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Reaction of 1,6 : 3,4-dianhydro-~-D-altropyrano,c (/) wilh pOla " iulll hycrc gcn nL:oric'c in hOI 
ethylene glycol gave I ,6-anhydro-3-deoxy - 3 -nuoro-~-D-mann o pyran r,e (// ). U n acid calaly~ ed 

hydrolysis or acetolysis of compound II 3-dcoxy-3-fluoro-D- lllan no>c ( i 'III) o r it s tetra -O-ace tyl 
deriva tive VII, respectively, were ob ta ined, Reduction of compou nd VIII wi th , od ium boro
hydride gave 3-deoxy-3-fluoro-D-man nitol (IX ). The , truct ures of the menti oned compounc' s 
were proved by 1 H NMR spectroscopy, 

Among 3-deoxy-3-fluoro derivatives or a ld ohexoses o nl y 3-dcoxy-3-ftuoro-o-glu
cose l - 3 and corresponding compound s or o-ga la c/04 ,5 and L-id06

,7 configu rat ion 

have been described. Biochemical studies were carried out prcdomif'antly with the 
first of the mentioned compound s8 - t 2, In view or the frequent occurrence of o-man

nose in a number of glycoproteins, where they constitute the main building unit 

of oligosaccharide chains, and a lso in natural mannan s, we decided to carry out 
- on the basis of earlier results l 3 - the prepa ration or 3-dcoxy-3-fluo ro-o-mannose 

and some of its derivatives and so make them available ro r bicchemica! studie s. 
The starting compound for our synthesis, 1,6 : 3,4-d ianhydro-p-o-altropyranose (I) 

was prepared by four step synt hes is from 1,6-an hydro-p-o-glucopyranose, accordiJlg 

to ref. 14. The oxirane ring of this dianhydro derivat ive can be opened with var ious 

nucleophilic reagents; for the introduction of flu orir.e into the mokcule potassium 
hydrogen fluoride in ethylene glycol was used , which had proved valuable earli( r1 5. The 

react ion was carried out by heating the reaction components a t 200°C under nitro
gen for several hours, According to our expectat ion 16 the openi ng of t he oxirane 

ring took place with high regiosekctivity at C( 3)' and 1,6-anhydrc-3-dEoxy-3-fluoro
-p-mannopyranose (II) was formed as practically the so le fluori ne containing product. 
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2694 Cerny, Dolcza lova, Macova, Pacak , Trnka. Budesinsk y : 

The proposed structure for compound 11 is supported by the fact that even after 
five days it was not oxidized with sodi um periodate under the conditions when the 
model oxidation of J ,6-anhyd ro-4-deoxY-~-D-a ra bino-hexopyranose 17 did take place, 
and further the fact that the value of [ctJo -U8° (water) of compound 11 is very 
close to the value [ct ] D - 127° found for J ,6-anhydro-B-D-mannopyranose18 (re
placement of the hydroxyl group by fluorine changes the optical rotation value only a 
little I6

). It was shown by means of the IH NMR spectra that compound 11 assumes 
the same conformation IC4 (D) in water as well as in chloroform. The interaction 
constants J 2 , F = 26·4 or 27-4 Hz indicate an antiperiplanar arrangement of F-3 
and H-2, and the values J 4 ,F = 12·5 or 10'5 Hz a synclinal (gauche) arrangement 
of F-3 and H-4. Further parameters of compound 11 and of its di-O-acetyl derivative 
III (Table I) also confirm l9

.
2o their configuration and conformation 1CiD), and 

they are correlative l9 with the parameters of the IH NMR spectrum of 1,6-anhydro
-~-D-mannopyranose (V) and its tri-O-acetyl derivative VI. 
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BellzoYlation of compound 11 in pyridine gave its di-O-benzoyl derivative IV, I 

which is, in contrast to di-O-acetyl derivative 111, crystalline and suitable for identi- I 
fication. 
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TABLE r 
I H NM R Paramete rs of 3-fluoro deri, at i,cs fl . Ill. J 'II. Ill. and X 
-- .. _._-- - ----

Proton II II III 111 1/1/ X X 
(2 H20 ) (C 2HCI 3 ) (C"HCI 3 ) (C 2 HCI J ) ("H 2O)" (C2~' I CIJ) (Ch

2 H h ) 

Chemica l shifts 

H-I 5·43 5-40 5·49 6·14 5·2.1 (4·91 ) 4 ·55 4·63 
H-I ' 4' 13 3,97 

H-2 3·83 3·72 536 4, 19 (4, 19) 5, II 5 ' 32 
H-3 4·74 4 ,74 4·91 475 (4 ' 59) 4,85 4,87 

1-1-4 4·12 401 504 5·46 5·66 
1-1-5 4'63 4 ,53 4'05 3·97 (3 ~9) 5·31 5,50 

H-6 4·09" 4,08" 4,20" 4'Z tl" 43 8 4-48 
H-6 ' 3 '8 1! 3'83! 3'881 4 ' 13! 4 ' 16 4 ' 17 

OAc 2, 17 2' 10 2,04 1'6; 

2·19 2, 13 2·06 1'66 
2, 15 2,09 1,70 

2,1 9 2,10 1·7 1 
2· 12 175 

Coupling constants 

JI,I ' 12·5 12-4 

JI. 2 1,9 1,9 1'0 2,0 1 9 (1' 1) 2,5 2,6 

J I ',2 4 ' 3 4, 8 

J,; ,3 4 ,5 4'6 3-8 35 (3,5) 93 9'3 

J 3 ,4 20 2,1 9·6 9-4 (9-4) 1,6 1,7 

J 4 . 5 2·0 2,1 1·8 10·1 (1c) '0 ) 7' I 7·2 

J S,6 1·2 1·2 1'2 5,0 (5'9) 2,6 2,7 

J 5 .6 , 0,0 5,9 59 25 (2-4) 5·7 5-4 

J 6 •6 , 7·9 7'8 79 12·5 125 12 ,6 

.I 1 •r 0 4,7 5·1 (21 ) 20 2'0 

.I( ' .F 2·2 2, 1 

.Iz,r 26·4 27-4 5·8 7' I (7,4) 6·8 6',g 

.I3 ,r 47·7 48,0 48'0 48,6 (4 8'0) 45'0 46,0 

.I4 . r 125 10,5 12 fi IIA d 30, I 

JS,F 0 '8 0,7 () 1, 0 ( 1·2) 0 1,0 

J 6 . F 1·4 1,5 i ·3 
d () 

J 6 ',F 3-8 3·8 3·5 1 5 0 

a Values for the a -anomer (in brackets for the ~-anome r), b Complex mul tiplet o f 1-1-2 and H-3 

at" 4'75-5'01. C Strongly coupled broad mult iplet of seven protons between" 3'E2 and 4·03 , 

d A correct parameter value could not be determined, e H-Eendo' ! 1-1-6c,0' 

Collection Czechoslovak Chem. Commun, [Vol , 48J [1983J 



2696 (ern y. Doleza lova . Macova . Pacak, Trnka , BlIdesinsky : 

Acetolysis of 1,6-anhydride bond in compou nd II with acet ic anhydride, under 

catalys is with perchloric acid. affo rded 1,2,4,6-tetra-O-acet yl-3-deoxy-3-fluoro-ct-n

-mannopyranose (VI 1) in 75% yield . Its structure was confirmed by JH NMR spectra. 

In ch loroform solution it occurs in 4C J (n) conformation in o:-anomeric form , 

as evidenced by the low va lue o f J 1 ,2 = 2·0 H z (it excludes the axial orientation 

of H-l), the high values of the con stant s J 3 •4 = 9·6 and J4 , 5 = 10, ) Hz (hydrogen s 

H-3 , H-4 and H-5 a re axial), the relatively high long-range coupling 4 J l,F = 4·7 Hz 

(F-3 and H-l in diequatorial arrangement) and also the positive optical rotation 

value [a]D +22° (in chlorofo rm). 

Afte r deacetylation of the tetraacetat e VII with sodiu m methoxide in methanol, 

crysta lline 3-deoxy-3-fluoro-n-ma nnose ( Vll 1) was obtained. It was a lso obtained by 

direct hydrolysis of anhydro derivative 11 with 5% trifluoroacetic acid at 130°C in a 

sealed tube. Compound Vll1 reduced the Fehling's reagent rapidly under warming, 

in contrast to 2-deoxy-2-fluoro-D-ma nnose 2o, which reduced it much more slowly2l. 
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1 H NMR Spect rum of 1.2,4.5 ,6-penta-O-acetyl-3-deoxy-3-fllI oro-D-mannitol in hexadeulerio- I 

benzene 
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Synthesis with Anhydro Sugars 2697 

The IH NMR spectrum (2H20) showed that compound VIII after mutarotation 
consists of a mixture of ct.- and ~-anomer in a 68 : 32 ratio. Both anomers exist 
in 4C 1(D) conformation (high values of J 3 ,4 = 9·4 and J4 ,5 = 10·0 Hz), and their 
assignment was done on the basis of different long-range couplings 4H J ,F (5'1 Hz in 
(i-anomer, in contrast to 2·1 Hz in ~-al1omer). 

Reduction of compound VIII with sodium borohydride gave 3-deoxy-3-fluoro
-D-mannitol (IX), and its acetylation with acetic anhydride in pyridine afforded the 
corresponding 1,2,4,5,6-penta-O-acetyl derivative X. From the J H NMR spectrum 
it follows that acetate assumes in the polar solvents conformation P (formula Xa) 
with a planar zig-zag arrangement of the carbon chain. The spectrum in deuterio
benzene (Fig. 1) permits the extraction of all NMR parameters. Making use of the 
large geminal coupling constant 2 J 3.F the hydrogen H-3 could be identified. The 
observed long-range couplings with the fluorine atom permitted the identification 
of the signals of hydrogens H-l and H-l' (4 J l,F = 2·2 and 4 J I' ,F = 2·6 Hz). The 
high value of 3 J4 ,F = 30·1 Hz shows an antiperiplanar arrangement of H-4 and F-3, 
while the value 3 J 2,F = 6·6 Hz corresponds to a synclinal arrangement. The con
formations around the C(I)-Cm and C(5)- C(6) bonds follow from the constants 
J I ,2 and J 1 ' ,2 or J 5 ,6 and J 5 ,6' respectively. Their low values (2'6, 4·8 and 2'7, 
5·4 Hz, respectively) indicate a distinct preference of the "g" rotamers in which H-2 
(or H-5) is in the gauche position with respect to both neighbouring hydrogens 

HI, HI' (or H-6, H-6'). The existence of compound X in conformation Xa is in agree
ment with the fact, that - for example - diethyl dithioacetal of 2,3,4,5-tetra-O-acetyl
-L-rhamnose (with L-mOI1I1O configuration at carbons C(2)' C(3), C(4) and C(5») has 
the same conformation 22 • In both mentioned compounds the unfavourable 1,3-syn
-interactions do not occur in the planar conformation P, which would destabilize 
it and lead to the so-called sickle conformation23 - 27

• 

EXPERIMENTAL 

The melting points were determined on micromelting point apparatus (Boctius) and are not 
corrected. The optical rotation values were measured on an automatic Bendix Ericsson ETL 
l43A polarimeter at 23- 25°C. 1 H NMR spectra were measured on a FT N M R spect rometer 
Varian XL-200 (200 MHz) in deuteriochloroform, deuteriobenzene or 2H 20, using tetramethyl
silane (in the case of water sodium 2,2-dimethyl-2-silapentane-5-sulphonate) as internal reference. 
For the assignment of the signals the homonuclear decoupling of the hydrogens, the observed 
multiplicities of the signals and the chemical shifts were made use of. The chemical shifts and the 
COupling constants were obtained by first order analysis from the expanded spectra (2 Hz/em), 
at a digital resolution of 0·2 Hz and using Gauss's apodization function for an increase in resolu
tion . 

The reaction course was monitored by thin-layer chromatography on silica gel according 
to Stahl, 0·2-0'3 mm layer thickness, using detection by spraying the plates with 50% sulfuric 
acid and carbonization. The solutions were concentrated on a vacuum rotatory evaporator 
at 40-70°C. Samples for analysis were dried over phosphorus pentoxide at 20-40°C and 20 Pa 
pressure. 
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1 ,6-Anhydro-3-dcoxy-3-fluoro-p-o-mannopyranose (11) 

A mixturc of epoxide I (8'2 g) and potassium hydrogen fluoride (30 g) in ethylene glycol (200 ml) 
was heated under reflux (air condenser) at 200°C under stirring with nitrogen stream. According 
to thin-layer chromatography in benzene-dioxane- ethanol- ammonia (50: 40 : 8 : 5) the reaction 
was terminated after 4 h when the mixture contained compound 11 with Rr 0·6 (relatively to the 
starting compound l) as the main product. The mixture was then diluted with 150 ml of ethanol 
and allowed to stand in a refrigerator overnight. The separated salts were filtered off and the 
sol ution was concentrated in a vacuum rotatory evaporator at I 100 e. Acetone (100 ml) and 0·25 ml 
of cone. sulfuric acid were added to the residue and the mixture was shaken for 3 h at room 
temperature. After neutralization with a calculated amount of sodium hydroxide (0'4(,0 g) the 
solution was evaporated on a water bath under reduced pressure. The residue was boiled with 
ethanol, filtered with charcoal and the filtrate evaporated. The residue was crystallized from 
methanol. Yield, 5·5 g (59~{, ) of fluoro derivative 11, sintering and sublimating at 110- 134°C, 
m.p. 158-160°C, (IX]D 1180 (c 0'69, water). For C6H9F04 (164'1) calculated: 43'90%C, 
5'53% H, I 1·58% F; found: 43-97% C, 5060% H . 11·73% F. 

2,4-Di-O-acety I-I ,6-anhyd 1'0-3-deoxy-3-fluoro-p-o-mannopyranose (Ill) 

Anhydride 11 (200 mg) was acetylated with acetic anhydride (I ml) in pyridine (2 ml) at room 
temperature for 2 h. The mixture was poured into icy water (10 ml), extracted with chloroform 
and the combined chloroform extracts were washed with 5% hydrochloric acid, water and dried 
over anhydrous calcium chloride. The chloroform solution after evaporation gave 290 mg (96%) 
of acetyl derivative Ill, which was distilled at 185°C bath temperature (20 Pal, [a]o - 106° 
(c 0'66, chloroform). For C 10 H!3F06 (248'2) calculated: 48·39% C, 5'28% H; found: 48-41% e. 
5'36% H. 

I ,6-Anhyd ro-2,4-di-O-benzoy 1-3-deoxy-3-fluoro-p-o-mannopyranose (I V) 

Benzoyl chloride (0·8 ml) was added to a solution of anhydride 11 (110 mg) in pyridine (1'5' ml), 
cooled with water. After standing overnight the mixture was diluted with a saturated sodium 
hydrogen carbonate solution (5 ml) and allowed to stand in a refrigerator. The separated crystals 
were washed with water and recrystallized from an ethanol-water mixture. Yield, 160 mg (64%) 
of dibenzoyl derivative IV, m.p. 141- 142°C, [a]o -186° (c 0'5; chloroform). For C20 H 17F06 
(372'3) calculated: 64·51% C, 4'60% H, 5'10% F; found: 64'52% C, 4-48% H, 5'04% F. 

1,2,4,6-Tetra-O-acetyl-3-deoxy-3-fluoro-O:-D-mannopyranose (V11) 

Perchloric acid (0'65 ml of a 70% acid) was added to a mixture of anhydride 11 (6 g) in acetic 
anhydride (65 ml) and the reaction course of acetolysis was followed by thin-layer chromato
graphy in benzene-acetone (10: 1). At room temperature the reaction was over after about 
16 h. The mixture was poured into 200 ml of icy water and put into a refrigerator for crystalliza
tion. The crystals were filtered off, the filtrate extracted with chloroform. The extract was washed 
with sodium hydrogen carbonate, dried and evaporated to afford another part of crystals. After 
recrystallization of both parts of crystals from ether-light petroleum 9·5 g (74%) of acetyl deriva
tive V11 were obtained, m.p. J16-117°C, [IX]O +22° (c 1·4, chloroform). For C14H19F09 
050'3) calculated: 48'00% C, 5·47% H, 5'42% F; found: 48'28% C, 5'35% H, 5'40% F. 

3-Deoxy-3-fluoro-D-mannose (VIII) 

A) Tetraacetate VII (4'2 g) was deacetylated with sodium methoxide in methanol (according 
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to Zemplen) and the reaction course was monitored by thin-layer chromalOgraphy in benzene- acc
tone (10: I). During the reaction the formation of partially deacetylated products was observed. 
After complete deacetylation, which lOok about 24 h. the sodium ions were eliminated by mcans 
of Dowex 50 (in H + form) and the solution was decolorized with charcoal. The filtrate \Vas 
eva porated to a syrup which was allowed to crystallize in an evacuated desiccator. over phos
phorus pentoxide. After two recrystallizations from a mixturc of ethanol and ethcr, 1·5 g « )<) ~ :,) 

of the reducing sugar VI/I were Obtained, m.p. 157- IS8°C, [tXl D .+ 32° - > -/- 23 0 (c 104; water). 
Rcpeated crystallization from ethanol gavc VIII of m.p. 173 - 175°C. For C6 H II F0 5 (182'2) 
calculated: 39'50% C. 0'09% 1-1 , lOo43 /~ F; found: 39'01% C, 0'15% H, 10·17% F. 

B) Fluoromannosan /I (0·1 g) was hcated with 120 ml of 5 ~/~ trifluoroacetic acid at 130 to 
140°C in a sealed tube for 6 h. Chromatography on a thin layer in bcnzene- dioxanc- cthanol
-ammonia (30: 20 : 3 : 2'5) showed that the starting compound had reacted completely. Thc 
mixture containing a small amount of carbonized substanccs was diluted with watcr, decolorizcd 
by heating with charcoal, filtered and evaporated. Yield, 6·2 g (91,7%) of syrupy fluoromannosc 
VlII which can be used for the preparation of fluoromannitol IX. 

3-Deoxy-3-fluoro-D-mannitol (IX) 

A solution of sodium borohydride (004 g in 10 ml of water) was added to a stirred solution 
of fluoromannose VII/ (\'5 g) in 16 ml of water over 10 minutes and the mixture was stirrcd 
for further 15 min at room temperature. Sodium ions wcre then eliminated from the solution 
by gradual addition of Amberlite IR 120 (H + form) ion exchanger and the solution was concentra
ted. The residual syrup was dissolved in 100 ml of methanol, containing a few drops of methanolic 
hydrogen chloride, and the solution was evaporated. This procedure was repeated until boric 
acid was eliminated in the form of methyl ester. The syrup was then again dissolved in watcr, 
the solution was filtered with charcoal and evaporated. The residue was allowed 10 stand in an 
evacuated desiccator over phosphorus pentoxide. Crystallization from ethanol gave I,] g (72%) 
of fluoromannitol IX, which was recrystallized once more for analysis. M.p. 1 II - 113°C, [exl D 
_ 4° (c 1'1, water). Chromatography of the concentrated mother liquors on a 30-fold amount 
of silica gel in chloroform-ethanol 5: I gave another 0·21 g (14%) of product IX. For C6 I-1 13 . 

. FOs (184'2) calculated: 39'13% C, 7'12% H, 10'32% F; found: 39'27% C, 7'12% H, 10'08% F. 

1,2,4,5,6-Penta-O-acetyl-3-deoxy-3-fluoro-D-mannitol (X) 

Fluoromannitol IX (100 mg) was dissolved in 2 ml of pyridine and 1 ml of acetic anhydride 
was added. The mixture was allowed to stand at room temperature for 18 h (thin-layer chromato
graphy in benzene-acetone 10: ]), then poured onto crushed ice and after 2 h the separated 
oil was extracted with 3 ten ml portions of chloroform. The chloroform extracts were washed 
with 5% hydrochloric acid, and water, dried over anhydrous calcium chloride and evaporated 
Yield 200 mg (93%) of a syrup. For analytical purposes the sample was purified by distillation 
at 160°C bath temperature and 18 kPa; [alD' +100 (c 2; chloroform). For C16H23F010 (394'3) 
calculated: 48'73% C, 5'88% H, 4'82% F; found: 48·71% C, 5·85% H, 4·80% F. Gas chromato
graphy was carried out on a Chrom 3 chromatograph (Laboratory apparatus), column length 
193 cm, diameter 3 mm, packing 10% of the OV 275 phase on Chromosorb W-A W, 203°C, 60 ml 
N 2/ min flow rate, T 203°C (T j 230°C); retention time of fluoro derivative X 6·2 min., of 1,2,3,4,5,6-

-hexa-O-acetyl-D-mannitol 8·4 min. . 

The authors thank the analytical department (head Dr J. Horacek) oj the Institute oj Organic 
Chemistry and Biochemistry, Czechoslovak Academy oj Sciences, Prague, Jar elemental analyses. 
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Note added in proof' Recently, an alternative ~ynthesis of 3-deoxy-3-fluoro-o-mannose has been 
published by J. R. Rasmussen, S. R. Tafuri, and S. T. Smale in Carbohyd. Res. 116.21 (1983). 

REFERENCES 

I. Foster A. B., Hems R ., Webber J. M.: Carbohyd. Res. 5, 292 (1967). 
2. Johansson I., Lindberg B.: Carbohyd. Res. 1,467 (1966). 
3. Tewson T. J., Welch M. J. : J . Org. Chem. 43,1090 (1978). 
4. Brimacombe J . S., Foster A. B., Hems R ., Hall L. D.: Carbohyd. Res. 8, 249 (1968). 
5. BrimacombeJ. S., Foster A. B., Hems R., Westwood J. H. : Can. J. Chem. 48, 3946 (1970). 
6. Brimacombe J. S., Mofti A. M., Westwood J. H.: Carbohyd. Res. 21,297 (1972). 
7. Foster A. B., Hems R., Westwood J. H., Brimacombe J. S.: Carbohyd. Res. 25, 217 (1972). 
8. Woodward B., Taylor N. F ., Brunt R. V.: Biochem. J. 114,445 (1969). 
9. Woodward B., Taylor N . F., Brunt R. V.: Biochem. Pharmacol. 20, 1071 (1971). 

10. Miles R. J., Pirt S. J.: Biochem. J. 114, 10 P (1969). 
II. White F. H., Taylor N . F. : FEBS (Fed. Eur. Biochem. Soc.) Letters 11, 268 (1970). 

12. Romaschin A., Taylor N. F., Smith D. A., Lopes D.: Can. J. Biochem. 55, 369 (1977). 
13. M{lcova J.: Thesis. Charles University, Prague 1975. 
14. Dolezalova J., Trnka T., Cerny M.: This Journal 47,2415 (1982). 
15. Wright J. A., Taylor N. F .: Carbohyd. Res. 3, 333 (1967). 
16. Cerny M., Stanek J. jr: Advan. Carbohyd. Chern. Biochem. 34, 24 (1977). 
17. Cerny M., Stanek J. jr, Padlk J.: This Journal 34, 1750 (1969). 
18. Zemplen G., Gerecs A., Valatin T.: Ber. Deut. Chern. Ges. 73, 575 (1940). 

19. Budesinsky M., Trnka T ., Cerny M.: This Journal 44, 1949 (1979). 
20. Adamson J., Foster A. B. , Hall L. D., Johnson R. N. , Hesse R. H.: Carbohyd. Res. J 5, 351 

(1970). 
21. Cerny M., Prikrylova V., Pacak J.: This Journal 37, 2978 (1972). 
22. Horton D., Wander J. D .: Carbohyd. Res. 10, 279 (1969). 
23. Jeffrey G. A., Kim H. S.: Carbohyd. Res. 14, 207 (1070). 
24. Durette P. L. , Horton D., Wander J. D .: Advan. Chem. Ser. 117, 147 (1973). 
25. Seldes A. M., Gros E. G., Thiel I. M. E., Deferrari J. 0.: Carbohyd. Res. 39, 11 (1975). 
26. Matsuhiro B., Zanlungo A. B., Pieber N .: Rev. Latinoam. Quim. 12,68 (198 1); Chern. Abstr. 

96, 6984 (1982). 
27. Ranganathan M., Rao V. S. R.: Curl'. Sci. 50, 933 (1981). 

Translated by Z. Prochazka. 

Collection Czechoslovak Chern. Cornrnun. [Vol. 481 [19831 




