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ABSTRACT 

Starting f r o m  1,2-~-isopropylidene-a-~-gluco- and -B-_L-ido- 
furanurono-6,3-lactone, 5-deoxy-5-f luoro-a/B-Q-gluco- and -c-ido- 
furanose, respectively, were prepared by the following sequence of 
reactions: trifluoromethanesulfonylation, nucleophilic substitution 
with inversion of configuration, lactone reduction and deprotection. 
On the basis of H - H - ,  H-C-, H-F-, and C-F-couplings, the stereo- 
chemistry of the products is discussed. 

When the enzyme mdifying properties of various fluorine 
containbg cabhydrates are considered along with the biological 
significance of pglucose - derivatives dified at the C-5 position, 
5-deoxy-5-fluorohexoses m g e  as ccanpounds of particular interest. 
Since there is often difficulty w i t h  the regio- and stereoselecti- 
vity of reactions intrcducing fluorine into carbohydrates, 1 ,24- - 
isopropylidene-~~-Q-glucofuranurono-6,3-lactone - (1) - was selected as 
S t d I t L I l  ' g mterial for th is  study since ccmpound - 1 contains a suffi- 
ciently rigid structure to avoid m of these synthetic difficul- 
ties. Also, since the triflate (2) - derived frm - 1 had been converted 
in high yield into - 1,2-O-isopropylidene-B-~-idofuranurom-6,3-lac- - 
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514 ALBERT ET A L .  

tone (6)  - by reaction with sodium trif luoroacetate and subsequent de- 
protection, 
ion seemed at t ract ive.  

the possibi l i ty  for tr if late d i s p l a c m t  by fluoride 

Reaction of - 2 with tetra-n-butylamnonim fluoride in aceto- 
n i t r i l e  a t  rocm tenpsrature gave, a f t e r  24 hours, a 67% yield of 
5 -deaxy-5 - f luo ro - l , 2~ i~p~~l idene -B-~- ido fu r~urono-6 ,3 - l ac tone  - - 
(3) - and 6% of 5-deaxy-5-fluoro-1 ,2Uisopropylidene-a--~lucofuran- - - 
urono-6,3-lactone (8) ;  - in contrast ,  1,2-C+isopropylidene-5Utrif- - - 
‘lyl-B-~-idofuranurom-6,3-lactone - (71, - under the sane conditions, 
gave 54% of 8 and 11% of 3. In  each case, a mall amount of - 6 
(fran - 2) and - 1 (fran - 7)  also was isolated due to  the water present 
i n  the tetra-n-butylmonim fluoride used. TLC monitor- of the 

- - 

mixtures of reactions of 2 and - 7 showed that in each case the - 
deaxyfluom sugar with retained configuration actually resuLted 
fran epimerization of the start ing m a t e r i a l  pr ior  to  displacenent. 

kduct ion of 3 and 8 w i t h  sodim borohydride i n  methanol Led 

to  5-d-y-5-fluom-1 ,2+isopropy1idene-B-~-idofuranose - - ( 4 ,  - 92%) 

and 5-deaxy-5-f luoro-1 ,2-O-isopropyLidene-~-Qqlucofuramse - - (9 ,  - 
89%), respectively. Frau these tw~ canpunds (4  - and - 91, m e r i c  
mixtures of 5-deaxy-5-fluoro-~-idofuranose (5,  - 85%) and 5-deoxy- 
5-f luoro-pglucofuranose (1 0, 76% ) , respectively, were obtained 
by hydroLysis with aqueous t r i f luormcet ic  acid. 

- - 

- 
- - 

Proof of the structures of these canpmds 3-5 and 8-10 - -  -- 
arises fran the i r  analytical data, their H, 3C, and ’F ?WE? 

spectra (Tables 1 and 2 and the  Experimental sect ion) ,  and spectral 
canparisons with their unfluorinateii counterparts. Since the iso- 
propylidene ring fixes the conformation of the tetrahydrofuran 

coupling constant rirq ( T2, ref .  71, the  value of the JH-4,H-5 

(Table 3) serves t o  confirm the configurational aSSigment l o  a t  

3 

C-5 in lactones - 3 and - 8 and t o  shed l i gh t  on the conformation of 

the side chain in the furanoses 4 and 9.  1 4  
- - 

Additional stereochanical information can be obtained fran 
the F-N and F-C c0upU-q constants (Tables 1 and 2 )  . The most 
strikirg of the coupl iq  constants is the  f ive  bond H-F couplirg 
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I 1  

6 

106.5 
82.2 
85.1 

80.0 
28.0 

87.3 
185.3 

169.1 

I 113.7 20.6 

I m2 I z:: 

107.6 
82.7 
81.7 

5.9 

76.6 
14.7  

86.2 
206.9 

168 .O 
23.8 

114.0 
27.1 
26.7 

105.7 
86.4 
75.2 

8 .8  

80.7 
19 .1  

94.6 
270.6 

62 .O 
22.0  

111.1 
27 .O 
26.4 

106.1 
86.3 

74.7 

78.8 
30.9 

91.5 
167.6 

62.9 
19.1 

112.2 
27.1 
26.5 

102.6 96.7 

81.1 76.5 
75.2 75.2 

5.8 5 .8  

80.2 77.3 
17.7 17.7 

93.6 94.5 
172.9 170.6  

61.8 61.8 
20 20  

97.5 103.1 
76.4 81.0 

75.7 75.3 

76.4 79.2 
28.4 28.4 

92.0 92.0 
167.7 167.7 

62.0 62.3 
19.1 20.5 

a )  22.62 MHz; r e so lu t ion :  1.45 flz p e r  da tapoin t ;  b, CDC13; 
d) 

6 ;  D2° acetone-d 

1 

2 

3 

4 

5 

6a  

6b 

-2 

- 3b) - gb' - qC) - gC) 
5.95 6.08 5.92 5.84 
1.2 

4.87 4.87 

5.10 4.90 
1.3  

4.96 5.08 
8.7 1 .0  

4.93 5.33 
48.3 4 8 . 0  

3 .5  

1.58 1.55 
1.40 1.38 

4.48 
3.5 

4.2 

4 -27 

4.70 

3.82 

3.77 

14 .0  

50.0 

23.2 

1 9 . 0  

1.47 
1.33 

1 . 6  

4.47 

4.17 
d) 

4.17 
d) 

4.74 

3.86 

3.65 

47.0 

30.0 

30 .0  

1.47 
1.29 

=) 200 MHz; b, CDCl3; C D C ~ J D ~ O ;  dl not  detected 
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J1,2 '2,3 '3: 4 '33 '2,4 '4,5 ' 5 , &  '5,6b J&3,6b 

3.7. 3.3 0 .4  0.3 0.4 

3.6 0.6 2.8 0 .5  4.0 

3.8 3.5 7 .9  3.6 4 .6  12.6 

3.5 2.8 7 .9  2.4 5 . 6  13.1 

in mpounds 3 and 9 and the similar H-F five bond couplirq in 
4 and 8. These couplirqs indicate an almost identical stereo- 
chenical a r r q e n e n t  of the fluorine atans within 

- - 
- - 

I .  O+ 

the 
couplings also const i tute  support for the suggestion17 that I I a  t r a m  
coplanar relationship to the bod that is the midpint of the coup- 
ling pathway11 '' is a prerequisite for t h i s  coupling to be operative. 

pairs of capurds (3  and 9 plus 4 and 8) .  These five bond - - - - 
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NMR STUDIES 517  

couplinq, reported l2 for vari- Interestingly, the observed JH - -  5,H 

~ U S  derivatives of ~idofuranurono-6,3-lactone, - could not be found 
in - 3.  Further confirmation of the spatial arrangmt of groups in 

and these mlecules m s  from J coupling constants (i.e., JF,H-4 
) which are known to exhibit a Karplus like relationship. 

The ancaneric ratios in - 5 am3 - 10, as detennined by 'H NMFt, 2oare 
both about 1:l. 

5 

3 

JF,c-3 

EXPERIMENTAL 

General &kthcds. mlting points m e  detexmined with a Tottoli 
apparatus and are uncorrwted. Optical rotations rere measured with 
a Perkin-Elmr 141 polarineter. ?ILx: was performed on silica gel 60 

precoated plates (Wck 5554) using toluene - ethyl acetate F254 
(2:1, A ) ,  ethyl acetate ( B )  , and ethyl acetate - methanol (9:l ,C) , 
respectively. Column ChrOaMtcqraphy 21 on silica gel 60, using 230- 
400 mesh (Wck 93851, was conducted by eluting with toluene - ethyl 
acetate (10: 1 ) . NMR Spectra were recorded with a B r u k e r  WH-90-DS 
and a Varian XL-200 NMR spctrcaeter. MS Data *re obtained with a 
Finnigan MXC-212 instrument (chemical ionization using isobutane) . 
Tetra-n-butylmnium fluoride trihydrate (Fluka 86872) was dried 
at 80 OC and 10 Pa for 3 days prior to use. 

lactone (2) . To a solution of - 1 22 (2.16 g, 10 ml) in dichloro- 
methane - midine [19:1 (v/v) , 50 mL] trifluorcmethanesulfonic 
anhydride (3.26 g, 1.9 mL, 11.5 ml) was added at 4 "c. when TLC 
( A )  s h a d  quantitative fomtion of triflate - 2 Pf 0.73, Rf (I-) - 
0.30; 15 m] the reddish solution was diluted with dichlormthane 
(50 mt) and washed successively with 1M hydrochloric acid, satura- 
ted aqueous scdium hydrogen carbonate and water (So mL each). After 
drying over sodium sulfate and filtration, the solvent was evapo- 

23 rated at < 30 "C and the residue, dissolved in acetonitrile (25 mL) , 
treated with tetra-n-butylammnium fluoride (1.7 g, 6.5 ml) at 
rocm temperature. After quantitative reaction (18 h) the solvent 
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518 ALBERT ET A L .  

was evaporated and the mixture separated by column chrmtcgraphy. 
The first ca-npur-d eluted was - 3 p.45 g, 67%, Rf ( A )  0.771, follo- 
wed by 8 (0.13 g, 6%, Rf 0.57) and finally 6 (0.17 g, 8%, R 0.45) 
(Xqmurid - 3 had the following properties: mp 98.5-99 "C,  [o,]~ 
+88.5O (c 1, acetone);"F NMR (CDcl3) 6 -199.7 (rel. to C X l 3 ) ;  

MS m/z 219 (MH'). 

Anal. Calcd for C H FO (218.2): C, 49.54; H, 5.08. Found: 

50 
- - 

9 11 5 
C, 49.24; H, 4.62. 

5-Deoxy-5-fluoro-l,2+isopropylidene-R-~-idofuranose - - (4). 
To a solution of - 3 (1.0 g, 4.6 -1) in mthanol (20 mL) sodium 
borohydride (0.24 g, 5 ml) m s  added with stirring at room tem- 
perature. After quantitative reaction kf ( B )  0.57, 3 h] ethyl 
acetate (5  mL) was added, the solution filtered, and the solvent 
evaporated. Boric acid was r m d  as its methyl ester (formed on 
addition of n-ethanol) by destillation. Frm the residue, - 4 crys- 
talized. The yield was 0.94 g (92%) , mp 104-106 "c, [a]$-21.5O 
(c 1, acetone). 

Anal. Calcd for CgHI5FO5 (222.2 
c, 48.73; H, 6.85. 

: C, 48.64; H, 6.80. Fourid: 

5-Deoxy-5-fluoro-a/R-~-idofuranose - (5). - A solution of - 4 
(0.80 g, 3.6 ml) in trifluoroacetic acid - water 1:l (v/v), 
16 r&] was stirred at 40 OC for 24 h. After evaporation of the 
solvent, the residue was dissolved in water (20 mL) and neutra- 
l ized by treatment with strongly basic anion exchange resin 
(Merck 4767). After filtration arad evapration, 5 resulted as 
colourless syrup (0.56 g, 85%); Rf ( C )  0.27; 'H NMR (D20) H-1 

5.46 (B-L, - 5381, 5.24 (a-L, - 47%). 

[ 

6 

5-Deoxy-5-fluom-1,2+isopropylidene-a-~1ucof~anurono- - - 
6,3-lactone (8) - . Star t ing fran - 6 and applying exactly the sam~? 

procedure as given for the synthesis of - 3 ,  ccsnpounds - 3 (1 I % ) ,  8 
(54%) and - 1 (10%) were obtained. m e  intermediate triflate - 7 2 3  

shmed Rf ( A )  0.57. ccmpound - 8 had the follculring properties: mp 

4 
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NMR STUDIES 5 1 9  

96-98 "C, [a]: +69.6O (c 1 , acetone 
(rel. 'to GXl3); MS m/z 219 (MI'). 

Anal. Calcd for CgHllED5(218.2) 
C, 49.12; HI 4.63. 

: 19F NMR (CDC13) 6 -216.3 

C, 49.54; H, 5.08. Found: 

5-Deoxy-5-fluoro-l,2-0-isopropylidene-a-D-glucofuranose - - ( 9 ) .  - 
ccmpound - 9 was formed in 89% yield fram the reduction of 8 (car- 
rid out as given for the L-ido-iscmr - - 4); mp 108-110 "C, [aID 

-6.5O (c 1, acetone), Rf ( B )  0.66. 

20 

Anal. Calcd for CgH15F05 (222.2): C, 48.64; H, 6.80. Found: 
C, 48.84; H, 6.74. 

5-Deo~-5-fluoro-a/R-~lucofuranose - (101 - was obtained from 
- 9 by treatrent w i t h  aquaus trifluoracetic acid in 76% yield as 
a colourless syrup; Rf ( C )  0.32; 'H NMR (D20) H-I 6 5.44 (cr-Il, - 
45%), 5.26 (a+, - 55%) . 

ACKNOWLEDGMENT 

Financial support by the Fonds zur F6rderung der wissenschaft- 
lichen Forschung, Vienna, as well as MS analysis by Dr. R. ChernelZi, 
TechnicaZ University G m z ,  is gratefully acknowledged. 

REFERENCES AND FOOTNOTES 

1 A. A. E. Penglis, Adv. Carbohydr. Chem. Biochem., 38, 281 (1981). 
2 R. L. Whistler and W. C. Lane, Biochem. J., l&, 919 (1972); 

S. Inouye, T. Tsuruoka, T. Ito, and T. Niida, Tetrahedron, 24, 
2125 (1968). 

3 For a survey see: ref. 1, p. 196 ff; M. J. Adam, B. I). Pate, 
J.-R. Nesser, and L. D. Hall, Carbohydr. Res., 124, 215 (1983); 
J. T. Welch, B.-M. Svahn, S. Eswarakrishnan, J. P. Hutchinson, 
and J. Zubieta, Carbohydr. Res., 132, 221 (1984). 

4 R .  Csuk, H. Honig, J. Nimpf, and H. Weidmann, Tetrahedron Lett., 
- 21, 2135 (1980). 
Lactones 1 and 6: see ref. 6; unsubstituted hexofuranoses: K. 
Bock and 5. Pedersen, Adv. Carbohydr. Chem. Biochem. , 41, 45 
(1983) ; I ,  2-0-isopropyZidene-f3-&-idofuranose - (D 0 )  : 105 .O (C-1) , 

1 13.4, 26.4 and 26 .O (CMe ) ; I ,  2-UisopropyZidene-a-~-gZuco- 
fwlanose (D20): 105.4 (c-3) , 85.2-(C-2), 74.4 ( c - 3 ) ~  80.5 (c-4) r 
69.2 (C-5), 64.3 (C-6) , 113.4, 26.4 and 25.9 ( C M e 2 ) .  

5 

85.9 (C-Z), 74.7 (C-3), 81.8 (C=4), 71.2 (C-5),*63.3 (C-61, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



520 ALBERT ET AL. 

6 R. Csuk, N. Miiller, and H. Weidmann, Monatsh. Chem., 115, 93 

7 Evident from H-H-couplings J 

8 R.  J. Abraham, L. D. H a l l ,  L .  Hough, and K.A. McLauchlan, 

- 
(1984) . 

and J (Table 3); see 
1,2' J2,3f 314 a l s o  r e f .  8 and 9. 

3. Chem. SOC., 1962, 3699. 
9 L. D .  Hal l  and P.  R.  S t e i n e r ,  Can. J .  Chem., 48, 451 (1970). 

6,12,13 10 J -4 Hz: Q-gzuco 6'8f11; J -0.5 Hz: L i d o .  - - 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

H. Weidmann and K. Dax, Monatsh. Chem., 102, 877 (1971). 
H. HBnig, I. Macher, and H .  Weidmann, Tetrahedron L e t t . ,  1979, 
2579. 

I. Macher, K. Dax, E. Wanek, and H .  Weidmann, Carbohydr. R e s . ,  
80, 45 (1980). - 
J = 7.9 Hz i n d i c a t e s  antiperipZan.0 o r i e n t a t i o n  of  H-4 and H-5, 
which mani fes t s  ( r e f .  15) a "zigzag" conformation ( r e f .  16) i n  
t he  g-gZuco-derivative 9, b u t  a " s i ck le"  conformation ( r e f .  16) 
i n  t h e  L-ido-isomer - 4. 
S. J .  Angyal, Carbohydr. R e s . ,  - 77, 37 (1979). 

P. L. D u r e t t e  and D .  Horton, Adv. Carbohydr. Chem. Biochem., 
26, 49 (1971). 

L. P h i l l i p s  and V .  Wray, J .  Chem. Soc., B, 9, 1618. 

Ref. 1, p. 267. 

: i n  2 and 9 t h e  d ihed ra l  angle  is -90 (no coupl ing ob- 
$&d); i n  4 and-g t h e  s p l i t t i n g  found corresponds t o  an  angle  
of -A40-160w; JF,H-4: compound 3 and - 4 show d ihedra l  angles  of  
10-30 , - 8 and 2 those  of 70-907 

S. J. Angyal, Adv. Carbohydr. Chem. Biochem., 42, 15 (1984). 
H. Loibner and G.  S e i d l ,  Chromatographia, 12, 600 (1979). 

- 

- 

0 

R. A l b e r t ,  K .  Dax, R .  Pleschko, and A. E. S tOtz ,  Carbohydr. R e s . ,  
137, 282 (1985). - 
On at tampted i s o l a t i o n  " in  substantia" t he  t r i f l a t e s  (2 and 2) 
were subject t o  decomposition: i n  t h e  presence of py r i z ine  and 
traces of  water 5-deoxy-1,2-0-isopropyZidene-~t-~-e~ythro-3-hex- - 
ulofwanurono-6,3-Zactone h y h a t e  w a s  formed. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


