Fig. 2) could be confirmed by gulopyranosyl)-5-trifluoromethyl-4-phenyl-1,2,3-tria-
X-ray analyses. The Puckering parameters (Q = 0.5250le (L1) was generated frod0 after 10 h in 81% yield
A, 8 =19.0°,¢ = 342°) indicate a conformation bet- (Scheme 1). 1-(6-Deoxy-1,2:3,4-@Hsopropylidene-
ween an ideatC,;-chair, an®E-half boat and aRHs-  a-D-galactopyranos-6-yl)-4-trifluoromethyl-5-phenyl-
half chair conformation for thg-D-gulopyranosyl rest  1,2,3-triazole 14) was deacetalated with 60% aqueous
of 7. X-ray analyses of two other gulose derivativestrifluoroacetic acid (TFA) at room temperature. After
shown similar structures [20]. 3 h, 1-(6-deoxyp-galactopyranos-6-yl)-4-trifluorome-
! thyl-5-phenyl-1,2,3-triazolel) was isolated in quan-

titative yield (Scheme 2).

Because a trichloroethylidene group is acid-stable,
deacetalation of the-gulose derivativeg, 8, 17, and
18 occurs only after conversion of this group into an
ethylidene acetal. On heating 6f8, 17, and18, re-
spectively, with tributylstannane/AIBN in toluene for
1.5-3.5 h, the ethylidene derivativ&slL0, 19, and20,
respectively, were isolated in yields of 90-97% [25]
(Scheme 1 and 2); for previous applications of this pro-
cedure see.g. ref. [26, 27]. An ethylidene group may
be cleaved by treatment of the acetals with TFA; see
e.g. ref. [27]. However, the test to remove selectively
the ethylidene group of compouhtiby treatment with
TFA at 50 °C was not successful. The glycosidic bond
Fig. 1 X-ray structure of 1-(2,3,4,6-tet@-acetyl3-D-galac-  was also cleaved under these reaction conditions; con-
topyranosyl)-4-trifluoromethyl-5-phenyl-1,2,3-triazolé),(  cerning this see also ref. [8—10, 28].
30% probability of the terminal ellipsoids

Experimental

Column chromatography: Silica Gel 60 (63—206,
Merck); thin-layer chromatography (TLC): Silica Gel foils
60 F5, (Merck). NMR spectra: Bruker AC 250 equipment,
IH NMR and3C(*H) NMR referred to TMS. Melting points:
Polarizing microscope Leitz (Laborlux 12 Pol) equipped with
a hot stage (Mettler FP 90).

Details of the Crystal Structure Analysis: For the X-ray
structure determination crystals4fnd7 were checked by
rotational photographs and suitable reduced cells were found
by the automatic cell determination routine. The data collec-
tions were performed in routiree-scan, the structures were
solved by direct methods (Siemens SHELXTL, Vers. 5.10
SGI/IRIX 5.3 for4 and Vers. 5.03 MS-DOS faf) and re-
aoys 236,22 2 coroethyideneB o guomraosl (1) o e et Dt o S
4-trifluormethyl-5-phenyl-1,2,3-triazoler), 30% probabili- drogen atoms were refined anisotropically. The H-atoms were
ty of the terminal ellipsoids. put into theoretical positions and refined using the riding
model. Diffractometer: Siemens P4; radiatidr: 0.71073 A

0-K ) with graphite monochromator.

Deprotection of the sugar moietie¥vell-known meth-

ods of _carbohydrgte chemistry were ysed to genera Further details fo#: Crystal size: 0.76 x 0.66 x 0.44 rfim
1,2,3-triazoles which are connected witheprotected (5 mula: GsH4FsN=Og; formula weight: 543.45; tempera-
carbohydrate rest. Thus, 1-(2,3,4,6-télr@cetyl3-D-  tyre: 293(2) K; crystal system: monoclinic; space group: P2
galactopyranosyl)-4-trifluoromethyl-5-phenyl-1,2,3-tri- unit cell dimensions: a = 9.6260(10) A, b = 9.511(1) A, ¢ =
azole @) was deacetylated by Zemplén reagent. Thel4.591(1) A, =106.19(1); volume: 1282.9(2)3AZ = 2;
syrupy 1-(3-D-galactopyranosyl)-4-trifluoromethyl-5- density (calculated): 1.407 Mg#mabsorption coefficient:
phenyl-1,2,3-triazoleq), isolated in quantitative yield 0.122 mm?; F(000): 564@ range for data collection: 2.20 to
after a reaction time of 7 h, crystallized from acetone22.00° index ranges: -10< =h <=10;-10<=k<=10,-15
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New Trifluoromethyl Substituted 1,2,3-Triazoles Linket&alactose and-Gulose FULL PAPER

< =< =15; reflections collected: 3582; independent reflecphenyl-H), 5.77 (dd, 1HJ;_o.q = 9.2,35_1y/3.4 =10.1, 2-H),

tions: 3142, R(int) = 0.0199; completenessAc= 22.00°,  5.60 (d, 1H, 1-H), 5.38 (dd, 1Fl3 4.1y = 3.3, 34 py5.n= 1.2,

99.9% ; data/restraints/parameters: 3142/1/343; goodness-8fH), 5.07 (dd, 1H, 3-H), 4.11 (dd, 1RJ)s.yen= 8.4,

fit on F% 1.048; final R indices [I>&(1)]: R1 = 0.0462; WR2  2Js.n6-n=11.9, 6-H), 4.05 (dd, 1H”J)s /5.4 = 4.6, 6'-H), 4.02

= 0.1271; R indices (all data): R1 = 0.0479; wR2 = 0.1293;(ddd, 1H, 5-H), 2.05 (s, 3H, acetyl-GK12.02 (s, 3H, acetyl-

largest diff. peak and hole: 0.408/-0.228%/A CHg), 1.95 (s, 3H, acetyl-C}), 1.87 (s, 3H, acetyl-C}jl. —

Further details fo77: Crystal size: 0.62 x 0.60 x 0.57 fym 3C{'H} NMR (75.5 MHz, CDC}): dppm = 170.2, 169.9,

formula: GgH,gCl3FsN,O;; formula weight: 671.87; temper- 169.8, 168.4 (4 acetyl-CO), 138.6 kiazole c-5/F-a8,c= 1.9,

ature: 293(2) K; crystal system: orthorhombic; space grouptriazole C-5), 137.2 (Fiazole c-4/F-ap,c= 38.2, triazole C-

P2,2,2,; unit cell dimensions: a = 10.203(2) A, b = 4),130.8,130.4, 128.6 (5 phenyl-CH), 123.8 (phenyl-C), 120.5

13.665(3)A, c = 22.587(5)A; volume: 3149.2(113 K = 4; (0, Ycrarapc= 269.0, Ch), 85.6 (C-1), 74.0, 71.1, 66.9,

density (calculated): 1.417MgAmabsorption coefficient: 66.7 (C-2,3,4,5), 61.3 (C-6), 20.6, 20.5, 20.4, 20.2 (4 acetyl-

0.357mm; F(000): 13840 range for data collection: 1.80 CHg). —1%F{H} NMR (235.4 MHz, CDC}): dppm =-59.2

to 22.00°; index ranges: —10 < = h < = 10; —14 < = k < = 14(CF).

—23 < = | < = 23; reflections collected: 4391; independentC,3H,4F3N30y Caled.: C 50.83 H4.45 N 7.73

reflections: 3828, R (int) = 0.0294; completenes©te  (543.5) Found: C 50.75 H 4.55 N 7.65.

22.00°, 99.9%; data/restraints/parameters: 3828/0/401; good-

ness-of fit on £ 1.019; final R indices [1>&(1)]: R1=0.0543;  1-(B-D-Galactopyranosyl)-4-trifluoromethyl-5-phenyl-1,2,3-

wR2 = 0.1289; R indices (all data): R1 = 0.0781; wR2 =triazole(5)

e e e e S0Uon o (10, 164 o) n 19 methanaic sodium

strﬁctureg hgve been de osited%vith the Cambridge Crvst methoxide (30 ml) was stirred for 7 h atr.t., and subsequently

lographic Data Centre gs supplementary publigationyno eutralized with an acidic ion exchanger resin (Amberlite IR-
; 120). After evaporation of the solvent under reduced pres-

CCDC-139500 (4) and CCDC-139501 (7). Copies of the qati?;ure, the residue was recrystallized from acetone yielding

can be obtained, free of charge on application to The D|reco_69 g (100%) 086, [a]24—2.9 (MeOH, ¢ = 1.00). On heat-

tor; CCDC; 12 Union Road, Cambridge CB2 1EZ, UK, (fax: ing decomposition was observed above 110 °84 NMR

Int.code + (1223) 336-033; e-mail: deposi'f@ccdc.cam.ac.uk)(250 MHz, CROD): &ppm = 7.51—7.65 (m, 5H, phenyl-H)

1-(2,3,4,6-Tetra-O-acetyB-D-galactopyranosyl)-5-trifluoro- ~ 5.60 (d, 1H3J, py5.14= 9.2, 1-H), 4.65 (dd, 1HJ,.1y3.4= 9.5,
methyl-4-phenyl-1,2,3-triazolg8) and 1-(2,3,4,6-tetra-O-  2-H), 3.89 (dd, 1H3J3 yys.y= 3.3,304.py5.4= 1.0, 4-H), 3.81
acetyl3-D-galactopyranosyl)-4-trifluoromethyl-5-phenyl-  (dd, 1H,3Js 6.4 = 7.5,2J5 ey = 11.9, 6-H), 3.70 (dd, 1H,
1,213_triazo|e(4) 3‘J5-H/6'-H: 42, 6'-H), 3.61 (ddd, 1H, 5-H), 3.53 (dd, lH, 3-

_ H). —13C{1H} NMR (75.5 MHz, CD;OD): dppm = 132.0,
A solution of 2,3,4,6-tetr®-acetyl5-D-galactopyranosyl 131 3,130.1 (phenyl-CH), 125.3 (phenyl-C), 87.9 (C-1), 80.3,
azide () (1.12 g, 3.0 mmol) and 3,3,3-trifluoropropinyl-ben- 75 6 70.4, 70.0 (C-2,3,4,5), 62.6 (C-6)1%F{1H} NMR
zene ) [23] (0.68 g, 4.0 mmol) in 15 ml of toluene were (235 4 MHz, CQROD): dppm = —56.5 (CB.
refluxed for 14 h under argon atmosphere. After the mixturec, H, F.N,O, Calcd.: C 48.01 H 4.30 N 11.20
was concentrated under reduced pressure, the two regioisgs7s 3) Found: C 48.20 H 4.50 N 10.82.
mers were isolated from the residue by column chromato-
graphic separation (toluene/EtOAc 10 : 1 v/v). Yoleld szfom'1—[6-O-Acetyl—4-O-cycIohexylcarbamoyl—z,3-O—(2,2,2—
pound 3: 0.49 g (30%R; = 0.17;mp. 141-143 °C; ] trichloroethylidene)B-n-gulopyranosyl]-4-trifluoromethyl-
—11.1 (CHC}, ¢ = 1.01), czc())mpound: 0.80 g (49%)R = 5_phenyl-1,2,3-triazolé7) and 1-[6-O-acetyl-4-O-cycio-
0.113,m.p. 114-115 °C; §]5°-9.1 (CHC}, ¢ = 1.01). hexylcarbamoyl-2,3-0-(2,2,2-trichloroethyliden8¥®-gu-
3. 1H NMR (250 MHz, CDCY): dppm = 7.57—-7.65 (m, 2H, lopyranosyl]-5-trifluoromethyl-4-phenyl-1,2,3-triazo(@)
phenyl-H), 7.41-7.49 (m, 3H, phenyl-H), 6.14 (dd, 1H,
331 on = 9.1,30, 3.1 = 10.1, 2-H), 5.87 (d, 1H, 1-H), 5.54 A solution of the azid® (1.51 g, 3.0 mmol) and 3,3,3-tri-
(dd, 1H,3J3. 4.4 = 3.4, 4-H), 5.27 (dd, 1H, 3-H), 4.09-4.27 fluoropropinyl-benzen& [23] (0.68 g, 4.0 mmol) in toluene
(m, 3H, 5-H, 6-H, 6'-H), 2.20 (s, 3H, acetyl-@H2.04 (s, (15 ml) was refluxed for 19 h under argon atmosphere. After
3H, acetyl-CH), 2.02 (s, 3H, acetyl-C§), 1.92 (s, 3H, the mixture was concentrated under reduced pressure, the two
acetyl-CH). —13C{H} NMR (75.5 MHz, CDC}): dppm = regioisomers®) and ) were isolated from the residue by
170.3, 170.1, 169.9, 168.4 (4 acetyl-CO), 148.9 (triazole Ccolumn chromatographic separation (toluene/EtOAc 40 : 1
4), 129.6, 129.1, 128.4, 128.3, 128.1 (phenyl-C), 123.6 (qv/V). Yield of compound7 0.95 g (47%)R; = 0.14; mp.
2} iazole c-5IE-AB.CS 40.8, triazole C-5), 120.0 (flcrgrapc  161-162 °C; @] —59.7 (CHC), ¢ = 0.94); yield 0B 1),
= 269.5, CF), 86.3 (C-1), 74.0, 71.3, 66.9, 66.8 (C-2,3,4,5), 0.62 g (31%)R; = 0.17.
61.2 (C-6), 20.5, 20.4, 20.3 (acetyl-QH- 19F{1H} NMR  7:H NMR (250 MHz, CDC}): dppm = 7.44-7.67 (m, 5H,

(235.4 MHz, CDC)): &ppm = —55.5 (C§. phenyl-H), 5.68 (dd, 1HJy 1yo.4= 8.2,33; 1y3.4= 5.3, 2-H),
CyaH4FsN3Og Caled.: C50.83 H 4.45 N 7.73 5.27 (dd, 1H3J3 4.y = 2.5,30 5.4 = 1.7, 4-H), 5.23 (s, 1H,
(543.5) Found: C 50.77 H 4.44 N 7.88. acetal-H), 5.10 (d, 1H, 1-H), 4.88 (dd, 1H, 3-H), 4.83 (d, 1H,

4: IH NMR (250 MHz, CDCJ): dppm = 7.44—7.62 (m, 5H,  3Jcarbamoyi-NHicyclohexyi-ct 8.1, carbamoyl-NH), 4.23 (dd, 1H,

1) Compound was contaminated by small amounts of the starting material; complete purification by HPLC was not success-
ful. Therefore, a full analytical characterization was carried out only after the reducBoo thfe ethylidene acetaD.
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3J5.16-n = 4.9,235./6n = 11.5, 6-H), 4.15 (dd, 1HJ5 j6.n = 33.2,25.4,24.7 (cyclohexyl-GH 21.4, 20.7 (ethylidene-GH
7.0, 6'-H), 4.07 (ddd, 1H, 5-H), 3.30—3.60 (m, 1H, cyclohexyl-acetyl-CH). —19F{1H} NMR (235.4 MHz, CDC}): dppm =
CH), 2.09 (s, 3H, acetyl-C§{ 1.87-2.02 (m, 2H, cyclohexyl- —59.1 (CF).

CH,), 1.54-1.82 (m, 3H, cyclohexyl-GH 1.06—-1.47 (m, C,gH3,FsN,O; Calcd.:C54.93 H5.50 N 9.85

5H, cyclohexyl-CH). —13C{1H} NMR (62.9 MHz, CDC}): (568.5) Found: C 55.22 H5.66 N 9.62.

dppm =170.2 (acetyl-C=0), 153.4 (carbamoyl-CO), 131.2,

129.9, 129.2, (phenyl-CH), 123.6 (phenyl-C), 106.6 (acetal-1-(6-O-Acetyl-4-O-cyclohexylcarbamoyl-2,3-O-ethylidene-
C),98.2 (-CC)), 82.9(C-1), 76.7, 73.8, 73.5, 65.4 (C-2,3,4,5), B-D-gulopyranosyl)-5-trifluoromethyl-4-phenyl-1,2,3-tri-
62.0 (C-6), 50.4 (cyclohexyl-CH), 33.1, 25.4, 24.7 (cyclo- azole(10)

hexyl-CH,), 20.7 (acetyl-Ch). —19F{1H} NMR (235.4 MHz,

. —_ The trichloroethylidene moiety & (0.67 g, 1.0 mmol) was
gDﬁ Ig)da,? F,)\Imo Cglgc.é '(2546 48 H4.20 NB8.34 hydrodechlorinated with B&nH/AIBN as described for com-
(62761_23) T ound: C 4655 H420 N 826 pound9 (reaction time 2 h). After column chromatographic

8: 1H NMR (250 MHz, CDCJ): &lppm = 7.57—7.68 (m, 2H. purification & = 0.29,.toluene/EtOAc =9:1 v/v),. 0.53 g
phenyI—H),(7.41—7.51 (rr?,!)SH?%henyl-H), 5.90 ((dd, 1H, (93%) of 10 was obtained as an amorphous soli

-51.1 (CH = 1.01). 'H NMR (2 :
3y o= 79,30y = 5.4, 2-H), 5.67 (d, 1H, 1-H), 5.59 5/5ppm (:C7 %_C? o (Om)2H phenyl_(H)507 'Zf'?_z’? ig%n) o
(5, 1H, acetalH), 5.35 (Ad, 1By yey= 2.5, Xars= 16, ponyi 1y 560 (d, 1M p= 8.4, 1-H), 5.60 (0, 1H,
4-H), 4;9881(dd, t}H, 3-IH)' 377, Tocarbamoywioyco 3Jacetal-Hrethylidene-cH¥ 5.0, acetal-H), 5.51 (dd, 1Pl 3=
hexyl-cH = 8.1, carbamoyl-NH), 4.08-4.26 (m, 3H, 5-H, 6-H, 4.6, 2-H), 5.27 (dd. 1FE) ~26.3] <16, 4-H)
6'-H), 3.32—3.58 (m, 1H, cyclohexyl-CH), 2.07 (s, 3H,acetyl-4'853 4 1H5] : 3-H/4-H =g i-H/S-Hb | oVINE!
CHy), 1.83-2.03 (m, 2H, cyclohexyl-GH1.51-1.80 (m, 3H, 483 (& TH3caamoyitycycionexy.c= 8.1, carbamoyl-NH),
9), 1.83-2.03 (m, 2H, cyclohexyl GH1.51-1.80(m, 3H, ;"5 (144111, 3-H), 4.32 (ddd, 1Pl sye = 4.1,3s 1y =
cyclohexyl-CH), 1.03—1.45 (m, 5H, cyclohexyl- GH — 242 (dd, 1H, 3-H), 4.32 (ddd, 1Plls 1.1 = 4.1, 5.6 =
13yC{1H} I\lyMR (6’2 9 MHZ CDC!}j 5/ ' r%/ = 170y4 (acet I_ 80, 5'H), 426 (dd, 1l_|29J6-H/6'-H :11.7, 6'H), 419 (dd, 1H,
' | ’ g y y 6'-H), 3.30—-3.64 (m, 1H, cyclohexyl-CH), 2.05 (s, 3H, acetyl-
CO), 153.4 (carbamoyl-CO), 129.7, 129.1, 128.6, (phenyI-CH) 1.85-2.01 (m, 2H, cyclohexyl-G} 1.52—1.80 (m
CH), 128.2 (phenyl-C), 106.8 (acetal-C), 98.4 (-C84.8 3H3<’:yc.lohexyI-CIj) ' 37 d, 3H ethyliderie-cam.l 0d
(C-1), 76.1, 73.2, 7L, 65.6 (C-2,3.4,5), 618 (C-6), 503 (cy3 1o ¥ A1y o e O ) NMIR (650 Mbis
cIohexyi—gCl—Il), 33.1, 25.4, 24.7 (cyclohexyl-@H20.6 (acetyl- C.DCIg):,élpp,m ~1706 (ace'.[yI-CO) 153.8 (carbémoyl-éO)
&Hg))" F{IH} NMR (235.4 MHz, CDCY): dlppm =-56.2 15471591, 128.5, (phenyl-CH). 123.6 (phenyl-C), 103.0
3): (acetal-C), 84.5 (C-1), 74.0, 73.9, 71.3, 66.4 (C-2,3,4,5), 62.1
1-(6-O-Acetyl-4-O-cyclohexylcarbamoyl-2,3-O-ethylidene- (C-6), 50.2 (cyclohexyl-CH), 33.1, 25.3, 24.7 (%/Ckl?heXW'
B-D-gulopyranosyl)-4-trifluoromethyl-5-phenyl-1,2,3-tri- CHy), 21.5, 20.6 (ethylidene-CGjHacetyl-CH). — 19F{1H}
azole(9) NMR (235.4 MHz, CDC)): d/ppm =-56.3 (C§).

. C26H31F3N407 Calcd.: C54.93 H5.50 N 9.85
A solution of7 (0.67 g, 1.0 mmol), nH (0.92 ml, .
3.5 mmol) and AIBN (10 mg, 0,06 m?néfl) in dry toluene (568.5) Found: C 55.27 H5.33 N 9.71.
(10 ml) was heated at 75 °C under stirring (Ar atmosphere)y o o ~_ ; ) B _tri )
When the reaction was finished (1.5 h, TLC control) the Soi-ézﬁgn(;l-EtgyéliﬁgﬁIEél?L; lopyranosyl)-5-trifiuoromethyl
lution was cooled down and was shaken with 30% aq KF "
(5 ml) for 45 min. BYSnF precipitated and was removed by A solution of compound0 (1.14 g, 2.0 mmol) in 1% metha-
filtration. Subsequently, the organic phase was separatedplic sodium methoxide (10 ml) was heated for 10 h under
washed with 3% aq. NaHS@5 ml) and twice with water reflux (TLC control). The mixture was cooled down, neutral-
(5 ml), dried (MgSQ), and concentrated under reduced pres-ized with an acidic ion exchanger (Amberlite IR 120), fil-
sure. The residue was purified by column chromatographyered, and the filtration residue was washed twice with metha-
(R = 0.27, toluene/EtOAc = 9 : 1 v/v). Yield 0.54 g (95%), nol (10 ml). The combined methanolic solutions were con-
m.p. 145-147 °Ci(PrOH), [a] £3—93.1 (CHC}, c = 1.11).—  centrated under reduced pressure and the crude proHuct
I1H NMR (250 MHz, CDC}): dppm = 7.37-7.64 (m, 5H, obtained was purified by column chromatogragRy<0.15,
phenyl-H), 5.35 (dd, 1HJ; jo.q= 8.4,3)5.3.u= 4.7, 2-H),  toluene/EtOAc = 2 : 1 v/v). Yield dfl: 0.65 g (81%)m.p.
5.25 (q, 1HngacetaI-H/ethylidene-CHf 4.9, acetaI-H), 5.17 (dd, 155°C, b] D24_71-0 (CHCia c= 1'10)' <HNMR (250 MHz,
1H, 3~J3-H/4-H: 2.6,3J4.H/5.H: 1.5, 4-H), 5.07 (d, 1H, l-H), CDC'g) 5/ppm =7.51-7.59 (m, 2H, phenyI—H), 7.41-7.50
4.82 (d, 1H3Jcarbamoyi-NHicyclohexyl-ci 7-9, carbamoyl-NH),  (m, 3H, phenyl-H), 5.63 (d, 1HJy.1y,. = 8.3, 1-H), 5.59 (q,
4.31 (dd, 1H, 3-H), 4.22 (dd, 1”)s. 6.4 = 5.1,20gm6-n=  1H, 3Jacetal-Hrethylidene-chs5.0, acetal-H), 5.50 (dd, 1H,
11.7, 6-H), 4.14 (dd, 1R)s.ye-n = 1.4, 6'-H), 4.04 (ddd, 1H, 3X-nzn= 4.7, 2-H), 4.46 (dd, 1H)3. 444 =2.5, 3-H), 4.26
5-H), 3.30—3.62 (m, 1H, cyclohexyl-CH), 2.08 (s, 3H, acetyl-(dd, 1H,3J4 y5.n= 1.5, 4-H), 4.00 (ddd, 1HJ5 ye.n= 3.7,
CHg), 1.87-2.02 (m, 2H, cyclohexyl-GH 1.52—-1.80 (m, 3Js6-n= 5.2, 5-H), 3.86-3.94 (m, 2H, 6-H, 6'-H), 1.37 (d,
3H, cyclohexyl-CH), 1.26 (d, 3H, ethylidene-G}{ 1.06—  3H, ethylidene-Ch). —13C{1H} NMR (62.9 MHz, CDC}):
1.48 (m, 5H, cyclohexyl-Ch). —13C{1H} NMR (75.5 MHz, dppm = 129.7, 129.2, 128.5, (phenyl-CH), 128.2 (phenyl-
CDCly): dlppm =170.3 (acetyl-CO), 153.8 (carbamoyl-CO), C), 102.9 (acetal-C), 85.3 (C-1), 76.3, 76.3, 71.5, 67.3 (C-
139.1 (93Jriazole c-5/F-aB,c= 2.1, triazole C-5), 136.3 (&ki- 2,3,4,5),62.7 (C-6), 21.6, (ethylidene-gH-19F{1H} NMR
azole C-4/F-A B,c= 38.0, triazole C-4), 130.9, 129.8, 129.0, (phe- (235.4 MHz, CDCJ): dppm =-56.1 (C§.
nyl-CH), 123.8 (phenyl-C), 102.6 (acetal-C), 82.6 (C-1), 73.9,C;;H,gFsN3O5 Calcd.: C 50.88 H 4.52 N 10.47
73.5,71.6,66.3 (C-2,3,4,5), 62.4 (C-6), 50.3 (cyclohexyl-CH),(401.3) Found: C 50.90 H 4.49 N 10.35.
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1-(6-Deoxy-1,2:3,4-di-O-isopropylideree-b-galactopyran-
0s-6-yl)-5-trifluoromethyl-4-phenyl-1,2,3-triazqlE3) and1-
(6-deoxy-1,2:3,4-di-O-isopropylidere-b-galactopyranos-
6-yl)-4-trifluoromethyl-5-phenyl-1,2,3-triazol@ 4)

A solution of the azidé2[1] (0.86 g, 3.0 mmol) and 3,3,3-
trifluoropropinyl-benzen [23] (0.68 g, 4.0 mmol) in tolu-

51.9 (C-6). 29F{1H} NMR (235.4 MHz, DMSO-¢): dppm
=-54.8 (Ch).

CysH16F3sN3O5 Caled.: C 48.01 H 4.30 N 11.20
(375.3) Found: C 48.25 H 4.49 N 10.92.

1-[Methyl 4-O-cyclohexylcarbamoyl-6-deoxy-2,3-0-(2,2,2-

ene (15 ml) was refluxed for 13 h under argon atmospherdfichloroethylidene)s-p-gulopyranos-6-yl]-4-trifluorome-

After the mixture was concentrated under reduced pressur
the two regioisomer3 and14 were isolated from the resi-

thyl-5-phenyl-1,2,3-triazol€17) and 1-[methyl 4-O-cyclo-
hexylcarbamoyl-6-deoxy-2,3-0-(2,2,2-trichloroethylidene)-

due by column chromatographic separation (toluene/EtOAd-D-gulopyranos-6-yl]-5-trifluoromethyl-4-phenyl-1,2,3-tri-

40 : 1 v/v). Yield of syrupy compouriB: 0.46 g (34%)R; =
0.19, [o] 2 —47.4 (CHC], c = 0.98); compound4: 0.66 g
(48%),R; = 0.16;m.p. 88—90 °C, §]$2—-59.7 (CHC}, ¢ =
1.33).

13 1H NMR (250 MHz, CDC}): dppm = 7.98-8.08 (m,
2H, phenyl-H), 7.78-7.88 (m, 3H, phenyl-H), 5.48 (d, 1H,
3‘J1-H/2-H: 51, l-H), 4.75 (dd, 1HSPJ5-H/6-H: 8'012‘J6-H/6'-H:
14.1, 6-H), 4.68 (dd, 1HJs 5.4 = 5.5, 6'-H), 4.67 (dd, 1H,
B‘JZ-H/B-H = 3-013‘J3-H/4-H =77, 3-H), 4.45 (ddd, lHJ4_H/5_H:
2.0, 5-H), 4.33 (dd, 1H, 2-H), 4.30 (dd, 1H, 4-H), 1.51 (s, 3H
isopropylidene-CH), 1.46 (s, 3H, isopropylidene-G}11.36

(s, 3H, isopropylidene-C}), 1.28 (s, 3H, isopropylidene-
CH,). —13C{1H} NMR (75.5 MHz, CDC}): dppm = 129.2,
129.0, 128.4 (phenyl-CH), 110.1, 109.1 (2 ketal-C), 96.2 (C
1), 71.1, 71.0, 70.4 (C-2,3,4), 67.0 (C-5), 50.7 (C-6), 25.9
25.8, 24.9, 24.6 (4 isopropylidene-gH- 19F{1H} NMR
(235.4 MHz, CDCJ): dppm = —-55.5 (C§).

C,H4F3N3;O5 Caled.: C 55.38 H 5.32 N 9.22

(455.4) Found: C 55.53 H5.25 N 9.05.

14: IH NMR (250 MHz, CDCYJ): dlppm = 7.39-7.52 (m,
5H, phenyl-H), 5.42 (d, 1HJ, = 4.9, 1-H), 4.62 (dd,
1H, B‘JZ-H/B-H: 2'713‘J3-H/4-H: 79, 3-H), 4.51 (ddd, 1H,
3‘J4-H/5-H = 2-113‘J5-H/6-H = 5-813‘J5-H/6'-H =7.3, 5-H), 4.31-4.37
(m, 2H, 6-H, 6'-H), 4.30 (dd, 1H, 2-H), 4.17 (dd, 1H, 4-H),
1.49 (s, 3H, isopropylidene-GH 1.28 (s, 3H, isopropyli-
dene-CH), 1.27 (s, 3H, isopropylidene-GH 1.27 (s, 3H,
isopropylidene-Ch). —13C{1H} NMR (75.5 MHz, CDC}):
dppm =130.2, 130.2, 128.6 (phenyl-CH), 124.7 (phenyl-C),

109.9, 109.3 (2 ketal-C), 96.1 (C-1), 71.1, 70.9, 70.4 (C-2,3,4)

67.1 (C-5), 48.1 (C-6), 25.9, 25.8, 24.9, 24.6 (4 isopropyli-
dene-CH). —19F{1H} NMR (235.4 MHz, CDC}): dppm =
-58.9 (CR).

CyH,4F3N3O5 Caled.: € 55.38 H 5.32 N 9.22

(455.4) Found: C 55.60 H5.10 N 8.99.

1-(6-Deoxyp-galactopyranos-6-yl)-4-trifluoromethyl-5-phe-
nyl-1,2,3-triazolg(15)

A solution 0f14 (0.45 g, 1.0 mmol) in 60% ag. TFA (10 ml)

azole(18)

A solution of methyl 6-azido-8-cyclohexylcarbamoyl-6-
deoxy-2,30-(2,2,2-trichloroethylidene3-D-gulopyranoside

16 [22] (1.42 g, 3.0 mmol) and 3,3,3-trifluoropropinyl-ben-
zene? [23] (0.68 g, 4.0 mmol) in toluene (15 ml) was reflux-
ed for 10 h under argon atmosphere. After the mixture was
concentrated under reduced pressure, the two regioisomers
17 and18were isolated from the residue by column chroma-
tographic separation (toluene/EtOAc 40 : 1 v/v). Yield bf
0.97 g (50%)R; = 0.22;m.p. 140-142 °C, ¢ —41.8
(CHCl;, ¢ = 0.97); isomer 18: 0.64 g (33%R,= 0.25;m.p.
146-148 °C, ] 73 —46.8 (CHCJ, ¢ = 1.00).

17: I1H NMR (250 MHz, CDCYJ): dlppm = 7.48-7.56 (m,

3H, phenyl-H), 7.36—7.43 (m, 2H, phenyl-H), 5.45 (s, 1H,
,acetal'H, 5.20 (dd, 1H;’J3-H/4-H: 2'573‘J4-H/5-H: 15, 4-H),
4.65 (dd, 1H3J, 3.4 = 5.3, 3-H), 4.59 (d, 1HJcarbamoyl-NH/
cyclohexyl-CH™ 8.2, carbamoyI—NH), 4.55 (ddd, 1pﬂ5-H/6-H:
3-3,3\J5-H/6'-H: 10.1, 5-H), 4.42 (dd, 1HZ,J5.H/5-.H: 14.2, 6-
H), 4.32 (dd, 1H3J;.1y2-1= 6.8, 2-H), 4.25 (d, 1H, 1-H), 4.21
(dd, 1H, 6'-H), 3.32-3.43 (m, 1H, cyclohexyl-CH), 3.31 (s,
3H, OMe), 1.80—1.93 (m, 2H, cyclohexyl-G}11.48—-1.78
(m, 3H, cyclohexyl-CH), 1.05-1.46 (m, 5H, cyclohexyl-
CHy). —13C{1H} NMR (75.5 MHz, CDC}): dppm = 153.6
(carbamoyl-CO), 138.4 (GJriazole-cs/F-ap,.c= 2.0, triazole-
C5), 135.9 (9Jriazole-ca/F-ap.c= 38.2, triazole-C4), 130.6,
129.9, 129.0 (phenyl-CH), 124.3 (phenyl-C), 120.8 (q,
l‘JCFS/F-A,B,C: 268.7, CE), 106.7 (acetaI-C), 101.7 (C-l), 98.8
(CCly), 76.8, 76.6, 71.0, 66.4 (C-2,3,4,5), 56.9 (MeO), 50.2
(cyclohexyl-CH), 48.1 (C-6), 33.0, 25.3, 24.5 (cyclohexyl-
CH,). —19F{1H} NMR (235.4 MHz, CDC}): dppm =-59.0
(CRy).

C25H28C|3F3N4O6 Calcd.: C 46.64 H 4.38 N 8.70

(643.9) Found: C 46.57 H 4.29 N 8.69.

18 1H NMR (250 MHz, CDC)): dppm = 7.68—7.55 (m,
2H, phenyl-H), 7.39-7.53 (m, 3H, phenyl-H), 5.47 (s, 1H,
acetal'H), 5.31 (dd, 1H;)J3-H/4-H: 2'613‘J4-H/5-H: 16, 4-H),
4.88 (d, 1H,BJcarbamoyI-NH/cyclohexyI-CH-: 8-0, Carbam0y|-NH),
4.74 (dd, 1|_p‘J5-H/6-H: 4-212‘J6-H/6'-H :14.2, 6-H), 4.74 (dd,

was stirred at r.t. When the deacetalation was complete aftdH, 3J,.1y3.1= 5.2, 3-H), 4.67 (dd, 1HJ5.16-.1 = 8.8, 6'-H),

about 3 h (TLC control with CHgMeOH = 5:1 viv,R =

4.51 (ddd, 1H, 5-H), 4.40 (dd, 1Bly.py= 7.1, 2-H), 4.30

0.34), 10 ml of water was added and the mixture was concerfd, 1H, 1-H), 3.43-3.58 (m, 1H, cyclohexyl-CH), 3.36 (s,
trated under reduced pressure. To remove remainders of TF3H, OMe), 1.86—-2.02 (m, 2H, cyclohexyl-g}1.52-1.82
and HO, the residue was dissolved in toluene (5 ml) and thém, 3H, cyclohexyl-CH), 1.05-1.46 (m, 5H, cyclohexyl-

solution was concentrated under reduced pressure. After re

EHs). —13C{1H} NMR (75.5 MHz, CDCE): d/ppm = 153.7

etition of this procedure the residue was crystallized from(carbamoyl-CO), 129.5, 128.9, 128.5 (phenyl-CH), 128.7

acetone. Yield 0.38 g (100%in.p. 219 °C (decomp.). —
IH NMR (250 MHz, DMSO-¢): dppm = 7.47-7.64 (m,
5H, phenyl-H). —13C{1H} NMR (75.5 MHz, DMSO-g):
dppm =129.3, 128.8, 128.6 (phenyl-CH), 101.8, 92.6 (C-1)

(phenyl-C), 120.3 (dJcrs/r-ap,c= 269.9, Ck), 106.7 (acetal-
C),101.6 (C-1),98.8 (CQ)l 76.8, 76.6, 71.0, 66.5 (C-2,3,4,5),
56.8 (MeO), 50.5 (C-6), 50.3 (cyclohexyl-CH), 33.1, 25.3,
24.6 (cyclohexyl-CH). —19F{1H} NMR (235.4 MHz, CDC}):

82.4,81.9,75.9,69.5,69.3, 68.8, 68.5, 68.3 (C-2,3,4,5), 54.@/ppm =-55.5 (C§.
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C,sH,4Cl3FN,Of Caled.: C 46.64 H 4.38 N 8.70
(643.9) Found: C 46.87 H 4.38 N 8.58.

50.2 (C-6), 33.1, 25.4, 24.7 (cyclohexyl-gH21.5 (ethy-
lidene-CH). — 19F{1H} NMR (235.4 MHz, CDC}): dippm

=-55.4 (Ch).
1-(Methyl 4-O-cyclohexylcarbamoyl-6-deoxy-2,3-O-ethyli- C,sH3,F3N4Og Calcd.: C 55.55 H 5.78 N 10.36

denegf-D-gulopyranos-6-yl)-4-trifluoromethyl-5-phenyl- (540.5) Found: C 55.65 H5.72 N 10.22.
1,2,3-triazole(19)

1-[Methyl 4-O-cyclohexylcarbamoyl-6-deoxy-23-(2,2,2-

trichloroethylidene)B-D-gulopyranos-6-yl]-4-trifluorome- References

thyl-5-phenyl-1,2,3-triazolel) (0.64 g, 1.0 mmol) was hy- [1] Part 26.: Chr. Hager, R. Miethchen, H. Reinke, J. Fluorine

drodechlorinated with BSnH/AIBN as described for com-
pound9 (reaction time 2.5 h). After column chromatographic 2]
purification | = 0.25, toluene/EtOAc = 9 : 1 v/v), 0.52 ¢
(97%) of the crystalline produtt® were obtainedn.p. 106 —
108 °C (-PrOH), [a] 2 —44.9 (CHCJ, ¢ = 0.98). *H NMR
(250 MHz, CDC}): dppm = 7.34—7.56 (m, 5H, phenyl-H),
5.42 (q, lH,3~Jacetal-H/ethylidene-CH§ 5.0, acetal-H), 5.08 (dd,
1H, 3‘J3-H/4-H: 25, 3~J4-H/5-H: 1.5, 4-H), 4.60 (d, 1H,
3‘Jcarbamoyl-NH/cyclohexyl-Cﬁ 8.2, carbamoyl-NH), 4.50 (ddd, 1H,
3J5-H/6-H = 3-413‘J5-H/6'-H =10.0, 5-H), 471 (dd, lHJG-H/G'-H: [7]
14.0, 6-H), 4.24 (dd, 1H, 6'-H), 4.22 (d, Bd-pyp-n=7.2, 1-

H), 4.13 (dd, 1H3J2y3.4= 5.1, 3-H), 3.99 (dd, 1H, 2-H), [g]
3.29 (s, 3H, Me0), 3.25-3.46 (m, 1H, cyclohexyl-CH), 1.48— [9]
1.80 (m, 5H, cyclohexyl-Chj, 1.30 (d, 3H, ethylidene-Gjj{ [10]
1.00-1.44 (m, 5H, cyclohexyl-Gi —13C{1H} NMR (62.9  [11]
MHz, CDCk): dppm = 153.9 (carbamoyl-CO), 138.3 (q,
3J’[riazole C-5/F-A,B,C~ 1.9, triazole C'5)= 135.8 (aJtriazoIe C-4/F-
aBc = 38.2, triazole C-4), 130.5, 129.9, 129.0 (phenyl-CH),
124.4 (phenyl C) 120.8 (éﬂcpg/p AB,C= 268.6, CE‘) 102.4, 3]
101.4 (acetal-C, C-1), 74.8, 74.2, 71.0, 67.3 (C-2,3,4,5), 56%14
(MeO), 50.1 (cyclohexyl-CH), 48 3 (C-6), 33.0, 25.3, 24.6[15)
(cyclohexyl-CH), 21.4 (ethylidene-CF). — 19F{1H} NMR
(235.4 MHz, CDCJ): dppm =-59.1 (Ch.
CysH34,F3N4Og Caled.: C 55.55 H5.78 N 10.36
(540.5) Found: C 55.46 H5.74 N 10.05.

(12]

(16]

1-(Methyl 4-O-cyclohexylcarbamoyl-6-deoxy-2,3-O-ethyli- [17]
denef-D-gulopyranos-6-yl)-5-trifluoromethyl-4-phenyl-

1,2,3-triazole(20) [18]
1-[Methyl 4-O-cyclohexylcarbamoyl-6-deoxy-23-(2,2,2- [19]
trichloroethylidene)B-D-gulopyranos-6-yl]-5-trifluorome- [20]
thyl-4-phenyl-1,2,3-triazolel@) (0.64 g, 1.0 mmol) was hy- [21]

drodechlorinated with BgsnH/AIBN as described for com-
pound9 (reaction time 3.5 h). After column chromatographic [22]
purification | = 0.28, toluene/EtOAc = 9 : 1 v/v), 0.49 g
(90%) of the crystalline produ@0 were obtainedm.p.
180 °C {-PrOH), [a] 2 —44.0 (CHC}, ¢ = 1.06). 2H NMR
(250 MHz, CDC}): dppm =7.55-7.66 (m, 2H, phenyl-H),
7.40~7.49 (m, 3H, phenyl-H), 5.45 (0, Maeta etyidene: 122
CH3 = 5.0, acetaI-H), 5.20 (dd, 1|3U3-H/4-H: 2.6,3J4_H/5_H:
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