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Abstract
Reactions of acetvlated 1-bromo-1-deoxv-glvcopvranosvl cvanides of B-D-oalacto (2) and g-D-arabino (12)
Keactions of acetylated [-0romo-i-geoxy-glycopyranosyl cyanides or p-D-gaiacto (&) ang o-D-grabmo (12)
confiocurations with silver fluoride in acetonitrile at room temperature gave the corresnonding 1-deoxv-1-flucro-
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and 8, respectively) of retained anomeric configuration. 1-Chloro-1-deoxy-o-D-galactopyranosyl cyanide (11)
aiso gave 7 with siiver fluoride in acetonitrile at refiux temperature. Conformational equiiibria of the 1-deoxy-1-
fluoro-pentopyranosyl cyanides 6, 8, and 13 reflect counteraction of the anomeric effects exerted by the fluorine
and the cyano group. 1-Deoxy-1-fluoro-a-D-galactopyranosyl cyanide proved to be a weak competitive inhibitor
of E. coli B-D-galactosidase (K = 2 mM). © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Retaining glycosidases [1] are known to hydr vith the appear:
the mechanistic pathway of covalent glycosyl-enzyme intermediates [2] which are formed and
decomposed via transition states of substantial oxocarbenium ion character. Destabilization of
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introducing an electron-withdrawing group (EWG) in the vicinity of the positively charged atoms
of the oxocarbenium ion-like intermediate i.e. in any position marked in Figure 1. To this end
several 2-deoxy-2-fluoro mono- [4-6] and disaccharide derivatives [7] (EWG2 = F) were
synthesised and tested against various glycosidases to validate the concept. The 2-fluoro

crthotitniontg nwovunr dicrimt the mact imnartant hindino [R1 hetwaon the an a and thoa 2_NOLI
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group. This was overcome by the mtroduction of a fluorine into the C-5 position [9] (EWGS5 =
F).
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Figure 1

Destabilization of an oxocarbenium ion with the preservation of each binding interaction
between the enzyme and the OH-groups of the saccharide can also be achieved by placing an
electron-withdrawing group at the anomeric position in addition to a good leaving group. To the
ly
compounds of this type which have been subjccted to enzymatic evaluation [11,12]. Therefore,
as part of an ongoing program to synthesise new ihibitors of glycosidases [13], we have set out
to prepare 1-fluoroglycopyranosyl cyanides (EWG1 = CN).
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best of our knowledge 1-fluoroglycopyranosyl fluorides [10] (EWG1 = F) are the or

2. Results

The most commonly used reagent for the preparation of glycosyl fluorides [14-16] from the
corresponding bromides or chlorides is silver fluoride in acetonitrile [17,18]. In these reactions
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fluorides, while with non-participating groups at C-2 inversion takes place at the anomeric centre
[16].

Following the above protocol the easily available 1-bromoglycopyranosyl cyanides [19] 1
[20], 2, 3, and 12 [21] were reacted with two equivalents of silver fluoride in dry acetonitrile at
room temperature. The reactions needed more than two days for completion with the D-galacm
(2) and D-arabino (12) configur
fluorides 5 (90 %) and 13 (79 %), respectively, of inverted anomeric configuration in essentially

pure state (TLC and 'H NMR spectroscopy). On the contrary, the D-gluco (1) and D-xylo (3)
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configurated bromides reacted faster, requiring less than 1 hour for complete transformation of
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elimmation products 9 and 10 [22], respectively, appeared in considerable amounts in the
reaction mixtures (4:9=1:1;6:10=3: 1 by 'H NMR spectroscopy).
In order to obtain the fluorides of opposne anomeric configuration bromides 2 and 3 were
reacted with two equivalents of silver tetrafluoroborate in toluene [23,24] at room temperature to
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atio (H 1\ MR speciroscopy of the crude mixture also showed

the presence of an unidentified by product) from the 1-chlorogalactopyranosyl cyanide 11 [25]
with four equivalents of silver fluoride in acetonitrile. This transformation, however, required
prolonged refluxing of the reaction mixture because there was no change at room temperature

after several dav‘:
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Looking for less expensive substitutes for the silver based reagents, application of ziic
fluoride with or without a,a’-bipyridyl [26] was tried but no reaction occurred. In a phase
transfer catalyzed system consisting of a benzene solution of 12, 50 % aqueous potassium
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Deprotection of 5§ was performed using methanolic ammonia to give 1-deoxy-1-fluoro-a-D-
galactopyranosyl cyanide (14) in order to carry out preliminary enzymatic studies.'

The new fluorides exhibited characteristic 'H-""F couplings in their 'H NMR spectra (Table
2). Those with H-2 were ~10 Hz for 4-6 and 13, and in keeping with literature values 271

= 7. 2 LU 2L Yl L ¥ 4 g G TR L .;wv; Qe visisw

indicated the axial H-equatorial F arrangement. For 7 and 8 these couplings (~20 Hz) agreed
well with the trans diaxial positions of the nuclei involved. Proton coupled 'C NMR spectra
(Table 3) corroborated the above findings by showing larger couplings with H-2 in the CN
resonance for 4-6 and 13 (4-6 Hz) than for 7 and 8 (<2 Hz) [cf 25]. For the pentose derivatives

6, 8 and 13 composition of conformatlonal equilibria (Table 1) was calculated bv using Ja, s
11.6 Hz and . /'4 s¢ = 1.5 Hz as im pcr values for the *C; and 'C; conformers
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3. Discussion

The described methods constitute simple ways for the preparation of the target compounds.
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centre. This indicates that the directing effect of the participating 2-OAc substituent does not

manifest itself here clearly shown by the reaction of 11 giving 7 as the main product. This finding
suggests that an oxocarbenium ion can hardly develop during these processes that can be
ascribed to the presence of the cyano group which would destabilize such intermediates. This is

also in keeping with the fact that hvdroeen bromide elimination was observed onlv in two cases.
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If the reactions proceeded through carbocatiomc intermediates the unsaturated compounds of
type 9 and 10 shouid have appeared in each instance, since it had been shown that siiver triflate
catalyzed elimination of hydrogen bromide could be achieved from each investigated 1-
bromoglycosyl cyanide [22].

All these facts suggest an Sy2 like mechanism which also requires the presence of silver ions
£
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that the reactions proceed through transition states in which the C-i-halogen bonds are
weakened but not broken by complexation with a silver ion and more or less synchronously a
backside attack of the fluoride ion takes place.

The basic fluoride ion can induce E2 elimination of HBr from 1 and 3 having an unhindered H-
2, contrary to 2 and 12 in which H-2 is less accessible due to steric hindrance by the axial 4-OAc

' Compound 14 proved to be a weak competitive inhibitor of £. coli p-D-galactosidase (K; = 2 mM) in an assay carried out as
described before [13]. No inactivation was observed. probably because the leaving ability of fluorine was so strongly decreased by the
presence of the cvano group that formation of a glycosyl-enzyme intermediate became impossible (see also Discussion).
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The outcome of experiments with silver tetrafluoroborate producing axia/ fluorides is in
agreement with literature experiences [23, 24].

Appearance of S 14 couplings of ~2-3 Hz (Table 2) in §, 13, and 14 but not in 4 and 6-8 is in
keeping with literature experiences [27, 32-34] indicating that the fluorine and H-4 are in trans

coplanar relationship to the bond which is the midpoint of the coupling pathway. This is a further

indirect proof of the anomeric configuration of these 1-fluoroglycopyranosyl cyanides.
Conformational equilibria (Table 1) of the 1-fluoropentopyranosyl cyanides 6, 8, and 13 lie

between those of the corresponding pentopyranosyl fluorides and cyanides. This is in accord

with the estimated anomeric effect of the cyano group [29].

4. Conclusion

Reactions of l-chloro- or I-bromoglycopyranosyl cyanides with silver fluoride or silver
tetrafluoroborate represent simple methods for thc preparatlon of both anomers of 1-
anomeric carbon thereby suggesting an Sy2 type substitution supported by elect C
assistance of silver ions. Conformational equilibria of 1-fluoropentopyranosyl cyanides reflect a
balance between anomeric effects exerted by the fluorine and the cyano group.

5. Experimental

Melting points were measured on a Kofler hot-stage and are uncorrected. Optical rotations were
determined with a Perkin-Elmer 241 polarimeter at room temperature. NMR spectra were recorded with a
Bruker WP 200 SY spectrometer ('H, 200 MHz; C, 50.3 MHz). TLC was performed on DC-Alurolle,

Kieseloel 60 F.o; (Merck). (ehient: ethyl acetate—hexanes 1 - 1\ the nlates were visnaliced h\/ atle
\46\415\/1 v ))4 \LVL\alul\j, A A S A S A LTS B S ul PLALWS ViV LIWALLOWAL 1nn.

heating. For cotumn chromatography Kieselgel 60 (Merck) was used (eluent: ethyl acetalc—uexa"xeb 1:3).

Organic solutions were dried over anhydrous MgSQO, and concentrated in vacuo at 40-50°C (water bath).
General procedure A for the reaction of 1-chloro- (11) and 1-bromoglycopyranosyl cyanides (1-3 and

12) with silver fluoride: To a solution of a halo-cyanide (1 mmol) in dry acetonitrile (16 ml) dry silver

fluoride (2 mmol) was added (the addition of the same amount of AgF was repeated in the case of 1 1 after

S Ty e e s oY | o avntiivra (haatad ot raflivwe far 1N h in tha fraca nfF 11

5 ll} and the blepCllbiUll was stirred at room temper € (1€AICA at rénux 101 1V N N Wi €asC O 11

N

dark. After the reaction had reached completion (TL ") the mixture was diluted with chioroform (1
filtered through Celite and concentrated.
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Table 1

a

ntopy lu and cyanide
Compound R! R’ N 'y Solvent Reference
F H 28 72 CDCl, [27]
D-xylo H CN 76 24 CeDs [30]
(85 15)°
6 F CN 33 67 CsDs this work
H F ~100 CDCl; 127]
D-xylo CN H 55 45 CDCl; (31}
(54 46)°
8 CN F 94 6 CeDs this work
H F 65 35 CDCl; 127}
D-arahino CN H 13 87 CeDs [30]
(19 81)°
13 CN F 37 63 CDCl, this work

* Calculated on the basis of Jys couplings using Ji,s» = 11.6 Hz and Jsese = 1.

5 Hz as

limiting values for the *C; and 'C; conformers, respectively, taken from reference [28].
" Calculated on the basis of J;» couplings using ./j,5. = 1.4 Hz and J.2, = 6.2 Hz as

limiting values for the corresponding conformers taken from reference [31].
¢ Values taken from reference [31] calculated on the basis of J; > couplings.
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Table 2
'H NMR spectroscopic data for the 1-fluoroglycopyranosyl cyanides
measured at 200 MHz (3 [ppm], ./ [Hz
H-2 H-3 H-4 H-5 H-6/H-6’
Lompouna .117_’3 ./'3’4 .}45 .75‘(, 1.1’5,(, (H-5/H-5 ’a) Ch i3
(solvent) JF2 Jr3 (Jas®) Jrs Jos
Jra s5")
4 5.42 5.26 5.51 3.88 4.11/3.78 1.47
(CeDs) 9.0 8.3 10.0 4.02.0 i12.8 i.58
10.8 ~] 1.58
1.61
5 5.50 5.17 5.52 4.39 4.27/4.21 2.01
(CDCl3) 10.9 3.2 1.2 5.96.8 11.5 2.09
i2.1 0.7 3.0 0.8 2.19
2.20
6 5.35 5.26 4.64 — 3.74/3.45 1.53
(CsDp) 5.4 5.2 3.345 13.0 1.54
6.9 1.56
7 5.66 5.25 5.54 4.46 4.20/4.15 2.00
(CDCl3) 10.6 3.2 1.3 7059 12.4 2.08
20.9 2.20
2.21
8 5.29 5.44 4.78 — 3.42/3.13 1.46
(CsDs) 9.7 8.6 6.211.0 11.3 1.56
20.7 1.59
13° 5.44 521 5.34 — 4.23/4.06 2.06
(CDCls) 8.3 3.3 5227 12.9 2.12
8.5 2.2 2.20
14° 3.95 3.85 4.07 4.12 3.86 —
(D-0) 10.4 3.1 0.8 4.6/7.2 n.d?
4.7 3.3 1.0 n.d*
* Applies for the pentose derivatives 6, 8, 13. "500 MHz. © 360 MHz. ¢ Cannot be determined.

General procedure B for the reaction of 1-bromoglycopyranosyl cyanides (2 and 3) with silver
tetrafluoroborate: To a solution of freshly dried silver tetrafluoroborate (2 mmol) in dry toluene (15 ml) a
bromo-cyanide (1 mmol) dissolved in the same solvent (5 ml) was added at once when a white tar
precipitated. The mixture was stirred at room temperature in the dark until the reactant had disappeared by

TR CTE Y T «

TLC. The bubpulbluu was diluted with chloro
extracted with 1 M aq Na,S,0; solution (3 x
by concentration of the dried organic layer.

Afrzan (KN 1\ than fltarad the~
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5 mi) and water (3 x 5 mi). The crude product was obtained
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Table 3
BC NMR spectroscopic data for the 1-fluoroglycopyranosy! cyanides
measured in CDCl; at 50.3 MHz (8 [ppm], J [Hz])
Com- C-1 C-2 C-3 C-4 C-5 C-6 CN CO CH;
pound § Jor Jer Jor Jer
Jon -2
4 103.35 | 70.67 66.27 60.52 | 111.16 | 168.27 | 20.25
221 3 70.58 45 169.00 | 20.31
73.47 5.1 16931 | 20.44
170.16
5 104.10 | 68.07 68.84 65.63 6043 | 111.23 | 168.52 | 20.22
220 26 85 72.98 46 16932 | 20.34
6.1 169.60
170.01
6 102.96 | 67.19 65.47 62.49 — 111.83 | 168.22 | 20.38
225 33 66.80 42 168.78 | 20.46
n.d* 169.48 | 20.63
7 102.00 | 67.18 66.46 6048 | 111.66 | 168.69 | 20.36
235 23 66.95 42 169.38
71.64 <2 169.58
169.99
8 102.27 | 70.41 67.00 62.08 — 111.75 | 168.64 | 20.35
237 26 68.78 43 169.36 | 20.09
<2 169.46
i3 103.71 | 67.95 67.52 64.90 63.57 — 111.56 | 168.32 | 20.34
224 30 5 44 169.29 | 20.36
39 169.59 | 20.54
14° | 110.20 | 73.50 70.17 63.18 | 11537 | — —
212 23 73.37 47
80.43 nd*

“Measured at 125 MHz. ®Measured in D-O at 90 MHz.  Not determined.

2,3 4.6-Tetra-O-acetyl-1-deoxy- 1 -fluoro-a-D-glucopyranosyl cyanide 4 —Prepared from 1 (1.46 g,

3.35 mmol) according to general procedure A: reaction time 1 h. Crude product: 1.11 g, identified as a

L e ) FANE R4 15 AN AL S LA LR ARSARIAANAL

mixture of 4 and 9 in ~1:1 ratio by 'H NMR spectroscopy. Column chromatography afforded pure 4 (266

mg, 21 %) as a colourless syrup. [a]p +57 (¢=1.5, CHCl;). Anal.: Caled for C,sH;sNOGF (375.31): C,

48.01; H,4.83; N, 3.73;, F, 5.06. Found: C,49.18; H, 5.11; N, 3.36, F, 5.49.
2,3,4.6-Tetra-O-acetyl-1-deoxy-1-fluoro- - D—ga[actopyranosyl cyanide S.—Prepared from 2 (1.81

e?2d (‘rnrln nrodnct: mr‘hna“w nure 5¢

|< mmnl) acrcnrdin nrovadnr A reastinn s
IJIU\JI.I\JI. t.ll \/(,l.l.l] lJ

15 MmoL ) accordaing o gu}exm proceaure AL réacuon
g, 90 %) which was crystallized from EtOH. Mp 87-
CsHigNOGF (375.31). C,48.01; H,4.83; N, 3.73, F, 5.0

.;;
~

N

D
o =

T

L oo +80 (c=1.2, CHCI;). Anal.: Cal
ound: C, 48.58; H,4.99; N, 3.51;F, 5.2

k=l b .

8

(@)

\)
C\w E:r
*nm =
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2.3.4-Tri-O-acetyl-1-deoxy- 1 -fluoro-c-D-xylopyranosyl cyanide 6.—Prepared from 3 (0.50 g, 1.37
mmol) accordinge to general nrocedure A- reaction time 1 h Crude nroduet: 220 mo  identified ag a
U1 J Gvaauiuaig, W gl dl priuvauiie S cacuon iV 1 1L duUuy IR, LoV 1115, lwuuuw ad>d> a

mixture of 6 and 10 in ~3:1 ratio by 'H NMR spectroscopy. Column chromatography afforded pure 6 (47
mg, 11 %) which was crystallized from Et,O-hexanes. Mp 119-121 °C; [a]p -23 (¢=1.5, CHCL;). Anal.:
Caled for CoHi4NOJF (303.24): C, 47.53; H, 4.65; N, 4.62; F, 6.26. Found: C, 47.78; H, 4.57; N, 4.59;

Y2 A Totvra O\ vrorid 1 Ao v 72N n/‘d g ey o] iAds ™7 Dirarmaead £Hon mn 2 /N ’\ P
£,3,4,0-1 eird-u-dceryi-1 -aeoxy-1 "/tbt(ll(l /J- p u‘/ylunu.)yt Lyuluut: I OICPaltAL TULL &4 (V. J2 ¥
n

0.73 mmoi) according to general procedure B: reaction time 1 week. Crude product: 164 mg. Column
chromatography afforded pure 7 (99 mg, 36 %) as a colourless syrup. [a]p +71 (¢=1.1, CHCI;). Anal.:
Calcd for CsH;sNOGF (375.31): C, 48.01; H, 4.83; N, 3.73; F, 5.06. Found: C, 47.88; H, 4.71; N, 3.59;
F, 5.15.

72 f AWy A 2 mean s o R } Dhenennon A £onn 2 /N7
PATV A ""l Il"\J"u(,EU/l I'th:(l./ly‘l JluUIU"/J"!/'kVl(l}lylu’l(}.b_yl Lyumue o—rlcpcucu moin o .o

l\)

g 0
mmol) according to general procedure B: reaction time 1 week. Crude product: 240 mg Column
chromatography afforded pure 8 (101 mg, 38 %) as a colourless syrup, which was crystallized from
CH>CL-EtO. Mp 164-165 °C,; [alp +23 (c=1.1, CHCl3). Anal.; Calcd for C,H42NO-F (303.24): C,
47.53;H,4.65;N,4.62; F, 6.26. Found: C,47.78; H, 4.78; N, 449 F, 6.39

BUR V. RISV N LV 7 g

] ) PR 14 /N 1IN

2,3.4-Tri-O-acetyl-1-deoxy- 1 fluoro-5-D-arabinopyranosyl cyanide 13. —Prepared from 12 (2.32
6.37 mmol) according to general procedure A: reaction time 2 d. Crude product: practically pure 13 (1.52
g, 79 %) which was crystallized from EtOH. Mp 156-157 °C; [ap +63 (c=1.2, CHCl;). Anal.: Calcd for
C.HigNOJF (303.24): C, 47.53;, H, 4.65; N, 4.62; F, 6,26, Found: C, 48.08; H, 4.80; N, 4.47; F, 6.28.

= OV, 2

g‘cl
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1-D (My-l Jmuru-p“u*-gumuuyyrunus}1 cyariae x4 —ricparéd mwoimn 5 \J /5 Mg, 1.00 imo: with
saturated methanolic ammonia (10 ml) at 0 °C. After 30 min the solution was concentrated, and subjected
to column chromatography (eluent: chloroform-methanol 9 : 1) to give pure 14 (59 mg, 28 %) as a
colourless syrup. [a]p +97 (¢=0.3, H,O). Anal.: Calcd for C;H;(NO<F (207.16): C, 40.59; H, 4.87; N,
6.76. Found: C, 40.38; H,4.75; N, 6.57.
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