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ABSTRACT: The advantages of using hemifluorinated surfac- HO

O

tants as an efficient alternative to detergents for manipulating Kk;é/o o FOF F
membrane proteins in aqueous solution have been demonstrated HQ, OH PSP
in recent reports. However, the large-scale synthesis of these R H ﬁ FIlrIlF ﬂ
surfactants is still considered as a major matter and has limited o Q Spacer arm FFF
their use for biochemical purposes. We report herein the synth- HO OH To increase the dff inity

. . toward membrane proteins
esis of a novel series of perfluorohexane-based surfactants en-

dowed with a short propyl hydrocarbon tip and whose polar head HOHO
size is modulated by the presence of two or three glucose
moieties. The synthetic route is based on the radical addition
of two alkenes onto the 1,6-diiodoperfluorohexane using AIBN as a radical initiator, affording the surfactants in satisfactory overall
yields. The self-assembling properties of these hemifluorinated surfactants were studied by surface tension measurements, dynamic
light scattering, as well as their behavior upon reversed-phase chromatography and were compared with those of their perfluorinated
analogues. Our findings strongly suggest the predominant influence of the propyl tip on both adsorption and micellization
phenomena as well as on the hydrophobic character of the surfactants, whereas as previously observed, the shorter ethyl tip does not
greatly affect these properties when compared to the perfluorinated analogues. Moreover, all the surfactants reported here self-
assemble into small and monodisperse aggregates, a feature of crucial importance for biochemistry applications.

To decrease the detergent property
R =0OH or O-5-D-Glu

B INTRODUCTION membrane proteins than detergents as their micelles are poor
solvents for lipids and other stabilizing hydrophobic cofactors,
and therefore, they would not induce their destabilization even at
high concentration. Moreover, the bulky and rigid fluorinated tail
would intrude less easily into the protein structure itself."> Since
it was demonstrated that the extremity of the hydrophobic chain
of the surfactant interacts with the hydrophobic part of MPs through
multiple close contacts,'* the affinity of fluorinated surfactants
toward MPs has been improved by the addition of an ethyl tip to
the fluorinated chain. This has led to a new class of surfactants,
the so-called hemifluorinated surfactants (HFSs).">®

Recently, we reported the synthesis of the first series of
(hemi)fluorinated surfactants derived from glucosylated tris-
(hydroxymethyl)aminomethane (TRIS)."” The design of this
series was based on Israelachvili’s concept,'® and we showed that

by varying the size of the headgroup, the type of aggregates
one can cite amphigathic peptides,? tripod amphiphiles,* tandem formed by these amphiphiles could be modulated. While surfac-

facial hiphiles, hipathi I )678 d fluorinated tants bearing two or three glucose moieties led to the formation
siCrECS:EtP; E%SI)_%S amphipatiuc polymets and fuorinate of small and well-defined spherical micelles, large 1c_)rlindrical ones

were obtained with monoglucosylated derivatives.'”"” We proved

Membrane proteins (MPs), which correspond to about 30%
of the proteome, perform a wide range of essential cellular
functions and therefore have a considerable therapeutic impor-
tance. The extraction and isolation of MPs from their biological
environment is a primordial step for the determination of their
structures as well as a requirement for the understanding of their
role and function. The recent findings have resulted from efforts
undertaken in obtaining pure homogeneous membrane proteins
and understanding protein—lipid and protein—detergent inter-
actions for proper stabilization of the active form. Indeed,
detergents, which are commonly used for MP extraction, can
often lead to the destabilization and irreversible inactivation of
MPs because of their dissociating effect.' To circumvent these
problems, current research focuses on the development of alternative
approaches to classical detergents.” Among these novel approaches,

ESs have the same general structure as classical detergents, i.e.,
a hydrophilic headgroup and a hydrophobic tail, but the latter
is fluorinated. Since hydro- and fluoroalkanes are poorly Received:  December 7, 2010
miscible,'"” "> FSs are expected to be less aggressive toward Published: March 08, 2011
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Figure 1. Chemical structures of the previously developed H,Fs-Diglu
and the new ethyl- and propyl-ended surfactants H,FsH;-Diglu, H3FsH;-
Diglu, and HyF¢H;-Triglu.

that homogeneous complexes of two membrane proteins
(bacteriorodopsine and cytochrome bgf) and this series of
glucose-based surfactants were obtained only with surfactants
forming homogeneous micelles. Moreover, surfactants bearing
one or two glucose moieties were found stablhzmg, whereas
those with three moieties were destabilizing.'” The conclusion was
that the diglucosylated hemifluorinated surfactant (H,Fs-Diglu)
and to a lesser extent its fluorinated analogue (F¢-Diglu)—both
having an intermediate polar head size—are the best candidates
for biochemistry and structural studies. In addition, first tests
showed that bacteriorhodopsin could be successfully refolded in
these compounds (unpublished data). However, although the
synthesis of Fs-Diglu can be achieved in a satisfactory overall
yield, the preparation of its hemifluorinated analogue H,Fs-Diglu
causes limitations for gram-scale synthesis, a requirement for
biochemistry purposes. Moreover, since hemifluorinated surfac-
tants are nowadays considered as a very promising alternative to
classical detergents for handling MPs in aqueous solution, it is of
importance to conceive synthetic routes that would allow both
gram-scale synthesis and an easily tuning of the fluorine/hydrogen
atoms distribution within the hydrophobic tail making possible
the study of the physical—chemical and biochemical properties.

Therefore, we report herein the synthesis of a new series of
glucose-based hemifluorinated surfactants bearing a hydrocar-
bon propyl tip using radical addition of two alkenes onto the
commercially available 1,6 diiodoperfluorohexane. To the best of
our knowledge, this is the first time that propyl-ended hemi-
fluorinated surfactants have been reported. In order to confirm
our previous findings on the effect of the size of the polar head on
the physical-chemical and biochemical properties, di- and triglu-
cosylated derivatives respectively labeled H;FsH;-Diglu and
H;3FH;-Triglu were synthesized (Figure 1). For the sake of
comparison perfluorinated analogues as well as an ethyl-ended

Scheme 1. Retrosynthetic Route for the Synthesis of the
Propyl-Ended Surfactants
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hemifluorinated surfactant H,FsH;3-Diglu were also synthesized.
The comparative physical—chemical properties in aqueous solu-
tion were studied by surface tension measurement and dynamic
light scattering (DLS) as well as their behavior upon reversed-
phase chromatography.
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B RESULTS AND DISCUSSION

Synthetic Strategy. The convergent synthetic route for the
synthesis of the propyl-ended surfactants is based on three key
steps (Scheme 1): (i) synthesis of the polar head precursors by
condensation of the commercially available butenoic acid and
trishydroxymethyl aminomethane (TRIS), followed by selective
O-glucosylation of the TRIS moiety; (ii) radical addition of the
polar head precursors onto 1,6-diiodoperfluorohexane; (iii)
second radical addition of the propylene which will constitute
the hydrocarbon propyl tip. Since butenoic acid was used as a
connector, a spacer arm comprising three methylene groups is
inserted between the polar head and the alkyl chain of the
surfactant.

(a) Synthesis of the Glucosylated Olefins. A connected
synthetic pathway as that previously reported for trishydroxy-
methyl acrylamidomethane (THAM) derivatives was used for
the preparation of the polar head precursors (Scheme 2)."”
Condensation of the commercially available butenoic acid onto
TRIS was achieved using EEDQ in refluxing ethanol to afford 1
in good yield (82%). Compound 1 was further used as basic
structure for the synthesis of the polar heads. The triglucosylated
TRIS-based polar head 2 was obtained in 59% yield by direct
glucosylation of compound 1 using the Helferich method in the
presence of mercury cyanide and an excess of tetra-O-acetyl-3-p-
glucopyranosyl bromide under ultrasonic activation. Compound
2 was thus prepared in 46% overall yield in two steps from
butenoic acid. The diglucosylated TRIS-based polar head § was
prepared as shown in Scheme 2. First, two hydroxyl groups of
compound 1 were protected by reaction with 2,2-dimethoxypro-
pane to lead to compound 3. The remaining free hydroxyl group
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Scheme 2. Synthesis of Polar Heads
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Scheme 3. Synthesis of Propyl-Ended Hemifluorinated Surfactants
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was further protected by reaction with a 1:1 v/v mixture of Ac,O/
pyridine to yield compound 4. Finally, hydrolysis of the 1,3
acetonide under mild acidic conditions yielded the monoacetylated
derivative which was next diglucosylated using the Helferich method
under ultrasonic activation. Compound 5 was thus prepared in 21%
overall yield in five steps from butenoic acid.

(b) Radical Addition of Perfluoroaky! lodide onto Alkenes.
The second key step in the synthesis of this novel series of
hemifluorinated surfactants relied on the connection of the
fluorinated core onto glucosylated olefins. This was achieved
by radical addition of 1,6-diiodoperfluorohexane onto compounds 2
and § in the presence of AIBN as radical initiator (Scheme 3). Free-
radical addition of perfluoroalkyl iodide (RA) on unsaturated
compounds such as olefins using a radical initiator™® is a very
convenient method for the introduction of fluorinated segments.
Radical reactions using AIBN as initiator generally proceed in high
yields, and the purification of the crude product is usually easy. The
choice of the solvent is also critical to mediate iodofluoroalkylation
in good yield.>" Whereas some authors proscribe the use of
solvents in such reactions, in our case, due to the solid state of
the glucosylated olefins and their possible degradation at high
temperatures, we used THF as reaction solvent. THF has the
advantage of a low boiling point (66 °C) allowing a relatively
slow decomposition of AIBN and at the same time a limited
degradation of the glucose moieties.

2086

However, an important point consists in the presence of two
terminal CF,I of the 1,6-diiodoperfluorohexane, which could
lead to bis-addition instead of simple monoaddition. In order to
circumvent this problem, the radical addition onto glucosylated
olefins was performed with a 2—2.5-fold excess of 1,6-diiodoper-
fluorohexane IC4F;,1. Following these conditions, the yields of
addition were ranging between 40 and 43%. The remaining
excess of fluorinated compound was recovered after purification
and was reused. It should be noted that the yields were not
significantly improved when larger excess of IC4F;,1 (3-fold
excess) were used. Nevertheless, we found that higher yields and
faster reactions were obtained when AIBN was added in small
fractions to the milieu (0.5 equiv every 2 h); this observation is in
agreement with the work by Lahiouhel et al.**

The reaction was monitored by NMR, and after 24 h, the 'H
NMR spectrum showed the presence of a multiplet at 4.53—4.63
ppm assigned to CHI and the absence of vinylic protons at 5.83—
5.94 ppm, demonstrating the formation of the C—C bond
between the polar head and the fluorinated core and the
complete consumption of the olefinic compound. This was also
confirmed by '’F NMR, with a h1gh -field shift from —58.82 ppm

to —113.24 ppm, as well as by '>*C NMR, which allowed the ob-
servation of the characteristic triplet of the methylene adjacent
to the fluorinated core. However, in all our experiments, the
NMR spectra showed that the monoaddition was produced

dx.doi.org/10.1021/jo102245c |J. Org. Chem. 2011, 76, 2084-2093
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Scheme 4. Synthesis of Ethyl-Ended Hemifluorinated Surfactants
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selectively and only traces of bis-addition compounds were
detected. During the course of our work, we also noticed that
the radical reaction was limited by the steric hindrance of the
alkene. Indeed, while with the diglucosylated and triglucosylated
compounds 6 and 7 the yields of addition reached 43 and 40%,
respectively, those obtained with the commercially butenoic acid
or the nonglucosylated TRIS-based compound 1 reached 75—
80% (data not shown).

(c) Radical Addition of Propylene. The third important task in
the synthesis of this novel series of hemifluorinated surfactants
consisted of the insertion of the propyl tip at the end of the
hydrophobic tail. This was achieved following a radical addition
of propylene onto the free CF,I group of compounds 6 and 7
using AIBN as radical initiator in THF as described earlier. The
introduction of the olefin was carried out at —80 °C, and the
reaction mixture was then heated progressively up to 66 °C to
afford after 24 h compounds 8 and 9 (Scheme 3). Because of the
difficulties encountered during the purification procedures com-
pound 8 was not isolated and was used directly in the next step,
while pure compound 9 was isolated in 45% yield. Once again,
the reaction was monitored by '’F NMR until the complete
disappearance of CF,I signal at (—60 ppm) as it was described
earlier. Furthermore, it was noted that despite the presence of a
larger excess of propylene, polyadducts were not produced.

The reduction of the C—I bonds formed during the double-
radical addition was next carried out using tributyltin hydride in
the presence of a catalytic amount of AIBN as radical initiator.
Despite its toxicity and the difficulties encountered for the
removal of its derivatives,” tributyltin hydride (BusSnH) is
considered as one of the most useful radical reducing agent for
alkyl halides because of the low dissociation energy”**> of the
Sn—H bond which facilitates the formation of triorganotin
radicals. Another advantage of using Bu;SnH is the high kinetic**
balance of the steps of dehalogenation by tributyltin radical and
hydrogen donation of tributyltin hydride®®*” at high concentra-
tion, which favors the termination step on the propagation step.
After purification, compounds 10 and 11 were obtained in 38%
and 34% yields from compounds 6 and 7, respectively. Finally,
removal of the acetyl protective groups of the hydroxyls was
performed under Zemplén conditions and afforded the final
surfactants 12 and 13 in very high yields (Scheme 3).

(d) Synthesis of Ethyl-Ended Hemifluorinated and Perfluori-
nated Analogues. To extend the physical—chemical investigation
of these surfactants, the hemifluorinated analogue H,FsH;-Diglu
bearing an ethyl tip and the perfluorinated analogues of Di- and
Triglu compounds were synthesized following connected synthetic
routes. The ethyl-ended hemifluorinated Diglu compound was
synthesized in three steps as shown in Scheme 4. As previously
described,'® the monoethylenation of diiodoperfluorohexane led

to 1,1,2,2,3,3,4,4,5,5,6,6-dodecafluoro-1,8-diiodooctane 14, which
was chosen as starting material. The first step involves a radical
addition of compound 14 onto the olefin 5 using AIBN as it was
described in a previous section to afford compound 15 in
satisfactory yield (45%). Reduction of iodine atoms using
tributyltin hydride, followed by deprotection of the hydroxyl
groups, led to the desired compound 17 in 30% overall yield in
three steps. On the other hand, the synthesis of perfluorinated
compounds was carried out using the commercially available
1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-1-iodohexane as starting
material (Scheme S). Once again, the radical addition was
achieved using AIBN and was followed by iodide reduction
and hydroxyl groups deprotection. Compounds 22 and 23 were
obtained in satisfactory overall yields (31 and 26% for Diglu and
Triglu compounds, respectively).

O-Acetylated surfactants were all purified by flash chromatog-
raphy on silica gel and Sephadex LH-20 size-exclusion chroma-
tography, while de-O-acetylated compounds were only purified
by size-exclusion chromatography and then lyophilized to give
pure surfactants. They were fully characterized by 'H, >C, "F
DEPT, COSY, and HMQC NMR experiments as well as mass
spectrometry (see the Supporting Information). Their purity was
checked by C18-reversed-phase HPLC and was higher than 98%.
All perfluorinated surfactants were labeled by FsH3 according to
the number and the distribution of fluorinated and hydrogenated
carbons of the hydrophobic chain, followed by Di- or Triglu
according to the number of glucose moieties grafted onto the
polar head. In order to distinguish hemifluorinated surfactants
from their perfluorinated analogues, H,, was added to the given
name of these latter surfactants, indicating the presence of a
hydrocarbon tip; where “n” indicates the number of carbons of
the hydrocarbon tip.

Physical—Chemical Characterization. With the aim to study
the physical—chemical properties of these surfactants, three
different parameters were considered: (a) log k' determination,
which is correlated to the hydrophobic character of the surfactant;
this parameter was measured by RP-HPLC; (b) surface tension
activity, which was determined by the Wilhelmy plate technique;
(c) size of the supramolecular assemblies formed by the surfactants
in aqueous media measured by dynamic light scattering.

(a) log K Determination. log K'vy values are reported in
Table 1. This parameter, which is closely related to the molecule
water/octanol partition coefficient, is used to reflect the hydro-
phobic character of the surfactant and was obtained from
reversed-phase HPLC.”® As expected, for a surfactant the value
of this parameter increases with increasing the number of carbons
within the hydrophobic tail. However, we previously found
that in the case of ethyl-ended hemifluorinated surfactants the addi-
tion of the ethyl tip did not significantly affect the value of log K'vy,
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Scheme 5. Synthesis of Perfluorinated Surfactants
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Table 1. Physical-Chemical Data®
surfactant log K'v CMC (mM) Y emc(mN/m) Dy’ (nm) HHW* (nm) conc? (mM)

H,F¢H, Diglu (12) 52 0.08 329 6.0 16 54
H,F¢H, Triglu (13) 50 007 334 5.5 14 46
F¢H,Diglu (22) 45 110 247 6.6 16 12
F¢H, Triglu (23) 44 2.78 325 57 34 13.8
H,F¢H, -Diglu (17) 47 037 313 5.8 13 18
H,F¢Diglu 4.9° 0.35° 36.0° 6.5° 1.6° 5¢
F¢Diglu ¢ 4.8° 0.23° 28.3° 5.8° 1.3° 4°
F¢Triglu ¢ 4.7° 0.95° 32.3° S.1° 1.2° 4

“ Data presented are the average of two or three experiments. " Dyy: hydrodynamic diameter of particles of the main peak. The values reported are the
average of 10 runs. “ HHW, the width of the peak at half-height, an indication of the degree of polydispersity of the aggregates. 4 Concentration used for

DLS measurements. ‘ Data from ref 17.

with for instance H,F4-Triglu having the same value as Fg-
Triglu. On the contrary, as we can observe with Hy;FsH;-Diglu
and F¢H;-Diglu, exhibiting log kv of 5.2 and 4.5, respectively,
the addition of a propyl-end group results in a greater hydro-
phobicity of the surfactant. A similar trend was observed with the
Triglu series. As suggested in previous reports on hemifluori-
nated surfactants, the hydrophobicity of the additional ethyl
group may be compensated by the pseudoacidity of the methy-
lene adjacent to the fluorocarbon, a direct consequence of the
electron-withdrawing effect of the fluorine atoms.'”**** Such
an effect could favor hydrogen bonding with the aqueous phase and
shift the partition coefficient of the surfactant toward water. More-
over, the unfavorable interactions between hydrocarbon and fluor-
ocarbon segments belonging to the same or to different chains may
also play a role. An opposite behavior was observed in this work with
the addition of a propyl tip to the fluorocarbon chain, where in this
case, the hydrophobicity brought by the propyl as demonstrated by a
higher log K'yy value seems to be predominant.

(b) Surface Tension Measurements. The surface activity data
are summarized in Table 1, and the curves of diglucosylated
surfactants are represented in Figure 2. The most important
parameters this technique can provide are the critical micellar
concentration (CMC) and the limit surface tension attained at
the CMC (Y cpmc). The CMC is obtained from the intersection of
the two straight lines for the linear concentration-dependent
section and for the baseline of the limit surface tension (¥ cpc)-

Contribution of the Polar Head. As frequently reported,’” for
a given hydrophobic tail, the CMC of a surfactant increases while

2088

increasing the number of sugar moieties of its polar head. This
was actually observed for the perfluorinated FsHj;-Diglu and
F¢H;-Triglu compounds, with CMC values of 1.10 and 2.78 mM,
respectively, and confirmed our previous observations on the first
series of glucose-based surfactants, with Fs-Diglu and Fs-Triglu
compounds having CMC values of 023 and 095 mM,
respectively.'” On the contrary, propyl-ended hemifluorinated
H3F4H; surfactants did not follow the same rule. Indeed,
H;F¢H;-Diglu and H3F¢H;-Triglu compounds, despite the pre-
sence of an additional glucose moiety in the latter surfactant,
exhibited similar CMC values (0.08 and 0.07 mM, respectively).
It has to be underlined that, our previous findings on ethyl-ended
hemifluorinated surfactants demonstrated that the influence of
the number of glucose moieties on the value of the CMC was not
striking. For instance, while the H,Fs-Diglu exhibited a CMC
value of 0.35 mM, that of its analogue bearing an additional
glucose group only reached 0.75 mM. This shows that as the
chain of the surfactant becomes longer, the effect of an additional
sugar on the polar head does not affect much the CMC. A similar
observation was made on a series of galactosylated surfactants
having a long perfluorinated tail (CgF;). For instance, the CMC
value of the digalactosylated derivative (0.04 mM) was found in
the same range to that of the trigalactosylated derivative
(0.037 mM).*>* This was further confirmed with a series of
galactosylated ethyl-ended hemifluorinated surfactants."

The limit surface tension of a surfactant is essentially related
to lateral interactions between the hydrophobic chains of
the surfactant,® the greater the packing of surfactants at the

dx.doi.org/10.1021/jo102245c |J. Org. Chem. 2011, 76, 2084-2093
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Figure 2. Surface tensions versus log C plot for (A) H3FsH;-Diglu and
() F¢Hs-Diglu.

air/water interface, the lower the limit surface tension. For a
given perfluorinated hydrophobic chain, ycpc rises while in-
creasing the polar head size as a result of weaker packing at the
surface caused by an increase of the gap between the fluorinated
chains at the air/water interface. This was observed with FsH;-
Diglu and FsH;-Triglu with respective values of 24.7 and 32.5
mN-m ™ '; however, no significant variation was observed in the
limit surface tension of the propyl-ended H;FsH;-Diglu and
H;F¢H;-Triglu surfactants. The absence of correlation between
the size of the polar head and the limit surface tension of
hemifluorinated surfactants was previously observed with the
ethyl-ended series in agreement with this latter observation.

Contribution of the Alkyl Tip. Whereas, as a rule of thumb, the
addition of an ethyl group to a classical surfactant leads to a
dramatic drop of the CMC,** we have previously demonstrated
that the addition of a terminal ethyl group to a hydrophobic
fluorinated chain does not greatly affect the CMC value of the
corresponding surfactant. On the contrary, we found that the
addition of a propyl end group to the fluorinated chain of a
surfactant drastically reduces the CMC as we can observe for
F¢H; and H3F¢H;-Diglu (1.10. and 0.08 mM, respectively) and
F¢H; and H3FgH;-Triglu (2.78 and 0.07 mM,, respectively). This
demonstrates for the first time that the number of carbons within
the terminal tip of hemifluorinated surfactants can dramatically
affect the value of the CMC. This is in full agreement with the
values of log K'vy reported previously, thereby confirming the
high influence of the propyl tip on both hydrophobicity of the
surfactant and micellization. The more classical behavior of the
propyl-ended hemifluorinated surfactants compared to the sin-
gular one of the ethyl-ended derivatives was also demonstrated
with the limit surface tension values (¥cpc), which are usually
found between the lower values of the fluorinated surfactants and
the higher values of the hydrogenated ones. As shown in Table 1,
for a given polar head, the limit surface tension value of the
propyl-ended hemifluorinated derivative compared to its per-
fluorinated analogue was increased in the Diglu series with 32.9
and 24.7 mN-m ', respectively, while no significant difference
was observed with the Triglu series. A similar trend was observed
with the first series of glucose-based surfactants, Fs-Diglu and
H,F¢-Diglu compounds exhibiting limit surface tension of 28.3
and 36.0 mN-m ', respectively.

Contribution of the Spacer. When comparing H,FsH;-Diglu
to its first series analogue H2F6—Diglu,17 one can observe that
these two surfactants, despite the presence of a longer spacer in
the latter compound (i.e, C,H4-S-C,H,), exhibit very close
CMC values (0.37 and 0.35 mM for H,FsH;-Diglu and H,F-
Diglu, respectively). Surprisingly, a more striking difference was
observed for the perfluorinated surfactants, with for instance the
diglucosylated compound of the first series, Fs-Diglu, having a
CMC of ~0.23 mM while that of FsH;Diglu is ~5 times higher.
This latter point indicates that the length and the structure of the
spacer should also be considered for the design of future
hemifluorinated surfactants.

(c) Dynamic Light Scattering. Table 1 shows values of
hydrodynamic diameter of the autoassemblies formed by the
surfactants at relatively high concentrations (from 1.2 to
13.8 mM depending on the surfactant). The reported results
show that perfluorinated surfactants bearing two or three glucose
moieties self-assemble in water into small and monodisperse
particles with apparent hydrodynamic diameter ~5—6 nm, suggest-
ing the formation of globular micelles.>® However, F¢H;-Triglu
led to slightly smaller particles than its analogue FsH;-Diglu. The
addition of a propyl-end group to the fluorocarbon chain did not
affect the spatial geometry of the particles, yet the micelles of
H;F¢H;-Diglu were found bigger than those of H3FsH;-Triglu.
This confirms the impact of the volume of the polar head on the
size and the shape of the self-assemblies formed by a surfactant in
aqueous media, the bigger the polar head of the surfactant, the
smaller the hydrodynamic diameter of the micelle. When com-
paring H3F¢H;-Diglu and H,FgHj;-Diglu, the one-carbon longer
chain of the former surfactant led to a small decrease of the
interfacial curvature and thus to slightly larger aggregates.

Compared to the first series of glucose-based surfactants, the
hydrodynamic diameter values of the novel series were found
approximately 10% higher, with, for instance, F¢-Diglu and FsH3-
Diglu forming micelles of 5.8 and 6.6 nm diameters, respectively.
The same observation was noted with F¢-Triglu and FsH;-Triglu
(5.1 and S.7 nm, respectively). Due to the shorter spacer of the
Fg¢Hj series (C3Hg) compared to that of the first series (C,H,—
S-C,H,), a decrease of the volumetric ratio was expected, which
in turn should have induced a smaller hydrodynamic diameter of
the micelle. An opposite result was observed with a slight
decrease of the interfacial curvature of the aggregates of the
new series. This may be explained by the lack of flexibility of the
shorter spacer, which could result in a more difficult assembling.

B CONCLUSION

We have reported herein a simple route for the synthesis of a
new series of hemifluorinated sugar-based surfactants bearing a
propyl tip. This synthetic route is based on the radical addition of
two olefins onto the commercially available 1,6-diiodoperfluor-
ohexane using AIBN as radical initiator. The first radical addition
allowed the grafting of the polar head onto the fluorinated core of
the molecule, whereas the second radical addition was used for
the insertion of the propyl tip on the hydrophobic tail. This
synthetic pathway is a convenient access for upcoming syntheses
of hemifluorinated surfactants where we could easily change the
hydrocarbon/fluorocarbon distribution within the hydrophobic
part and study their influence on the physical—chemical and
biochemical properties of these compounds. Whereas in previous
works we had shown that the addition of an ethyl tip to fluorinated
surfactants did not significantly affect the CMC values, we found
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that the addition of a propyl tip resulted in another trend. With
these newly designed propyl-ended surfactants, the hydrophobi-
city brought by the propyl, as demonstrated by higher log Ky
values, is predominant, and therefore, the CMC values of
H;FH;-surfactants were significantly lower than those of their
perfluorinated analogues. Finally, as demonstrated by DLS
experiments, we showed that propyl-ended hemifluorinated
surfactants self-assemble into small and well-defined aggregates
with diameter ~5—6 nm. Such a feature makes this novel series
of surfactants very promising as tools for handling membrane
proteins in aqueous solutions. Biochemical investigations are
currently under progress and will be reported soon.

B EXPERIMENTAL SECTION

N-1,1-Di[(2/,3,'4,6'-tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyl]acetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluoro-3,
10-diiododecanamide (6). 1,6-Diiodoperfluorohexane (1.54 g,2.78
mmol, 2.5 equiv) and compound § (1.0 g, 1.12 mmol, 1 equiv) were
dissolved in 2 mL of anhydrous THF in a sealed tube and heated up to
66 °C. To this was added 0.11 g (0.67 mmol, 0.6 equiv) of AIBN in three
portions (0.2 equiv every 2 h). After 24 h of being stirred at 66 °C, the
reaction mixture was cooled at room temperature and the solvent was
removed under reduced pressure. The resulting crude compound was
next purified by flash chromatography (EtOAc/cyclohexane, 6:4 v/v)
and by size-exclusion chromatography (CH,Cl,/MeOH, 1:1 v/v) to
give 0.7 g (0.48 mmol, 43%) of 6 as a white solid: Ry = 0.43 (EtOAc/
cyclohexane, 6:4 v/v); mp = 64.3—65.2 °C; MS (ESI+) m/z = 1446
M +H]", m/z=1468 [M + Na]"; HRMS (ESI+) calcd for CyuHsy-
NO,;FpL ([M + H] ") 1446.0985, found 1446.1002; 'H NMR (CDCL,)
8 6.12 (NH, s, 1H), 5.31—4.98 (H,, Hs, H,, m, 6H), 4.65—4.46 (CHI,
H,, m, 3H), 4.36—3.97 (Hg, Hy, CH,O, m, 10H), 3.75—3.71 (Hs, m, 2H),
3.03—2.81 (CH,, m, 4H), 2.11—2.02 (CHs, 9s, 27H); *C NMR (CDCl;)
0 170.6—169.3, 101.0, 72.5, 71.9, 71.4, 68.6, 68.2, 62.8, 61.6, $9.5, 47.2,
40.6 (CF,CH,, t, ] = 19.3 Hz), 20.8—20.6, 13.2; “’ENMR (CDCl;) 6 —
58.9 (2F), from —111.4 to —115.1 (2F), —112.9 (2F), —120.9 (2F), —
121.5 (2F), —123.5 (2F).

N-Tris[(2',3/,4',6'tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyllmethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluoro-3,
10-diiododecanamide (7). The synthetic route was essentially the
same as for compound 6. 1,6-Diiodoperfluorohexane (1.99 g, 3.59 mmol,
2.5 equiv), compound 2 (1.7 g, 1.44 mmol, 1 equiv), and AIBN (0.14 g,
0.86 mmol, 0.6 equiv) were used as starting materials. Purification by
flash chromatography (EtOAc/cyclohexane, 6:4 v/v) and by size-exclusion
chromatography (methanol) led to 0.98 g (0.57 mmol, 40%) of
compound 7 as a white solid: R¢ = 0.28 (EtOAc/cyclohexane, 6:4 v/v);
mp = 81.3—82.1 °C; MS (ESI+) m/z = 1734.1 [M + H]*, m/z =
17512 [M + NH,]"; '"H NMR (CDCl;) 6 6.11 (NH, s, 1H), 5.26—
4.94 (Hy, Hs, Hy, m, 9H), 4.63—4.53 (CHI, m, 1H), 4.48 (H,,d, J=7.9 Hz,
3H),4.35 (Hg, dd, J = 4.7 Hz, ] = 12.4 Hz, 3H), 425—4.11 (Hg, CH,OGluy,
m, 6H), 3.81—3.73 (CH,OGlu, H, m, 6H), 3.02—2.76 (CH,, m, 4H),
2.18—2.02 (CHj, 12, 36H); '*C NMR (CDCl;) 6 170.6—169.4,101.2,
72.4,71.6,71.5, 689, 68.2, 61.5, 59.6, 47.5, 402 (CF,CH,, t, ] = 24.3 Hz),
20.8—20.6, 15.6; ’F NMR (CDCl;) 6 —58.9 (2F), from —111.4 to —
115.1 (2F), —112.9 (2F), —120.9 (2F), —121.51 (2F), —123.5 (2F).

N-1,1-Di[(2/,3,'4,6'-tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyl]lacetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluoro-3,
12-diiodotridecanamide (8). Compound 6 (0.6 g, 0.41 mmol, 1
equiv) and AIBN (34.1 mg, 0.21 mmol, 0.5 equiv) were dissolved in
S mL of anhydrous THF in a sealed tube. The solution was then cooled
at —80 °C in a dry ice—acetone bath, and 3 mL of propylene was
injected under argon atmosphere. The reaction mixture was then heated
progressively up to 66 °C. After 24 h of being stirred at 66 °C, the solvent
was removed under reduced pressure. Despite several attempts to purify

the resulting crude compound by flash chromatography and size-exclusion
chromatography, compound 8 was not isolated with a sufficient purity to be
properly characterized, and therefore, the impure fraction (0.38 g) was then
used as is in the next reaction.

N-Tris[(2',3/,4,6'tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyllmethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluoro-3,
12-diiodotridecanamide (9). The synthetic route was essentially
the same as for compound 8. Compound 7(0.8S g, 0.49 mmol, 1 equiv),
3 mL of propylene, and AIBN (40.2 mg, 0.24 mmol, 0.5 equiv) were used
as starting materials. Purification by flash chromatography (EtOAc/
cyclohexane, 6:4 v/v) and by size-exclusion chromatography (MeOH)
led t0 0.39 g (0.22 mmol, 45%) of compound 9 as a white solid: Ry=0.32
(EtOAc/cyclohexane, 6:4 v/v); mp = 90.3—91.2 °C; MS (ESI+) m/z =
1776.5 [M + H]*;"H NMR (CDCl;) 6 6.09 (NH, s, 1H), 5.22—4.91
(H,, Hs, Hy, m, 9H), 4.59—4.57 (CHI, m, 2H), 4.44 (H,, d, ] = 7.9 Hz,
3H),4.31 (Hs, dd, ] = 4.7 Hz, ] = 12.4 Hz, 3H), 4.21—4.08 (H¢, CH,O-
Glu, m, 6H), 3.76—3.69 (CH,OGlu, Hs, m, 6H), 3.01—2.77 (CH,, m,
6H), 2.10—2.02 (CH;0Ac and CHs, 39H); *C NMR (CDCl;) 0
170.7—169.3, 101.0, 72.5, 71.8, 71.4, 68.6, 68.2, 68.1, 61.6, 59.5, 59.3,
474, 40.6 (CF,CH,, t, ] = 25.8 Hz), 37.4 (CF,CH,, t, J = 24.3 Hz),
21.4—20.5, 14.2. 11.8; 'F NMR (CDCl;) 0 from —111.4 to —114.9
(4F), —121.7 (4F), —123.6 (4F).

N-1,1-Di[(2',3,/4 ,6'-tetra-O-acetyl-f-o-glucopyranosyl)oxy-
methyl]acetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluor-
otridecanamide (10). The crude compound 8 (0.38 g), Bu;SnH
(0.18 g, 0.98 mmol, 2.4 equiv), and a catalytic amount of AIBN (~0.005 g,
0.03 mmol, 0.07 equiv) were dissolved in 1.5 mL of anhydrous THF, and
the mixture was heated at 66 °C for 24 h. The solvent was removed
under reduced pressure, and the crude was purified by flash chroma-
tography (EtOAc/cyclohexane, 6:4 v/v) to give 0.2 g (0.16 mmol, 38%
in two steps from compound 6) of 10 as a white solid: Ry= 0.45 (EtOAc/
cyclohexane, 5:5 v/v); mp = 65.7—67.1 °C; "H NMR (CDCl;) 6 5.99
(NH, s, 1H), 5.24—4.99 (H,, H3, Hy, m, 6H), 4.49 (H,, d, ] = 7.8 Hz,
1H), 448 (H,, d, ] = 7.8 Hz, 1H), 4.44—4.14 (Hy, Hg,CH,OGlu, m,
6H), 3.98 (CH,OAc, s, 2H), 3.83—3.75 (Hs, CH,OGlu, m, 4H), 2.26
(CH,CO, t, J = 7.1 Hz, 2H), 2.12—2.03 (CHa, 9s, 27H), 1.96—1.93
(CH,CF,, m, 2H), 1.69—1.64 (CH,, m, 2H), 1.44—1.27 (CH, and
CH,CF,, m, 4H), 1.04 (CH,, t, ] = 7.4 Hz, 3H); '*C NMR (CDCl;) 6
171.9, 170.8—169.4, 101.0, 72.5, 72.4, 72.0, 71.9, 71.3, 68.2, 68.1, 61.7,
58.7,35.4,32.8 (CF,CH,, t, ] = 21.1 Hz), 29.9 (CF,CH,, t, ] = 23.6 Hz),
20.7—20.6, 16.4—14.1, 13.8; ’F NMR (CDCl;) 6 —114.3 (4F), —
121.8 (4F), —123.6 (4F).

N-Tris[(2',3',4,6'tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyl]methyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluorotride-
canamide (11). The synthetic route was essentially the same as for
compound 10. Compound 9 (0.32 g, 0.18 mmol, 1 equiv), Bu;SnH
(1.12 g, 0.43 mmol, 2.4 equiv), and a catalytic amount of AIBN (~0.005
g,0.03 mmol, 0.16 equiv) were used as starting materials. Purification by
flash chromatography (EtOAc/cyclohexane, 6:4 v/v) and by size-
exclusion chromatography (MeOH) led to 0.2 g (0.13 mmol, 74%) of
compound 11 as a white solid: Ry=0.36 (EtOAc/cyclohexane, 6:4 v/v);
mp = 89.2—89.7 °C; 'H NMR (CDCl;) 6 5.99 (NH, s, 1H), 5.24—4.93
(H,, Hy, H,, m, 9H), 445 (H,, d, ] = 7.9 Hz, 3H), 436 (H, dd, J = 4.7 Hz,
J = 12.5 Hz, 3H), 420—3.97 (Hs CH,OGlu, m, 6H), 3.75—3.69
(CH,OGlu, H, m, 6H), 2.17 (CHa, t, ] = 8.7 Hz, 2H), 2.25—2.10 (CH,,
m, 2H), 2.18—1.92 (CH,, 125, 36H), 1.65—1.55 (CH,, m, 2H), 1.42—
122 (CH,CH,, m, 4H), 1.26 (CHs, t, J = 7.5 Hz, 3H); '*C NMR
(CDCly) 6 170.7—169.3, 101.0, 72.5, 71.8, 71.4, 69.8, 69.2, 68.6, 68.2,
67.8,61.6,61.4,59.5,47.4,40.6 (CF,CH,, t, ] = 25.8 Hz), 37.4 (CF,CH,, t,
J=23.7Hz), 36.8, 31.5,21.4—20.5, 14.2; ’"F NMR (CDCl;) 0 —115.3
(4F), —122.8 (4F), —124.5 (4F).

N-1,1-Di[(O-f-p-glucopyranosyl)oxymethyl]hydroxyethyl-5,
5,6,6,7,7,8,8,9,9,10,10-dodecafluorotridecanamide (12).
Compound 10 (0.12 g 0.097 mmol) and a catalytic amount of MeONa
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(~0.002 g, 0.036 mmol, 0.37 equiv) were dissolved in 10 mL of MeOH
(pH ~8—9) and then the mixture stirred for 3 h at room temperature.
Two spatulas of IRC 50 resin were added, the solution was filtered, and
then the solvent was removed under reduced pressure. Purification of
the crude compound by size-exclusion chromatography (MeOH)
followed by lyophilization led to 80 mg (0.093 mmol, 96%) of 12 as a
white solid: Ry= 0.59 (EtOAc/MeOH/H,0, 7:2:1 v/v/v); mp = 150.2—
151.1 °C; HRMS (ESI+) caled for CooHuyNOLF, (M + H]Y)
858.2565, found 858.2570; 'H NMR (CD,0D) 6 4.31 (H,, d, ] = 7.7 Hz,
1H), 4.30 (H,,d, ] =7.7 Hz, 1H), 4.18—4.12 (CH,OGlu, m, 2H), 3.89—
3.81 (CH,0Glu, Hs, CH,OH, m, 6H), 3.68—3.65 (He, m, 2H), 3.35—
3.15 (H,, Hy, Hy, Hy, m, 8H), 2.35 (CH,CO, t, ] = 7.3 Hz, 2H), 2.21—
2.11 (CH,CF,, m, 4H), 1.91—1.85 (CH,, m, 2H), 1.65—1.61 (CH,, m,
2H), 1.04 (CHs, t, ] = 7.4 Hz, 3H); ">*C NMR (CD;0D) 0 173.9, 103.5,
103.4, 76.6, 73.6, 70.2, 67.8, 67.7, 61.3, 60.8, 34.8, 32.3 (CE,CHa, t, ] =
21.9 Hz), 29.8 (CF,CH,, t, ] = 21.3 Hz), 19.4, 16.3, 13.5; '’F NMR
(CD,OD) & —115.5 (4F), —122.8 (4F), —124.7 (4F).
N-Tris[(#-p-glucopyranosyl)oxymethyllmethyl-5,5,6,6,7,7,
8,8,9,9,10,10-dodecafluorotridecanamide (13). The synthetic
route was essentially the same as for compound 12. Compound 11 (0.16 g,
0.104 mmol) and a catalytic amount of MeONa (~0.002 g, 0.036 mmol,
0.35 equiv) were used as starting materials. Purification by size-exclusion
chromatography (MeOH) followed by lyophilization led to 0.1 g (0.098
mmol, 95%) of 13 as a white foam: Rf=0.35 (EtOAc/MeOH/H,0,
7:2:1 v/v/v); mp = 156.2—157.1 °C; HRMS (ESI+) calcd for C3sHss-
NO,6F, ([M + H] ™) 1020.3093, found 1020.3111; "H NMR (CD,0D)
0 4.36—4.33 (H;, CH,0, m, 6H), 3.95—3.87 (CH,O, Hg, m, 6H),
3.75—3.65 (Hg, m, 3H), 3.42—3.18 (H,, H3, H,, Hs, m, 12H), 2.36
(CHy, t, J = 7.7 Hz, 2H), 2.24—2.04 (CH,, m, 4H), 1.93—1.88 (CH,, m,
2H), 1.68—1.54 (CH,, m, 2H), 0.96 (CHj, t, ] = 6.25 Hz, 3H); *C NMR
(CD0D) 6 1737, 103.5, 76.9, 76.6, 73.6, 702, 67.8, 67.5, 61.3, 59.8, 34.9,
32.3 (CF,CH,, t, ] =212 Hz), 29.5 (CF,CH,, t, ] =21.3 Hz), 19.4,16.3,
12.9; "’F NMR (CD;0D) 6 —114.4 (4F), —121.9 (4F), —123.7 (4F).
N-1,1-Di[(2/,3,'4,6'-tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyl]acetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluoro-3,
12-diiodododecanamide (15). 1,1,2,2,3,3,4,4,5,5,6,6-Dodeca-
fluoro-1,8-diiodooctane (1.0 g, 1.76 mmol, 1 equiv)"® and compound §
(1.56 g, 1.76 mmol, 1 equiv) were dissolved in 2 mL of anhydrous THF
in a sealed tube and the mixture heated to 66 °C. To this was added
0.17 ¢ (1.05 mmol, 0.6 equiv) of AIBN in three portions (0.2 equiv every
2h). After 24 h of being stirred at 66 °C, the reaction mixture was cooled
at room temperature, and the solvent was removed under reduced pressure.
The crude compound was then purified by flash chromatography (EtOAc/
cyclohexane, 6:4 v/v) and size-exclusion chromatography (CH,Cl,/
MeOH, 1:1 v/v) to give 1.15 g (0.78 mmol, 45%) of compound 15 as a
white solid: R = 0.56 (EtOAc/cyclohexane, 6:4 v/v); mp = 65.6—
66.8 °C; MS (ESI+) m/z = 14742 [M + H] T, m/z = 14962 [M +
Na]™*; HRMS (ESI+) calculated for C4sHssNO,3F oL ([M + H]T)
1474.1298, found 1474.1240; "H NMR (CDCl,) 6 6.14 (NH, d, ] = 8.3
Hz, 1H), 5.24—4.95 (H,, H;, H,, m, 6H), 4.51—4.49 (CHIL, m, 1H),
4.50 (H,,d, ] = 6.5 Hz, 1H),4.47 (H,, d, ] = 6.5 Hz, 1H), 4.32—3.94 (Hg,
CH,O, m, 10H), 3.73—3.65 (Hs, m, 2H), 3.26—3.19 (CH,1, m, 2H),
2.94—2.72 (CH,, m, 6H), 2.08—1.98 (CH,, 9s, 27H); *C NMR (CDCl;)
6 170.8—169.4, 100.9, 72.5,72.3, 71.9, 71.8, 71.3, 71.2, 68.2, 68.1, 62.8,
61.6,59.1,47.2,40.6 (CF,CH,, t,J= 19.3 Hz), 35.3 (CF,CH,, t, ] = 19.3 Hz),
20.9—20.6, 19.3, 12.1; "’F NMR (CDCl;) 0 from —112.4 to —113.9
(2F), —114.9 (2F), —121.7 (4F), —123.5 (4F).
N-1,1-Di[(2/,3,'4,6'-tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyllacetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10-dodecafluor-
ododecanamide (16). The synthetic route was essentially the same
as for compound 10. Compound 15 (0.41 g 0.28 mmol, 1 equiv),
Bu3SnH (0.19 g, 0.67 mmol, 2.4 equiv), and a catalytic amount of AIBN
(~0.005 g, 0.03 mmol, 0.11 equiv) were used as starting materials.
Purification by flash chromatography (EtOAc/cyclohexane, 6:4 v:v) and

size-exclusion chromatography (CH,Cl,/MeOH, 1:1 v/v) ledto 023 g
(0.19 mmol, 68%) of compound 16 as a white solid: Ry= 0.34 (EtOAc/
cyclohexane, 6:4 v/v); mp = 64.3—64.4 °C; HRMS (ESI+) calcd for
CauHeoNO,sFp, ([M + H]™) 1222.3365, found 1222.3350; 'H NMR
(CDCl;) 6 5.89 (NH, s, 1H), 5.25—4.93 (H,, H;, H,, m, 6H), 4.47 (H,,
d,J=7.4 Hz, 2H), 429 (Hg, dd, ] = 4.2 Hz, ] = 12.3 Hz, 2H), 4.15—3.59
(He, Hs, CH,0, m, 10H), 2.21 (CH,CO, t, ] = 7.2 Hz, 2H), 2.16—1.86
(CHs, CH,, m, 29H), 1.66—1.53 (CF,CH,, m, 2H), 1.36—1.22
(CF,CH,, m, 2H), 1.13 (CHs, t, ] = 7.4 Hz, 3H); '*C NMR (CDCI,)
6 171.5—169.1, 100.9, 72.4, 72.3, 72.1, 71.9, 71.8, 71.7, 71.2, 71.1, 68.1,
61.5,60.2,55.9,35.3,29.5 (CF,CHa, t, ] = 22.3 Hz), 24.4 (CF,CH,, t, ] =
22.9 Hz), 204, 18.1, 14.0; "’F NMR (CDCl;) 6 —114.3 (2F), —116.4
(2F), —121.9 (4F), —123.7 (4F).

N-1,1-Di[(O-f-p-glucopyranosyl)oxymethyl]hydroxyethyl-5,
5,6,6,7,7,8,8,9,9,10,10-dodecafluorotridecanamide (17). The
synthetic route was essentially the same as for compound 12. Com-
pound 16 (97 mg, 0.079 mmol) and a catalytic amount of MeONa
(~0.002 g, 0.036 mmol, 0.45 equiv) were used as starting materials.
Purification by size-exclusion chromatography (MeOH) followed by
lyophilization led to 65 mg (0.077 mmol, 98%) of compound 17 as a
white foam: Re= 0.69 (EtOAc/MeOH/H,0, 7:2:1 v/v/v); mp = 149.2—
1503 °C; HRMS (ESI+) caled for CogHyNOF, (M + H]Y)
844.2408, found 844.2416; 'H NMR (CD,0D) 0 4.34 (H,, d, J = 7.7
Hz, 1H), 4.33 (H,, d, ] = 7.7 Hz, 1H), 4.21—4.15 (CH,0Glu, m, 2H),
3.92—3.83 (CH,OGlu, He, Hy, m, 6H), 3.71—3.69 (CH,OH, m, 2H),
3.38—3.18 (H,, Hs, Hy, Hs, m, 8H), 2.38 (CH,CO, t, ] = 7.3 Hz, 2H),
2.30—2.11 (CF,CH,, m, 4H), 1.94—1.88 (CH,, m, 2H), 1.16 (CH,, t,
J = 7.4 Hz, 3H); *C NMR (CD;0D) 6 174.0, 103.5, 103.4, 76.6, 73.6,
702, 67.8,67.7,61.3, 60.8, 34.8, 29.8 (CF,CH,, t, ] = 18.6 Hz), 24.1 (CF,-
CH,, t, ] = 24.8 Hz), 16.3; '’FNMR (CD;0D) 0 —115.4 (2F), —117.5
(2F), —122.9 (4F), —124.6 (4F).

N-1,1-Di[(2,3, 4 ,6'-tetra-O-acetyl--p-glucopyranosyl)oxy-
methyl]acetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10,10-trideca-
fluoro-3-iododecanamide (18). Compound 5 (0.7 g, 0.84 mmol,
1 equiv) and 0.79 g (1.68 mmol, 2 equiv) of 1-iodoperfluorohexane were
dissolved in 2 mL of anhydrous THF in a sealed tube and heated to
66 °C. To this was added 82.7 mg (0.5 mmol, 0.6 equiv) of AIBN in three
portion (0.2 equiv every 2 h). After 24 h of being stirred at 66 °C, the
reaction mixture was cooled at room temperature and the solvent was
removed under reduced pressure. The resulting crude compound was
then purified by flash chromatography (EtOAc/cyclohexane, 6:4 v/v) to
give 0.53 g (0.39 mmol, 47%) of 18 as a white solid: Ry=0.65 (EtOAc/
cyclohexane, 6:4 v/v); mp = 58.9—59.3 °C; HRMS (ESI+) calcd for
C4sHs,NO,3Fi51 ([M + H]T) 1338.1924, found 1338.1897; '"H NMR
(CDCl;) 0 6.14 (NH, s, 1H), 5.28—4.97 (H,, H3, Hy, m, 6H), 4.70—
4.60 (CHI, m, 1H), 4.54—3.77 (H,,Hg, Hg, and CH,O, m, 12H), 3.76—
3.72 (Hs, m, 2H), 3.04—2.80 (CH,, m, 4H), 2.12—2.03 (CHs, 9s, 27H);
13C NMR (CDCl;) 6 170.9—169.4, 101.0, 100.9, 72.5, 72.4, 72.0, 71.9,
71.3, 71.2, 68.8, 68.1, 61.7, $9.1, 47.2, 40.6 (CF,CH,, t, J = 25.9 Hz),
20.9—20.6,19.3; "FNMR (CDCl;) 0 —80.7 (3F), from —1114 to —115.0
(2F), —121.8 (2F), —122.8 (2F), —123.5 (2F), —126.1 (2F).

N-Tris[(2',3,4',6'tetra-O-acetyl-f-o-glucopyranosyl)oxy-
methyllmethyl-5,5,6,6,7,7,8,8,9,9,10,10,10-tridecafluoro-
3-iododecanamide (19). The synthetic route was essentially the same
as for compound 18. Compound 2 (1.5 g, 1.28 mmol, 1 equiv), 1-iodoper-
fluorohexane (1.21 g, 2.56 mmol, 1 equiv), and AIBN (0.13 g, 0.77 mmol,
0.6 equiv) were used as starting materials. Purification by flash chroma-
tography (EtOAc/cyclohexane, 8:2 v/v) and by size-exclusion chroma-
tography (MeOH) led to 0.82 g (0.5 mmol, 40%) of 19 as a white solid:
Rs = 0.34 (EtOAc/cyclohexane, 6:4 v/v); mp = 62.2—63.4 °C; MS
(ESI+) m/z = 1626.6 [M + H]™; "H NMR (CDCL,) 6 6.11 (NH, s,
1H), 5.56—4.93 (H,, Hs, H,, m, 9H), 4.65—4.59 (CHIL, m, 1H), 4.47
(H,,d, ] = 7.9 Hz, 3H), 4.38—4.09 (Hg, Hy, CH,OGlu, m, 9H), 3.81—
3.72 (CH,Oglu, Hs, m, 6H), 3.03—2.86 (CH,, m, 4H), 2.15—2.02
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(CHs, m, 36H). >*C NMR (CDCl;) 0 170.6—169.3, 101.0, 72.5, 71.9,
714, 68.6, 68.2, 61.6, 59.4, 45.2, 40.3 (CF,CH,, t, ] = 23.3 Hz), 20.8—
20.6, 14.2; "’F NMR (CDCl;) 6 —80.7 (3F), from —111.4 to —115.1
(2F), —121.7 (2F), —122.8 (2F), —123.5 (2F), —126.1 (2F).
N-1,1-Di[(2/,3,/4,6'-tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methylJacetoxyethyl-5,5,6,6,7,7,8,8,9,9,10,10,10-trideca-
fluorodecanamide (20). Compound 18 (045 g, 0.34 mmol, 1 equiv),
Bu;SnH (0.12 g, 0.41 mmol, 1.2 equiv), and a catalytic amount of AIBN
(~0.00S g, 0.03 mmol, 0.09 equiv) were dissolved in anhydrous THF in
sealed tube and the mixture heated to 66 °C for 24 h. The reaction
mixture was then cooled at room temperature, and the solvent was removed
under reduce pressure. The crude compound was purified by flash
chromatography (EtOAc/cyclohexane, 6:4 v/v) to give 0.28 g (0.23 mmol,
68%) of 20 as a white solid: Ry = 0.52 (EtOAc/cyclohexane, 7:3 v/v);
mp = 51.5—52.2 °C; MS (ESI+) m/z = 1212 [M + H]t, m/z = 1234
[M + Na]*; HRMS (ESI+) caled for Cy4HgsNO,3F 3 ([M + H]™)
1212.2957, found 1212.2936; '"H NMR (CDCl;) 6 5.98 (NH, s, 1H),
5.21—4.94 (H, Hs, Hy, m, 6H), 4.48 (H,,d, ] = 7.8 Hz, 1H), 4.47 (H,, d,
J=7.8Hz, 1H), 4.32—3,69 (CH,0, Hy, He, Hs, m, 10H), 3.96 (CH,OAc,
m, 2H), 2.24 (CH,CO, t, ] = 6.9 Hz, 2H), 2.08—1.94 (CH, and 9CH3, m,
29H), 1.28—1.22 (CH,, m, 2H); *C NMR (CDCl;) 6 171.8—169.3,
100.9, 72.5,72.3,71.9,71.2,68.8,68.7,68.2, 68.1,62.9, 61.6, 58.7, 35.3, 29.9
(CF,CH,, t, ] = 18.0 Hz), 21.0—20.5, 16.3; "’F NMR (CDCl;) 6 —80.8
(3F), —114.3 (2F), —121.9 (2F), —122.9 (2F), —123.4 (2F), —126.2 (2F).
N-Tris[(2',3/,4,6'tetra-O-acetyl-f-p-glucopyranosyl)oxy-
methyllmethyl-5,5,6,6,7,7,8,8,9,9,10,10,10-tridecafluorode-
canamide (21). The synthetic route was essentially the same as for
compound 20. Compound 19 (0.60 g, 0.37 mmol, 1 equiv), Bu;SnH
(0.13 g, 0.44 mmol, 1.2 equiv), and a catalytic amount of AIBN (~0.005
g,0.03 mmol, 0.08 equiv) were used as starting materials. Purification by
flash chromatography (EtOAc/cyclohexane, 6:4 v/v) and size-exclusion
chromatography (MeOH) led to 0.38 g (0.25 mmol, 69%) of compound
21 as a white solid: Ry = 0.52 (EtOAc/cyclohexane, 6:4 v/v); mp =
59.3—59.7 °Cm MS (ESI+) m/z = 1500 [M + H] ", m/z = 1522 [M +
Na]®; HRMS (ESI+) caled for CsH,NO5F3 (M 4+ H])
1500.3802, found 1500.3809; 'H NMR (CDCl;) 6 5.97 (NH, s, 1H),
5.26—4.94 (H,, Hs, Hy, m, 9H), 4.46 (H,, d, ] = 7.9 Hz, 3H), 4.35 (H,,
dd, J=4.7Hzand ] = 12.3 Hz, 3H), 4.21—4.09 (Hy and CH,O, m, 6H),
3.76—3.71 (Hs, CH,0, m, 6H), 2.24 (CH,CO, t, ] = 6.8 Hz, 2H), 2.11—
1.91 (CH, and 12CH;, m, 38H), 1.39—1.25(CH,, m, 2H); *C NMR
(CDCly) 6 171.7—169.4, 100.9, 72.5, 72.3, 71.9, 71.2, 68.8, 68.7, 68.2,
68.1, 61.7, 60.5, 58.7, 35.3, 29.8 (CF,CH,, t, ] = 18.0 Hz), 21.0—20.5,
16.3; "’F NMR (CDCl;) 6 —80.7 (3F), —114.2 (2F), —121.9 (2F), —
122.8 (2F), —123.3 (2F), —126.1 (2F).
N-1,1-Di[(O-f-p-glucopyranosyl)oxymethyl]hydroxyethyl-5,
5,6,6,7,7,8,8,9,9,10,10,10-tridecafluorodecanamide (22).
The synthetic procedure was essentially the same as for compound
12. Compound 20 (0.21 g, 0.17 mmol) and a catalytic amount of MeONa
(~0.002 g, 0.036 mmol, 0.2 equiv) were used as starting materials.
Purification by size-exclusion chromatography (MeOH) led to 0.13 g
(0.15 mmol, 97%) of compound 22 as a white foam: Ry= 0.62 (EtOAc/
MeOH/H,0, 7:2:1 v/v/v); mp = 114.3 °C; HRMS (ESI+) calcd for
CyH36NO 1, F5 ([M + H]1) 834.2001, found 834.1992; '"H NMR
(CD;0D) 0 4.31 (Hy, d, ] = 7.8 Hz, 1H), 4.30 (H,, d, ] = 7.8 Hz, 1H),
4.16—4.12 (CH,OGlu, m, 2H), 3.89—3.81 (Hg, CH,OH, CH,0Glu, m,
6H), 3.68—3.66 (Hg, m, 2H), 3.34—3.15 (H,, H;, H,, Hg, m, 8H), 2.35
(CH,CO, t, J = 7.3 Hz, 2H), 2.19—2.06 (CF,CH,, m, 2H), 2.01—1.85
(CH,, m, 2H); *C NMR (CD;0D) 6 173.9, 103.5, 103.4, 76.6, 73.6,
70.2,67.8,61.3,60.8,34.7,29.7 (CF,CH,, t, ] = 18.8 Hz), 16.2; '’FNMR
(CD;0D) 0 —82.4 (3F), —115.4 (2F), —122.9 (2F), —123.9 (2F), —124.3
(2F), —127.3 (2F).
N-Tris[(#-p-glucopyranosyl)oxymethyllmethyl-5,5,6,6,7,
7,8,8,9,9,10,10,10-tridecafluorodecanamide (23). The synthetic
procedure was essentially the same as for compound 12. Compound 21

(0:21 g, 0.14 mmol) and a catalytic amount of MeONa (~0.002 g, 0.036
mmol, 0.25 equiv) were used as starting materials. Purification by size-
exclusion chromatography (MeOH) led to 0.13 g (0.13 mmol, 95%) of
compound 23 as a white solid: Ry= 0.42 (EtOAc/MeOH/H,0, 7:2:1v/
v/v); mp = 164.3—165.2 °C; HRMS (ESI+) caled for C3,H4¢NOoF 5
(IM + H]") 996.2529, found 996.2526; "H NMR (CD;0D) 0 4.36—
4.33 (H,, CH,0, m, 6H), 3.95—3.88 (CH,0, Hg, m, 6H), 3.71—3.65
(Hg, m, 3H), 3.42—3.18 (H,, Hy, H,, Hy, m, 12H), 2.37 (CH,CO, t, ] =
7.7 Hz, 2H), 2.24—1.93 (CF,CH,CH,, m, 4H); ">*C NMR (CD;0D) ¢
172.9,103.5,76.6, 73.7,70.2, 67.8, 61.3, 60.0, 34.4, 29.6 (CF,CH,, t, ] =
18.8 Hz), 16.3; "’F NMR (CD;0D) 6 —82.4 (3F), —115.3 (2F), —
122.9 (2F), —123.9 (2F), —124.3 (2F), —127.4 (2F).
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