
ELSEVIER Journal of Fluorine Chemistry 82 ( 1997) 33-38 

Organofluorine compounds and fluorinating agents 
Part 17: Sonochemical-forced preparation of perfluoroalkanals and their 

use for non-conventional acetalations of carbohydrates ‘, 2 

Alexey 0. Miller, Dietmar Peters, Comelia Zur, Michael Frank, Ralf Miethchen * 
Universitiit Restock. Fachbereich Chemie. Buchbinderstrasse 9. D-18051 Rosfock, Germany 

Received 2 May 1996; accepted 22 September I996 

Abstract 

The homologous I-iodo-perfluoroalkanes la-lc and cY,w-dibromo-perfluoroalkanes 4a, 4b were carbonylated with DMF in the presence 
of AI/SnCl, or Al/PbBr* under sonication in a short reaction time. The hydrated aldehydes 2a-2c and Sa, 5b respectively were obtained in 
good yields allowing dehydration to 3a-3c and 6a, 6b. Some of the fluorinated aldehydes were selected as substrates in a Wittig-Horner 
olefination assisted by ultrasound and in non-conventional acetalations of methyl Ly-L-rhamnopyranoside (9). Thus, (E) - 1-perfluorooctyl-2- 
phenylsulphonyl-ethene (8) was prepared from 3c and the phosphonate 7 by Wittig-Horner synthesis. Acetalations of 9 were carried out 
with the aldehydes (3a, 3b, 6a), hydrated aldehydes (2a, 2b), and the aldehyde hemiacetal 12 respectively, in the presence of dicyclohex- 
ylcarbodiimide (DCC) In all cases, a selective epimerization was observed at the C-atom 3 of the monosaccharide, i.e. polyfluoroalkylidenated 
6-deoxy-a-L-altropyranosides 10, 11,13, and 14 were obtained. 0 1997 Elsevier Science S.A. All rights reserved. 
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1. Introduction 

Perfluoroalkanals are useful ‘building blocks’ in the syn- 
thesis of resins, polymers, dyes, medicinals and insecticides 
[ 21. Recently, two research groups reported convenient pro- 
cedures to prepare perfluoroaldehydes and dialdehydes by 
alkylation of DMF with I-iodo-perfluoroalkanes and (Y,w- 
dihalo-perfluoroalkanes respectively in the presence of zinc- 
copper metal couple/radical initiator [ 31, Al/PbBr, [ 41 or 
Al/SnCl, [5]. Radical and electron transfer processes are 
supposed to be the key steps of the reactions. As is generally 
known, ultrasound especially favours and accelerates radical 
and single electron transfer (SET) processes [ 6,7]. Further- 
more, ultrasound has been applied successfully in heteroge- 
neous reactions, especially involving metals [ 81. Therefore, 
we investigated the influences of sonication on C-alkylations 
of DMF with I-halo-perfluoroalkanes and a,w-dihalo-per- 
fluoroalkanes; applications of ultrasound in fluorine 
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chemistry were reviewed recently [ 91. The target products, 
homologous perfluorinated alkanals (3a-3c) and 1y,o- 
dialkanals (6a, 6b), are useful precursors for a Wittig-Hor- 
ner synthesis and for acetalations of carbohydrates. 

Benefice-Malouet et al. [3] have observed an induction 
time of 5 min in ‘silent’ syntheses of perfluoroalkanals in the 
presence of zinc-copper metal couple/radical initiator. The 
total time of the reactions was relatively short (ca. 20 min) 
but following the described procedure we had some difficul- 
ties in the reproducibility of satisfying yields. Compared with 
that, the metal/initiator system Al/PbBr, used by Hu and 
Tang [ 41 required significantly longer reaction times, but the 
reaction was more convenient and reliable. 

We compared ‘silent’ and sonicated perfluoroalkylations 
of DMF with the I-halo-perfluoroalkanes la-lc and 4a, 4b 
in the presence of Al/SnCl, and Al/PbBr, respectively. 
Unlike the corresponding ‘silent’ procedures which have an 
induction time, the ultrasound assisted perfluoroalkylations 
started immediately at room temperature. After a reaction 
time of 4-24 h (‘silent’ procedures) and 0.25-3 h (‘soni- 
cated’ procedures) respectively (see Table 1)) the reaction 
mixtures were hydrolysed by aqueous acid to generate the 
hydrated perfluoroalkanals 2a-2c and Sa, Sb respectively 
(Scheme 1). It is noticeable that 1 -H-perfluoroalkanes 
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Table 1 
Uhrasonically forced synthesis of perfluoroalkanals and corresponding monohydrates (reagent DMF/A]) 

Substrate Catalyst ))))” Time (h) Product m.p.(solvent) (b.p.) (“C) Yield ( % ) 

C.,F,I 
C,F,,i 

GF, ,I 

W,A 

BrC,F,?Br 

BrC,F,,Br 

C&I 
W,J 

GF,d 

GF,d 

BrC,F,,Br 

BrC,F,?Br 

BrC,F,,Br 

SKl~ 
SnClz 

SrlCl~ 

SnCI, 

SnClz 

SnClz 

PbBrz 
PbBr, 

PbBrz + 0.25 

PbBr, + 0.25 

PbBr2 

PbBr, 

PbBrz 

+ 0.25 
- 24 

+ 0.25 

+ 0.25 

+ 3 

+ 3 

+ 0.25 
- 16 

- 4 

+ 1.5 

+ 1.5 

C,F,CHO (3a) 
C,F,XH(OH)> (2b) 
C,F,CHO (3b) 
C,F,KH(OH)z (2b) 
C,F, CHO (3b) 
W,,CH(OH), (2~) 
C,F,,CHO (3~) 
(HO)ZCHC,F,,CH(OH)2 (Sal 
OCHC,F,,CHO (6a) 
(HO)ZCHCRF,,CH(OH)> (Sb) 
OCHC,F,,CHO (6b) 
C,F,CHO (3a) 

W,,CH(OHL (2b) 
C,F,,CHO (3b) 
C,F,,CH(OH), (2b) 
C,F,,CHO (3b) 
C,F,,CH(OH)> (2~) 
C,F,,CHO (3~) 
(H0)2CHC,F,,CH(OH)Z (5a) 

OCHC,F,2CH0 (6a) 
(HO)ZCHC,F,,CH(OH)Z (5a) 
OCHC,F,&HO (6a) 
(HO)ZCHCRF,,CH(OH)2 (Sb) 
OCHC,F,,CHO (6b) 

(4749 [41) 41 

77-78 (CHCI,) 80 

60 

77-78 (CHCI,) 82 

(103-105)h 65 

91-94 (CHCI,) 78 

(125-126.5 [4]) 65 

125-128 (toluene: ethyl acetate 3:l) 87 

(144-146[4]) 60 

116118 (toluene: ethyl acetate 3: 1) 90 

68-70[4] 57 

50 

74 

65 

70 

62 

70 

60 

80 

65 

87 

60 

83 

60 

5onication; ‘I32 “C, 90-92 “C [4] 

(R,H) were formed in 3%-5% yield; other by-products were 
not further investigated. 

Two different procedures could be used to separate the 
hydrated perfluoroalkanals 2a-2c from the reaction mixtures. 
One possibility is to extract the compounds directly from the 
hydrolysed reaction mixtures with diethyl ether. After evap- 
oration of ether, light-brown solids were obtained. The 
hydrated perfluoroalkanals 2a-2c could be purified by sub- 
limation yielding colourless crystalline sublimates. 
Another possibility is to purify the hydrates of monoaldehy- 
des 2a-2c by steam distillation followed by extraction with 
ether. In this case, light-yellow products were obtained. 
The overall yields of 2a-2c are somewhat higher if steam 
distillation is used instead of sublimation. The hydrated 
dialdehydes 5a and 5b are sublimable but not steam volatile, 
i.e. only the first procedure could be used for separation and 
purification. 

GO )))) 
RF1 + H-C, 

NMe2 (n)oro- a RFCH(oH’2 
- RFCHO 

la-c 2a.c 3a-c 

90 )))) 
B’(CF2JnBr + ’ H-C-NMe2 (A)or(B) 

- - (HO&H K&J, CH(OH)p 
,,@/H@ 

4, b 5% b 

)))) = sonicabn, 
(A)=Al/F’bBrz; (6) = Al I Snu& 
RF: a = CdF& b = cBF,a; c = GF,, 

” a=& b=8 

Scheme I. 

OHC (CF*)” CHO 

68, b 

Dehydration of the compounds 2a-2c and Sa, Sb was car- 
ried out as reported [ 3,4, lo] by distillation from P205 giving 
the aldehydes 3a-3c and 6a, 6b respectively in good yields. 

The structures of the compounds 2a-2c, 3a-3c, Sa, Sb and 
6a, 6b were confirmed by their ‘H and 19F NMR spectro- 
scopic data summarized in Table 2. The chemical shifts of 
the corresponding aldehyde protons were found to be 
6= 5.36-5.40 (aldehyde hydrates) and 6= 9.50-9.58 (alde- 
hydes) The H atoms of the CHO groups coupled with a-CF, 
and P-CF, so that two JrrF coupling constants were found 
(3JriF 3.4 Hz and 4JH,F 1.0 Hz respectively). In previous 
reports [ 3,101 only the couplings of 1 Hz were given. The 
aldehyde protons of aldehyde hydrates 2a-2c and Sa, 5b gave 
‘J,,,, couplings of 8.3 Hz (Table 2). 

The ultrasound-assisted Wittig-Horner synthesis of aryl- 
and alkylsulphonyl phosphonates with carbonyl compounds 
[ 111 including trifluoroacetophenone [ 121 has been proved 
a useful access to vinylsulphones. The reaction in general 
leads to the trans isomer as major product, in some cases even 
as the only product [ 11,131. We synthesized the perfluo- 
roalkyl substituted vinylsulphone 8 by Wittig-Horner olefi- 
nation from the phosphonate 7 and the perfluorononanal 3c 
assisted by sonication. The reaction proceeds readily and 
yields 53% (isolated) of (E) - 1-perfluorooctyl-2-phenylsul- 
phonyl-ethene (8) (Scheme 2). NMR spectra showed the 
presence of only one isomer which is the trans isomer. In 
fluorinated alkenes of the type XCF,-CH=CHR, the 
observed couplings 4Jn.F are always less than 1 Hz (0.4-0.9 
Hz) if the a-CF2 group and the corresponding hydrogen are 
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Table 2 
‘H and ‘T NMR spectra of the perfluoroalkanals 3a3c, 6a, 6b and corresponding monohydrates 2a-2c, 5a, 5b 

Compound ‘H NMR ‘9 NMR (8) 

2a C,F,CH( OH ) ; 
3a C F CHO‘,“ 4 9 
2b C6F&H(OH); 

3b C F CHO’.” 6 13 

2c C8F,,CH(OH); 

3c C F 8 17 CHO’,” 

5a (HO),CHC,F,2CH(OH)B, 
6a OCHC F 6 ,z CHOC,“ 
5b (HO)#.ZHC,F,,CH(OH); 
6b OCHC F R 16 CHOC.J 

S=5. 39 (t. IH. ‘&=8.3 Hz)” 
8=9.54 (tt, lH, 3JH,F=3.44J~,Fz I.0 Hz) 
8=.5.36 (t, IH, ‘&=8.3 Hz)” 

6=9.50 (tt, lH,~J,,=3.4H~,~5,,,= l.OHz) 

6=5.40 (t, 1H. 1JH,Fz8.3 Hz)” 

8=9.50 (tt, IH. ‘J,,,=~.~Hz,~J,,,= I.0 Hz) 

6=5.40 (t, 2H, ‘J,,,=8.3 Hz)” 
6=9.58 (t. 2H. ‘&=3.4 Hz) 
6=5.40 (t, 2H. ‘.&=8.3 Hz)~ 
6=9.58 (t. 2H. ‘JH,,=3.4 Hz) 

81.5 (3F). 123.8 (2F). 126.6 (2F). 128.8 (2F) 
80.9 (3F), 124.3 (2F), 125.4 (2F), 125.8 (2F) 
81.5 (3F). 122.3 (2F). 122.7 (2F), 123.0 (2F), 126.5 (2F). 
128.2 (2F) 
81.9 (3F). 122.1 (2F). 123.3 (2F), 124.0 (2F), 126.2(2F), 
126.8 (2F) 
81.5 (3F). 122.1 (6F), 122.7 (2F), 122.9 (2F). 126.4 (2F), 
128.2 (2F) 
81.5 (3F), 121.7 (2F), 122.1 (4F), 122.9 (2F). 123.7 (2F), 
125.8 ( 2F), 126.5 (2F) 
122.2 (4F), 122.7 (4F). 128.3 (4F) 
121.4 (4F), 123.3 (4F), 125.3 (4F) 
122.1 (SF), 122.7 (4F), 128.2 (4F) 
121.2 (4F), 121.5 (4F), 123.1 (4F), 125.1 (4F) 

“Recorded in acetone-d,; 
“the chemical shifts of the OH protons are found at 6 = 6.2-6.3; 
‘recorded in CDCl,; 
“[3.10] &= l.OHz. 

7 w 
)))I, BuLl 

CF3WJ,\ ,H 
+ H/c=c’s02 

CF,(CFJ,CHO 

3c 8 

Scheme 2. 

tram arranged. If they are on the same side (cis), values of 
“Jli., = 1.5-2.5 Hz are observed [ 141. In similarity to this, 
4JH,F couplings of 1.5 Hz were found for the vinylsulphone 8 
indicating a trans arrangement of the perfluoroalkyl and the 
phenylsulphonyl group. 

It was suggested that perfluoroalkyl-containing sugars 
could be used as surfactants and co-surfactants for biomedical 
uses [ 151. Generally, fluorine containing carbohydrates are 
important sensors in studies of transport, metabolism, and 
enzymology of sugars [ 16,171. 

In 1994 it was reported that the reaction of hexafluoroac- 
etone and dicyclohexylcarbodiimide (DCC) with bis-vicinal 
triols (pyranosides) having a cis, trans sequence of hydroxyl 
groups resulted in the formation of cyclic acetals in which 
the central carbon of the trio1 had the inverted configuration 
[ 181. Moreover, we have shown that chloral likewise gen- 
erates cyclic acetals from suitable pyranosides in the presence 
of DCC [ 191. The non-classical pathway of these acetalations 
involves the in situ formation of a cyclic imidocarbonic ester 
intermediate followed by an intramolecular S,Zattack by a 
deprotonated neighbouring hemiacetal moiety [ 191. 

Now, we investigated the introduction of perfluoroalkyl 
chains into a monosaccharide moiety by acetalation 
(Scheme 3). Thus, methyl a-L-rhamnopyranoside (9) was 
heated for 4.5 h in 1,2-dichloroethane with two equivalents 
of the perfluoroalkanals 3a or 3b in the presence of DCC 
generating the corresponding methyl 2-O-cyclohexylcarba- 
moyl-6-deoxy-3,4-0-polyfluoroalkylidene-aopyrano- 

RF RF 

Scheme 3 

9 ij 

10,11,13(end@H?om) 

10:RF=C4F9; 11: RF=hF13; 13:RF=CFa 

Scheme 4. 

sides 10 and 11 in moderate yields (40%-50% after 
chromatographic purification) (Scheme 4). 

Unlike acetalations with chloral [20], even the hydrated 
aldehydes 2a, 2b could be used to generate the polyfluoroal- 
kylidene derivatives 10 and 11 by acetalations of 9 in the 
presence of DCC using the same procedure given in Sec- 
tion 2. The yields are decreased (20% and 33% for 10 and 
11 respectively). Furthermore, it is noticeable that 2,2,2- 
trifluoroethanal (fluoral) could not be used in non-conven- 
tional acetalations of 9, because polymerization occurred 
when DCC was added. However, using the hemiacetal 12 
instead of fluoral, the acetalation was successful. Thus, rham- 
noside 9 treated with 2,2,2-trifluoroethanal methylhemiacetal 
(12) and DCC gave the altrose derivative 13 in a yield of 
55%. It is noticeable that exclusively the endo-Hdiastereomer 
was formed (Scheme 4). 
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Ho Oh% 
Me 

97 
+ OHC (CF&CHO 

HO OH 
9 6s 

:: 
I 

DCC 

C&LHN- C-0 

O-&WsH,, 

B 

14 (en&H form) 

Scheme 5. 

15 

Finally, methyl rhamnoside 9 was acetalated with the LY,W- 
dialdehyde 6a under analogous reaction conditions as 
described for monoaldehydes. In this case, a mixture of endo- 
H/en&-H and endo-Hlexo-H diastereomers (approximately 
10: 1) was formed. The en&-H/en&-H major isomer 14 was 
obtained in pure form by recrystallization of the mixture from 
heptane:ethanol. The molecular mass of 14 was determined 
by mass spectrometry (m/z 928 (M+)). Furthermore, the 
structure of compound 14 could be supported by its ‘H, 13C, 
and ‘v NMR spectra. Thus, only three different signals 
(S= - 127, - 123, - 122.2) were observed for the six CFP- 
groups, showing the symmetrical arrangement of the mole- 
cule. The chemical shifts and coupling constants of the two 
altrose moieties of 14 are identical; the observed H,H- 
couplings correspond to reported data of methyl 2-0- 
cyclohexylcarbamoyl-6-deoxy-3,4-O-( 2,2,2-trichloroethyl- 
idene)-cY-L-altropyranoside [ 211 and to the values of the 
polyfluoroalkylidene derivatives 10 and 11. The triplet of the 
two en&-H acetal protons is found at 6= 5.70. It is important 
to mention that two by-products were obtained in acetalation 
of 9 with the a,w-dialdehyde 6a. Thus, methyl cr-L-rhamno- 
pyranoside 2,3-carbonate (15) could be separated after 
quenching the reaction mixture with 2% aqueous HCl (c.f. 
Section 2) (Scheme 5). Its melting point ( 167-169 “C) and 
the value of the optical rotation ( [(Y] g = - 57.2”) corre- 
spond with literature data reported for this compound [ 221. 
Compound 15 could be formed by hydrolysis of a cyclic 
imidocarbonic ester intermediate (cf. Scheme 3). This sep- 
aration of the cyclic carbonate 15 is a further important indi- 
cation of the correctness of the postulated non-classical 
pathway of acetalation [ 191. 

Another by-product was observed when the reaction mix- 
ture was worked up by treatment with 10% aqueous acetic 
acid instead of HCl. The observed compound seems to be an 
intermediate of the hydrolysis occurring previously leading 
to the formation of 15. It is less stable than 15 and contains a 
perfluoroalkyl group. Unfortunately, this by-product could 
not be exactly characterized so far. 

2. Experimental 

Sonication was carried out in an ultrasonic bath Sonorex 
RK 102 H (Bandelin), 3.5 kHz, 2 X 120 W electrical input in 

order to prepare the perfluoroalkanals; a VIBRACELL VCX- 
400, 20 kHz, 6 or 13 mm probe, 120 W electrical input was 
used in the Wittig-Horner synthesis. All the ultrasound 
assisted reactions were carried out under an argon atmos- 
phere. Column chromatography utilized silica gel 60 (63- 
200 pm, Merck) and thin-layer chromatography (TLC) sil- 
ica gel foils 60 F,,, (Merck). The NMR spectra were 
recorded by Bruker AC 250 and ARX 300 equipment: ‘H 
NMR, internal standard TMS; 19F (H} NMR, referred to 
CFCl,. A polarizing microscope Leitz (Laborlux 12 Pol) 
equipped with a hot stage (Mettler FP 90) was used for 
determination of melting points. Chemicals: I,1 ,l-trifluoroe- 
thanal methylhemiacetal (Hoechst AC). 

2.1. Perjluoroalkanals (general procedure) 

40 mmol of the corresponding I-iodo-perfluoroalkane la- 
lc (or a,w-dibromoperfluoroalkane 4a, 4b) were added to a 
suspension of Al-powder 3 (48 mmol) and SnClZ3 (4 mmol) 
(or 1 mmol of PbBr,j) in 80 ml of dry DMF at room tem- 
perature. The reaction mixture was stirred (or sonicated, 
Table 1)) poured into 2% aq. HCl, filtered and extracted with 
diethyl ether (8 times). The organic solution was washed 
with 0.5% aq. HCl, dried with Na2S04 4 and the solvent was 
evaporated. Dehydration of the residue with P,05 and distil- 
lation (analogously to Refs. [ 3-51) gave the corresponding 
aldehyde; for further experimental details and NMR data see 
Table 1 and Table 2. 

(E) - 1 -Per$!uorooctyl-2-phenylsulphonyl-ethene (8) 
(according to [ 11,121) . Under sonication butyl lithium ( 1.1 
mmol of a 1.6 M solution in hexane) was slowly added under 
argon to a solution of phosphonate 7 (292 mg, 1 mmol) in 
25 ml THF. After further sonication (30 min) perfluoro- 
nonanal (3~) (448 mg, 1 mmol) was added and the irradia- 
tion was continued for 30min. To work up, asaturatedNH,CI 
solution (25 ml) and CH&l, (25 ml) were added, the 
organic phase was separated, washed with a saturated 
NaHCO, solution (25 ml) and water (25 ml). After drying 
with Na,SO, and evaporation of the solvent, the residue 
(crude yield 86%) was chromatographed by preparative cir- 
cular thin layer chromatography (Harrison Research Chro- 
matotron 8924, Merck silica gel containing gypsum, 
heptane:ethyl acetate 1: 1) yielding 155 mg (53%) of sul- 
phone 8. Recrystallization from pentane gave needles of m.p. 
loo-103°C. ‘HNMR (250MHz,CDCI,): 6=6.89 (dt, lH, 

3J~.~ = 22.0 Hz, 3JH.H= 15.3 Hz, =CH), 7.06 (dt, lH, 
4J~.~ - 1.5 Hz, =CH), 7.60-7.90 (m, 5H, aromat.). ‘“F (H) 
NMR (235 MHz, CDCl,) : 6 = - 125.7 (2F, CF*), - 122.6 
(2F, CF,), - 122.3 (2F, CF,), - 121.5 (4F, CFZ), - 121.0 
(2F,CF,), -112.7 (2F, CF,), -80.5 (3F, CF,). 
C,,H,F,,O,S (586.26): calculated C 32.78, H 1.20, S 5.47; 
found C 32.82, H 1.28, S 5.38. 

’ For a,cudibromoperRuoroaJkane, 96 mmol of Al, 10 mmol of SnCl, 
and 2 mmol of PbBr,. 

4 Purification of the hydrated perfluoroalkanals 2a-2c was possible by 
steam distillation followed by extraction with diethyl ether. 
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2.2. Perfluoroalkylidene derivatives of 6-deoxy-L- 
altropyranosides (general procedure) 

Methyl 2-0-cyclohexylcarbamoyl-6-deoxy-3,4-O-perfluo- 
roalkylidene-a-L-altropyranosides (10, 11). A mixture of 
methyl a-L-rhamnopyranoside (9) (0.92 g, 5.2 mmol), DCC 
(2.14 g, 10.4 mmol), perfluoroalkanal 2a, 2b, 3a, 3b or 12 
(10.4 mmol) and 1,2-dichloroethane (10 ml) was refluxed 
for 4.5 h ( 1 ,l, 1 -trifluoroethanal methylhemiacetal 8-10 h) 
Then the solution was cooled to room temperature and shaken 
for 30 min with 2% aqueous HCl (or 10% aqueous acetic 
acid) in order to destroy remaining DCC (the precipitated 
N,N’-dicyclohexylurea is filtered off). Finally, dichlorome- 
thane (20 ml) was added, the organic phase was washed with 
saturated NaHCO, solution (twice with 20 ml) and water 
(twice with 30 ml), dried over Na,SO, and concentrated in 
a rotary evaporator. The residue was dissolved in acetone ( 15 
ml), whereby the remaining N,N’-dicyclohexylurea can be 
separated. After concentration the syrupy yellowish crude 
product was purified by column chromatography (eluent tol- 
uene:ethyl acetate 6-10: 1 v/v). 

Methyl 2-0-cyclohexylcarbamoyl-6-deoxy-3,4-0- (2,2,- 
3,3,4,4,5,5,5-nonaf[uoropentylidene)-a-L-altropyranoside 
(10). Rf= 0.65 (toluene:ethyl acetate 3: 1 v/v); yield 1.07 g 
(38% as mixture of endo-Hlexo-H diastereomers 5: 1); m.p. 
94-96 “C (hexane) . ‘H NMR (250 MHz, CDCl,) : 6 = 1.16 
(m, 3H, cyclohexyl CH?), = 1.32 (m, 2H, cyclohexyl CH?), 
1.35 (d, 3H, Js,h.CH3 = 6.1 Hz, 6-CH,), = 1.65 (m, 3H, 
cyclohexyl CH,), = 1.97 (m, 2H, cyclohexyl CHZ), 3.37 (s, 
3H, OCH,), 3.46 (m, lH, cyclohexyl CH), 3.79 (dq, lH, 
J 4,5=8.8 Hz, 5-H), 4.09 (dd, lH, J,,,=6.1 Hz, 4-H),4.31 
(dd, lH, J2,3=5.2 Hz, 3-H), 4.58 (d, lH, J,,2=3,0 Hz, l- 
H), 4.65 (m, lH, NH), 5.05 (dd, lH, 2-H), 5.31 (t, lH, 
J nIF=7.6 Hz, exo-acetal H), 5.52 (t, lH, J,,,=8.5 Hz, 
endo-acetal H). 13C NMR (62.9 MHz, CDCl,): 6= 18.6 
(C6), 24.7, 24.7, 25.4, 25.4, 33.2 (cyclohexyl CH2), 50.2 
(cyclohexyl CH), 55.6 (OCH,), 63.3 (C5), 69.6 (C2), 76.4 
(C3), 77.6 (C4), 98.2 (t, JC,F=26.0 Hz, acetal C), 99.2 
(Cl), 105-120 (m, CF2, CF,), 153.8 (carbamoyl C=O). 
lYF {H} NMR (235 MHz, CDC13): 6= -128.1 (d, lF, 
J F/F = 282 Hz, CF,-CH), - 126.6 (d, lF, JFIF = 282 Hz, 
CF,-CH), -125.9, -123.6 (s, 2F, CF,), -80.7 (CF,). 
C,,H,,F,NO, (533.38): calculated C 42.78, H 4.54, N 2.63; 
found C 42.62, H 4.48, N 2.61. MS (auto-Cl, 100 eV): 
m/z=533 (M+). 

Methyl 2-0-cyclohexylcarbamoyl-6-deoq-3,4-O-(2,2,- 
3,3,4,4,5,5,5,6,6,7,7,7-trideca~uorohep~lidene)-a-L-altro- 
pyranoside (11). Rf= 0.62 (toluene:ethyl acetate 3: 1 v/v); 
yield 1.58 g (48%, as mixture of endo-Hlexo-H diaste- 
reamers 5: 1) ; m.p. 91-93 “C (hexane) . ‘H NMR (250 MHz, 
CDC13):6=l.16(m,3H,cyclohexylCH,), =1.32(m,2H, 
cyclohexyl CH?), 1.35 (d, 3H, J5,h.CH3 = 6.1 Hz, 6-CH,), 
= 1.65 (m, 3H, cyclohexyl CH,) , = 1.97 (m, 2H, cyclohexyl 
CH,), 3.38 (s, 3H, OCH,), 3.43 (m, lH, cyclohexyl CH), 
3.79 tdq, 1K Ja ~8.8 Hz, 5-H), 4.09 (dd, lH, J3,4=6.1 
Hz, 4-H), 4.31 (dd, lH, J,,,-5.2 Hz, 3-H), 4.58 (d, lH, 

J rj2=3.0Hz, l-H),4.65 (m, lH, NH), 5.06 (dd, lH, 2-H), 
5.31 (exo-acetal H), 5.53 (t, lH, JHIF = 8.8 Hz, endo-acetal 
H). 13C NMR (62.9 MHz, CDCl,): 6= 18.6 (C6), 24.6, 
24.6, 25.4, 33.2 (cyclohexyl CH?), 50.2 (cyclohexyl CH), 
55.4 (OCH,),63.5 (C5),69.7 (C2),76.5 (C3),77.8 (C4), 
98.3 (t, Jw ~25.5 Hz, acetal C), 99.2 (Cl), 105-120 (m, 
CF,, CF,), 153.8 (carbamoyl GO). ‘“F (H} NMR (235 
MHz, CDCl,): 6= - 127.8 (d, lF, J,,,=282Hz,CF,-CH), 
- 126.4 (d, lF, JFIF = 282 Hz, CF,-CH), - 125.8, - 122.5, 
-122.5, -121.7(s,2F,CFZ), -80.6(CF3).C,,H,,F,3N0, 
(633.40) : calculated C 39.82, H 3.82, N 2.21; found C 40.06, 
H 3.76, N 2.26. MS (auto-Cl, 1OOeV): m/z=633 (M+). 

Methyl 2 - 0- cyclohexylcarbamoyl-6-deoxy-3,4-O-( 2,2,2- 
tri’uoroethylidene) -a-L-altropyranoside ( 13). Rf = 0.58 
(toluene:ethyl acetate 6:l v/v); yield 1.10 g (55%, pure 
endo-H diastereomer) ; m.p. 158-159 “C (ethanol) ; [ a] &‘-’ 
- 49.02” (c = 0.865, CHC&). ‘H NMR (250 MHz, CDC13) : 
S= 1.03-1.23 (m, 4H, cyclohexyl CH,), 1.33 (d, 3H, 
JS/,-CW = 6.0 Hz, 6-CH,), 1.51-1.73 (m, 4H, cyclohexyl 
CH,), 1.85-1.99 (m, 2H, cyclohexyl CH*), 3.36 (s, 3H, 
OCH,) , 3.44-3.55 (m, 1 H, cyclohexyl CH) , 3.77 (dq, 1 H, 
J,I,-CH, -6.0 Hz, 5-H), 4.06 (dd, lH, J4,5 = 8.8 Hz, 4-H), 
4.29 (dd, 1 H, J3,4 = 5.9 Hz, 3-H)) 4.56 (d, lH, J, ,2 = 2.7 Hz, 
I-H), 4.68 td, lH, JF,WE, ~7.2 Hz, NH), 5.04 (dd, IH, 
J 2,3=5.4 Hz, 2-H), 5.70 (q, lH, J,,,=4.3 Hz, endo-acetal 
H). 13C NMR (62.9 MHz, CDCI,): 6=18.9 (C6), 25.1, 
25.8, 33.6 (cyclohexyl CH,), 50.6 (cyclohexyl CH), 56.0 
(OCH,),63.4 (C5),69.7 (C2),76.4 (C3),77.1 (C4),97.9 

(43 Jm =36.2Hz,acetalC),99.5(Cl),122.0(q,Jc,,=285 
Hz, CF,), 154.2 (carbamoyl C=O). ‘“F {H) NMR (235 
MHz, CDCI,) : 6 = - 82.7 (CF,) C,,H,,F3N06 (383.15) : 
calculated C 50.11, H 6.31, N 3.65; found C 50.14, H 6.38, 
N3.70.MS (auto-Cl, lOOeV):m/z=384(M++l). 

1,6-Bis-( methyl 2-0-cyclohexylcarbamoyl-6-deoxy-3,4- 
0-methylidin-a-L-altropyranoside) dodecafluorohexane 
( 14). A mixture of methyl cw-L-rhamnopyranoside (9) ( 1 .O 
Is 5.6 mmol), DCC (2.3 g, 11.2 mmol), 
2,2,3,3,4,4,5,5,6,6,7,7-dodecafluorooctane-l,8-dial (ha) 
(1.0 g, 2.8 mmol) and 1,2-dichloroethane (10 ml) was 
rehuxed for 5 h. The mixture was worked up (under shaking 
with 2% aqueous HCl) as described in the general procedure. 
The compounds 14 (R, = 0.3 1) and 15 (R, = 0.15 ) were sep- 
arated by column chromatography (toluene:ethyl acetate 3: 1 
v/v). 

Yield of 14,0.28 g ( 1 I%, mixture of endo-Hlendo-H and 
endo-H/exe-H diastereomers). Recrystallization from hep- 
tane:chloroform (3:l) gave the pure endo-Hlendo-H dia- 
stereomer 14: m.p. 191-193 “C; [a]:= +38.4” (c=l.O, 
CHCl,). 

Yield of methyl a-L-rhamnopyranoside 2,3-carbonate 
(15), 0.21 g (18%); m.p. 167-169 “C (heptane:ethanol 
1O:l); [(Y]K = -57.2” (c= 1.0, CHCl,), Literature data 
[22] m.p. 169-171 “C, [a]?= -59.0” (c= 1.0, CHCI,). 

14. ‘H NMR (250 MHz, acetone-d,) : 6% 1.26 (m, 5H, 
cyclohexyl CH,), 1.30 (d, 3H, Js,6.CH3 z 6.4 HZ, 6-CH3), 
= 1.58 (m, lH, cyclohexyl CH,), = 1.70 (m, 2H, cyclohexyl 
CHz)> = 1.88 (m, 2H, cyclohexyl CH,) ,3.34 (s, 3H, OCH3), 
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~3.38 (m, lH, cyclohexyl CH), 3.83 (dq, lH, J,,,=8.9 
Hz, 5-H), 4.13 (dd, lH, J,,,=5.2 Hz, 4-H), 4.33 (dd, lH, 
J ~,~=4.9 Hz, 3-H), 4.54 (d, lH, J,,,=2.7 Hz, I-H), 4.98 
(dd, lH, 2-H), 5.70 (t, JHIF = 8.9 Hz, endo-acetal H) , 6.25 
(m, lH, NH). 13C NMR (62.9 MHz, acetone-d,): 6= 18.9 
(CH,), 25.7,26.3,33,7 (cyclohexyl CH,) ,5 1.1 (cyclohexyl 
a), 55.4 (OCH3), 64.2 (C5), 70.3 (C2),77.8 (C3),78.9 
(C4),99.0 (t,JC,F= 25.5 Hz, acetaLC), 100.1 (Cl), 155.0 
(C=0).‘gF(H}NMR(235MHz,acetone-d,):S= -122.2 
(s, 4F, y, Y’-CFZ), - 123.0 (s, 4F, /3, P’-CF,), - 127.7 (s, 
4F, cr,a’-CF,). C36H48F,2N20,2 (928.80): calculated C 
46.55, H 5.21, N 3.02; found C 46.64, H 5.23, N 3.02. MS 
(70eV): m/z=928 (M+). 

15. ‘H NMR (250 MHz, acetone-d,): 6= 1.28 (d, 3H, 
J5,6r-3=6.4 Hz, 6-CH3), 3.35 (ddd, lH, J,,,=9.8 Hz, 4- 
H), 3.37 (s, 3H, OCH,), 3.64 (dq, lH, 5-H),4.64 (dd, lH, 
J 3,4=7.0 Hz, 3-H), 4.72 (dd, lH, J2,3=7.0 Hz, 2-H), 4.92 
(4 1I-k JI/z= 0.6Hz, I-H),4.95 (d, lH,J,,,,=5.8HzOH). 
13C NMR (62.9 MHz, acetone-&): 6= 17.5 (CH,), 55.1 
(OCH3), 65.7 (C5),74.0 (C4),77.5 (C2). 80.5 (C3), 97.0 
(Cl), 154.5 (C=O). C,H,,O, (204.18): calculatedc 47.06, 
H 5.92; found C 47.36, H 5.92. MS (70 eV): m/z=204 
CM’). 
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