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Surfactant

INTRODUCTION

The present invention relates to surfactants that are particularly useful for the
stabilisation of water in oil emulsions. Specifically, the surfactants have been found to
form water in oil emulsions wherein even hydrophobic small molecules are retained in
aqueous droplets for useful periods of time. The present invention also relates to
compositions and emulsions comprising the surfactants as well as to methods for
making surfactants and emulsions comprising the surfactant. Additionally, the present
invention relates to various methods, wherein the surfactant and/or emulsions are

employed, e.g. in droplet sorting, coalescing droplets, splitting droplets etc.

BACKGROUND

Surfactants have been used for many years in the production of stable
emulsions for various applications. General background prior art relating to emulsions
can be found in the following: US5,587,153; US6,017,546, W(02005/099661;
US2004/081633; US6,379,682; US2002/172703; W0O2004/038363; US2005/087122;
US2007/275415 and US2008/053205. Conventional surfactants generally comprise a
hydrophilic head group soluble in an aqueous phase of an emulsion and one or more
lipophilic tails soluble in an oil phase of an emulsion.

More recently, surfactant-stabilised emulsions comprising microdroplets of
water in a continuous oil phase have found applications in microfluidic technologies,
enabling, for example, high throughput screening, enzyme studies, nucleic acid
amplification and other biological processes to be conducted. Biological assays may,
for example, be performed in microfluidic devices using a very small quantity of
biological material. Further information relating to microfluidic technology can be found
in our previous applications W02009/050512 and WQ02015/015199. Other general
background prior art on microdroplets can be found in patents/applications in the name
of RainDance Technologies Inc., for example W02008/063227.

In microfluidic applications the use of oils and especially fluoruous oils as the
continuous phase in emulsion formation and production is beneficial because they
have useful microfluidic properties, such as low friction, non-volatility (unlike alcohols),
temperature-resistance and can easily create oil-water emulsions.

However, conventional surfactants are generally not suitable for stabilising

emulsions comprising a fluorous oil phase due to solubilty issues. Furthermore, many
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conventional surfactants are toxic to biological molecules and to cells and can hinder
gas transfer from the external environment to the inner regions of the emulsion.

Moreover, it has been found that small organic molecules, and especially
hydrophobic small organic molecules, have a tendency to leak out, or escape from,
aqueous droplets into the fluorous oil phase. This is because these types of molecules
prefer to locate into the fluorous oil phase and the barrier, i.e. the droplet membrane
formed by conventional surfactants is not sufficient to prevent the molecules moving
through it or across it. This is obviously problematic in microfluidic technologies which
rely on the aqueous droplets formed by the surfactants to retain analytes in the
aqueous phase whilst sorting, assessing etc. is carried out.

New surfactants suitable for stabilising water in oil (e.g. fluorous oil) emulsions,
and in particular such emulsions comprising hydrophobic small organic molecules in

the aqueous phase, are therefore required.

SUMMARY OF INVENTION

Viewed from a first aspect the present invention provides a surfactant of formula

():

A-(L1)a-(CH2)b(L2)e-X 0
wherein
A is a perfluoropolyether;
L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;
b is 0 or an integer between 1 and 10;
L, is a linking group;
cisOor1; and
X is a charged group.
Viewed from a further aspect the present invention provides a method for
making a surfactant of formula (1),
A-(L1)a-(CH2)b(L2)e-X 0
wherein
A is a perfluoropolyether;
L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;
b is O or an integer between 1 and 6;
L, is a linking group;

cisOor1; and
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wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;

R® is selected from C1.s alkyl and (CH,)¢O(CH,CH,0).R* wherein R*is H or Cy alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;

R* is selected from C. alkyl; and

W is a counter ion;

comprising reacting a compound of formula (a): A-(L1)a-(CH2)p-(L2)e-X’ (Q)
wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is 0 or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

X is:

#J\N/W yr“f f\N/\N Jé ="
T ) U Y

wherein
R" and R? are independently selected from H and Ci.s alkyl, preferably methyl; and

R* is selected from C.s alkyl;

with R*-W, wherein
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R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,

preferably 5 to 50 and more preferably 10 to 30; or

with W—(CH,),O(CH,CH.0)4(CH,)s-W, wherein r is a positive integer from 2to 6, gis O
or a positive integer (e.g. 1 to 100), s is 0 or a positive integer from 2 to 6; and
W is a leaving group

Viewed from a further aspect the present invention provides a method for
making a surfactant of formula (1),

A-(L1)a-(CH2)b(L2)e-X 0

wherein
A is a perfluoropolyether;
L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;
b is O or an integer between 1 and 6;
L, is a linking group;
cisOor1; and
Xis

)‘JJ\W/R? r‘y(\w/z
/ /

R® R® RS RS

wherein

R® is selected from H and C,.¢ alkyl;

R®is an C..s alkyl group substituted by a COO™ or SO;™ group:;

R’ is selected from H, Cis alkyl and (CH,)O(CH.CH,O).R* wherein R* is
independently H or C,.¢ alkyl, d is a positive integer from 2 to 6, and e is 0 or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; and

Z is —(CH,)O(CH,CH,0)4(CH>)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a positive integer
from 2 to 6, g is O or a positive integer, s is 0 or a positive integer from 2 to 6, X is as

defined in claim 18, and L,, L4, A, ¢, b and a are as defined in any one of claims 110 9;

comprising reacting a compound of formula (a): A-(L1)a-(CH2)p-(L2)e-X’ (Q)
wherein
A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;
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aisOor1;
b is O or an integer between 1 and 6;
L, is a linking group;

cisOor1; and

X' is:
R’ z
y‘JJ\N - fxf.\N/
. e
wherein

R® is selected from H and C1 alkyl; and

R’ is selected from H, C1¢ alkyl, (CH2)4O(CH,CH,0).R*, wherein R* is independently H
or Cy alkyl, d is a positive integer from 2 to 6, and e is O or a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30;

Z is —(CH,)O(CH,CH,0)4(CH>)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a positive integer
from 2 to 6, g is 0 or a positive integer, s is 0 or a positive integer from 2 to 6, X is as
herein defined in relation to formula llibi, and L,, L, A, ¢, b and a are as herein defined

in relation to formula (1);

with R®-W, wherein
R® is selected from a C1.s alkyl group substituted by a COOH or SO;H group; and
W is a leaving group.

Viewed from a further aspect the present invention provides a method for
making a surfactant of formula (1):

A-(L1)a-(CH2)b(L2)e-X 0

wherein
A is a perfluoropolyether;
L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;
b is O or an integer between 1 and 6;
L, is a linking group;
cisOor1; and
Xis
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ﬁ
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wherein
R® is selected from H, Cis alkyl and (CH,CH,0)R* wherein R* is independently H or
Cis alkyl and e is a positive integer from 1 to 100, preferably 5 to 50 and more
preferably 10 to 30;
Z is selected from —(CH,)O(CH,CH,0)g(CH2)s-X-(L2)e-(CH2)p-(L1)a-A  and  —
(CH)CH,[(CH2),O(CHCH20)gR W[(CH2)e-X-(L2)c-(CH2)p-(L1)a-Aly, wherein r is a
positive integer from 2 to 6, t is a positive integer from 1to 6, uisOor 1, wandyis 1 or
2, the sum of u, w and y equals to 3, g is O or a positive integer, s is 0 or a positive
integer from 2 to 6, R*is independently H or C; alkyl, X is as herein defined in relation
to formula IVb, and L, L, A, ¢, b and a are as herein defined in relation to formula (1);
and

W' is a counter ion;

comprising reacting a compound of formula A-(L:)a-(CH2)p-(L2)c-OH with POCI;,
followed by hydrolysis, wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group; and

cisOor1;

and optionally reacting the resulting compound with C,. alcohol or HO(CH,CH,0).R”,
HO-(CH,)O(CH.CH,0)4(CH,)s-OH or HO-(CH):CH,[(CH2)/O(CH.CH0)4R]w-[(CH2)r
OH],, wherein R* is independently H or C+. alkyl, r is a positive integer from 2 to 6, t is
a positive integer from 1 to 6, uis O or 1, wand y is 1 or 2, the sum of u, w and y
equals to 3, s is 0 or a positive integer from 2 to 6 and e and g is a positive integer from
1 to 100, preferably 5 to 50 and more preferably 10 to 30.

Viewed from a further aspect the present invention provides a composition
comprising a surfactant as hereinbefore defined.

Viewed from a further aspect the present invention provides the use of a

compound of formula (I) as hereinbefore defined as a surfactant.
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Viewed from a further aspect the present invention provides the use of a
surfactant as hereinbefore described in the preparation of an emulsion.

Viewed from a further aspect the present invention provides an emulsion
comprising a surfactant as hereinbefore described.

Viewed from a further aspect the present invention provides a method of
preparing an emulsion as hereinbefore defined comprising:

(i) providing an aqueous phase;

(i) providing an oil phase, preferably a fluorous oil phase; and

(iif) mixing said aqueous phase, said oil phase and a surfactant as hereinbefore
defined to form said emulsion.

Viewed from a further aspect the present invention provides a method
comprising performing one or more chemical and/or biological reactions, and/or
biological processes in the discontinuous aqueous phase of an emulsion as
hereinbefore defined.

Viewed from a further aspect the present invention provides a method for
sorting droplets in a microfluidic device, the method comprising:

(i) providing a stream of aqueous droplets in an emulsion as hereinbefore defined
in a channel of the microfluidic device;

(ii) illuminating the stream from a first direction;

(iii) detecting light from analytes within the droplets in a second direction; and

(iv) sorting the droplets into one of a plurality of differentiated streams responsive to
the detected light or a measurable signal.

Viewed from a further aspect the present invention provides a method of coalescing
droplets in a microfluidic device, the method comprising:

() providing at least two aqueous droplets in an emulsion as hereinbefore

defined in a channel of the microfluidic device; and

(i) exposing the aqueous droplets to an electric field, thereby causing

coalescence of the at least two aqueous droplets into a single droplet.

Viewed from a further aspect the present invention provides a method of

introducing a fluid into a droplet in a microfluidic device, the method comprising:

() providing an aqueous droplet in an emulsion as hereinbefore defined in a

channel of the microfluidic device; and

(i) contacting the aqueous droplet with a stream of fluid, thereby introducing

said fluid into the aqueous droplet.
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Viewed from a further aspect the present invention provides a method of
splitting droplets in a microfluidic device, the method comprising:

() providing a microfluidic device comprising a microfluidic junction, said
microfluidic junction comprising a first microfluidic channel, a second microfluidic
channel and a third microfluidic channel;

(i) providing an aqueous droplet in an emulsion as hereinbefore defined in said
first microfluidic channel; and

(i) passing the aqueous droplet through the microfluidic junction, thereby
splitting said aqueous droplet into at least a first daughter droplet and a second
daughter droplet, the first daughter droplet in the second microfluidic channel and the
second daughter droplet in the third microfluidic channel.

Viewed from a further aspect the present invention provides a method of sorting
droplets in a microfluidic device, the method comprising:

() providing a microfluidic device comprising a microfluidic junction, said
microfluidic junction comprising a first microfluidic channel, a second microfluidic
channel and a third microfluidic channel;

(i) providing an aqueous droplet in an emulsion as hereinbefore defined in said
first microfluidic channel;

(i) passing the aqueous droplet through the microfluidic junction, thereby
splitting said aqueous droplet into at least a first daughter droplet and a
second daughter droplet, the first daughter droplet in the second microfluidic
channel and the second daughter droplet in the third microfluidic channel;

(iv) detecting said first daughter droplet by mass spectroscopy; and

(v) sorting said second daughter droplets into one of a plurality of differentiated
streams responsive to the mass spectroscopy on said first daughter droplet.

Viewed from a further aspect the present invention provides a method of
extracting a molecule from a fluid, the method comprising:

() dissolving a surfactant as hereinbefore defined in carbon dioxide to form a
carbon dioxide/surfactant mixture;

(i) adding a fluid comprising the molecule to the carbon dioxide/surfactant
mixture, thereby extracting the molecule from the fluid into the carbon dioxide.

Viewed from a further aspect the present invention provides the use of a
surfactant as hereinbefore defined in a microfluidic channel or device, in a molecular
isolation in larger fluidic devices, containers or vats, or in an automated device with
associated software that controls a microfluidic channel or device.

Viewed from a further aspect the present invention provides the use of an

emulsion as hereinbefore defined in a microfluidic channel or device or in an
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automated device with associated software that controls a microfluidic channel or

device

DEFINITIONS

As used herein the term “perfluoropolyether” refers to a polyether compound
wherein all of the hydrogen atoms have been replaced by fluorine atoms.

As used herein the term “polyether” refers to an organic compound comprising
two or more —O- linkages.

As used herein the term “charged group” refers to a group comprising at least
one positively charged or negatively charged atom or group of atoms. The term
encompasses groups wherein both a positive charge and a negative charge is present,
i.e. zwitterionic groups.

As used herein, a wavy bond indicates the point of attachment of a group to
another part of the compound of which it is a constituent part. Thus, a group with one
wavy bond is a terminal group whereas a group with two wavy bonds is generally a
linking group.

As used herein the term “alkyl’ refers to saturated, straight chained, branched
or cyclic groups. Alkyl groups may be substituted or unsubstituted.

As used herein the term “alkylene” refers to a bivalent alkyl group.

As used herein the term "substituted" refers to a group wherein one or more, for
example up to 6, more especially 1, 2, 3, 4, 5 or 6, of the hydrogen atoms in the group
are replaced independently of each other by the corresponding number of the
described substituents. The term "optionally substituted" as used herein means
substituted or unsubstituted.

As used herein the term “polyalkylene oxide” refers to a compound or group
comprising repeating units derived from one or more alkylene oxides (e.g. ethylene
oxide and/or propylene oxide). These compounds comprise —alkylene-O- repeat units.
Typically, the alkylene is ethylene or propylene or a mixture thereof. The term
“‘polyalkylene oxide” is used synonomously with “poly(alkylene oxide)”,
“poly(oxyalkylene) and “poly(alkylene glycol)”.

As used herein the term “fluorous” refers to any group or substance which
contains one or more fluorine atoms. Generally, the group or substance contains
multiple fluorine atoms. For example, a fluorous oil refers to any oil containing fluorine
atoms, including partially fluorinated hydrocarbons, perfluorocarbons, hydrofluoroethers
and mixtures thereof.

As used herein the term “leaving group” refers to any atom or group capable of

departing from a molecule following heterolytic cleavage of the covalent bond joining
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the leaving group to the rest of the molecule, taking with it the bonding electrons from

the covalent bond.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to surfactants which are particularly useful for the
stabilisation of water in oil emulsions. The surfactants comprise a lipophilic,
perfluoropolyether tail which extends out into or “faces” the oil phase and a hydrophilic
head which “faces” the aqueous phase. In some surfactants of the present invention,
the charged group forms the hydrophilic head. In particularly preferred surfactants of
the invention, the surfactants comprise a perfluoropolyether tail, a hydrophilic head and
a charged group in between the perfluoropolyether tail and the hydrophilic head. In
these latter surfactants the charged group is believed to advantageously form a
charged interface layer around the droplet which is believed to minimise, or prevent,
the leakage of small organic molecules, and in particular, small organic hydrophobic
molecules, from the aqueous phase in the droplets to the oil phase. Effectively it is
thought that the charged group creates a charge barrier in the droplet membrane
between the lipophilic tail and the hydrophilic head which makes it unfavourable for
hydrophobic molecules to pass through or across the membrane.

The surfactants of the invention are of formula (1):

A-(L1)a-(CH2)b(L2)e-X 0

wherein
A is a perfluoropolyether;
L, is CONR, wherein R is selected from H and C . alky!;
ais 0 or 1, preferably 1;
b is O or an integer between 1 and 10, preferably 2-3;
L, is a linking group;
cis O or 1, preferably O; and
X is a charged group.

In surfactants of the present invention, A preferably comprises a repeat unit of
the formula -[CF(CF;)CF,Oln-, wherein m is a positive integer. More preferably A
comprises a unit of the formula -[CF,CF,O],-[CF(CF;)CF.O]n-, wherein m and n are
each O or a positive integer, with the proviso that m and n are not both 0. n is preferably
0 or an integer from 1 to 100, e.g. an integer from 5 to 50. In preferred surfactants n is
0. In particularly preferred surfactants A consists of the formula CF;CF.CF.O-
[CF(CF3)CF,0]-CF(CF3)-, wherein m is a positive integer. In the surfactants of the

present invention in the above formulae m is preferably an integer from 1 to 100 (e.g. 1

10
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to 50), more preferably an integer from 5 to 50 and particularly preferably an integer
from 10 to 25. In preferred surfactants of the present invention A has a weight average
molecular weight of 166 to 16,600 Da, more preferably 800 to 9,000 Da and yet more
preferably 1,500 to 6,000 Da.

In some surfactants of the present invention, a is 0. More preferably, however,
ais 1and L, is CONH or CONC, alkyl and still more preferably a is 1 and L, is CONH
or CONCHjs.

In further preferred surfactants of the present invention, b is a positive integer.
Thus, in preferred surfactants of the invention there is an alkylene group between the
perfluoropolyether component of the surfactant and the charged X group. The alkyl
group acts as a spacer and advantageously makes the surfactant more stable, e.g.
more resistant to hydrolysis. Preferably b is an integer from 1 to 10. More preferably b
is 2 or 3.

In some surfactants of the present invention ¢ is 1 and L, is a linking group
comprising or consisting of an amide, thioester, ester, carbonate, carbamate, ether,
thioether, urea, sulfonyl or sulphonamide. More preferably the linking group comprises,
e.g. consists of, an amide or sulphonamide linkage. In some preferred surfactants of
the present invention, ¢ is 1 and L, is a linking group comprising or consisting of -
C(O)NH-, -C(O)NMe-, -NHC(O)-, -NMeC(0O)-, -NHCOCH=CH-, -NMeCOCH=CH-, -
C(0)S-, -SC(0O)-, -C(O)O-, -OC(0)-, -OC(0O)0O-, —OC(O)NH-, —OC(O)NMe-, -O-, -S-, -
NHC(O)NH-, -NMeC(O)NH-, -NHC(O)NMe-, -NHC(O)O-, -NMeC(O)O-, -SO,NH-, -
NHSO,-, -SO,NMe-, -NMeSO,- -NHSO,-CgH4-O- and -0-CgH4-SO,NH-. More
preferably the linking group comprises or consists of -C(O)NH-, -C(O)NMe-, -NHC(O)-,
-NMeC(O)-, -NHCOCH=CH-, -NMeCOCH=CH-, -SO,;NH- and -NHSO,- and more
preferably -NHC(O)-, -NMeC(O)-, -NHCOCH=CH-, -NMeCOCH=CH-, -SO,NH-, -
NHSO,-, -SO,NMe- and -NMeSO,-. More preferably, however, cis 0.

In particularly preferred surfactants of the invention, A is CF;CF.CF,0O-
[CF(CF3)CF,0]n-CF(CF3)-, wherein m is a positive integer (e.g. 1 to 100), ais 1 and L,
is CONH or CONC.; alkyl, b is an integer from 1 to 10 and ¢ is 0. In still further
preferred surfactants A is CF;CF.CF,O-[CF(CF3)CF.0]n-CF(CF3)-, wherein m is 5 to
50,ais 1and L, is CONH or CONC s alkyl, bis2 or3and cis 0.

In some preferred surfactants of the present invention, a and b are not both 0.

In some preferred surfactants of the present invention, a and ¢ are not both O.

In some preferred surfactants of the present invention, b and ¢ are not both O.

In some preferred surfactants of the present invention, a, b and ¢ are not all 0.

In the surfactants of the present invention, X comprises a positively charged

group, a zwitterionic group or a negatively charged group.

11
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When X is a positively charged group, A is preferably CF;CF,CF,O-
[CF(CF3)CF,0]n-CF(CF3)-, wherein m is a positive integer (e.g. 1 to 100). When X is a
positively charged group a is preferably 1 and L, is CONH or CONC, alkyl. When X is
a postively charged group, b is preferably an integer from 1 to 10. When X is a
positively charged group, ¢ is preferably 0. Still more preferably when X is a positively
charged group, A is CF;CF,CF,O-[CF(CF3)CF,0]n-CF(CF3)-, wherein m is a positive
integer (e.g. 1t0 100), ais 1 and L, is CONH or CONC,¢ alkyl, b is an integer from 1 to
10 and cis 0.

In the surfactants of the present invention when X is a positively charged group,
the positively charged group preferably comprises a quaternary nitrogen atom.

In the surfactants of the present invention, when X is a positively charged

group, X is preferably selected from formula (lla):

SIS A SN

I\ P/ jY};V

\R3 /N

(lla)

wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;

R® is selected from C1.s alkyl and (CH,)4O(CH,CH,0).R* wherein R*is H or Cy alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;

R* is selected from C. alkyl; and

W is a counter ion.

The wavy line denotes where the X group is attached to the remainder of the
surfactant, i.e. L, where L; is present, otherwise (CH.), where b is 1 or more, otherwise
L.

Preferably R' and R?® are independently selected from C.¢ alkyl. More
preferably R' and R? are selected from methyl, ethyl, propyl and butyl. Still more
preferably R' and R? are methyl.

Preferably R® is selected from C,. alkyl and (CH,)4O(CH,CH,0).R*, wherein R*
is H or Ci¢ alkyl, d is 2, and e is a positive integer from 1 to 100, preferably 5 to 50 and
more preferably 10 to 30. Still more preferably R® is selected from Ci. alkyl and yet

more preferably methyl.
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Preferably R* is selected from methyl, ethyl, propyl and butyl. Still more
preferably R* is methyl.

W' may be any counter ion. Representative examples of W include halides
(e.g. Br-, |-, Cl-), tosylate, mesylate and acetate. Additionally, W may be a
polycharged compound (e.g. a di or tri carboxylate) or polymer e.g. poly(carboxylate).
Suitable polycharged compounds and polymers are discussed below in more detail.

In preferred surfactants of the invention, when Xis a positively charged group,
X is preferably not a terminal trialkyl ammonium group.

In further preferred surfactants of the invention, when X is a positively charged
group, X is preferably not a —N*(C,Hs)>(CH3)W group, wherein W' is a counter ion as
hereinbefore defined above.

In further preferred surfactants of the invention, when X is a positively charged
group, X is preferably not a —N*(C,Hs)2(CHs)I" group.

In further preferred surfactants of the invention, when X is a positively charged

group, X preferably comprises a group selected from formula (l1b):

RAAY P
Lot SN, Ans A
R1/ \R2 | N \=/W \r
F N\ég N /
R4
(Ilb)
wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C. alkyl; and
W is a counter ion.

The wavy line denotes where the X group is attached to the remainder of the
surfactant. Thus on one side the X group is attached to L, where L, is present,
otherwise (CH.), where b is 1 or more, or otherwise L;. On the other side, X is
preferably attached to a further organic group, Z. Thus in this group of compounds, X,
the charged group, functions as linking group. In such surfactants the charged group is
believed to advantageously generate a charge barrier in the aqueous droplet
membrane that hinders or prevents the ability of small organic molecules, especially
hydrophobic small organic molecules to pass through or across the membrane.

Preferably R' and R?® are independently selected from C.¢ alkyl. More
preferably R' and R? are selected from methyl, ethyl, propyl and butyl. Still more
preferably R' and R? are methyl.
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W' may be any counter ion. Representative examples of W include halides
(e.g. Br-, |-, Cl-), tosylate, mesylate and acetate. Additionally, W may be a
polycharged compound (e.g. a di or tri carboxylate) or polymer e.g. poly(carboxylate).
Suitable polycharged compounds and polymers are discussed below in more detail.

In further preferred surfactants of the invention, when X is a positively charged

group, X is preferably selected from formula (llc):

jﬁx\/VN\C/Z ’A:r X ff\N/\N(NfZ j‘\rN W

~, \—/ /N/\)

R‘] R2 | / N+W —

(llc)

wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C.s alkyl

Z is an organic group; and

W is a counter ion.

Preferably R' and R?® are independently selected from C.¢ alkyl. More
preferably R' and R? are selected from methyl, ethyl, propyl and butyl. Still more
preferably R' and R? are methyl.

W' may be any counter ion. Representative examples of W include halides
(e.g. Br-, |-, Cl-), tosylate, mesylate and acetate. Additionally, W may be a
polycharged compound (e.g. a di or tri carboxylate) or polymer e.g. poly(carboxylate).
Suitable polycharged compounds and polymers are discussed below in more detail.

Preferably Z is —(CH,)O(CH,CH,0)q(CH2)s-X-(L2)c-(CH2)b-(L1)a-A, Wherein ris a
positive integer from 2 to 6, g is 0 or a positive integer from 1 to 100, s is 0 or a positive
integer from 2 to 6, X is as hereinbefore defined in relation to formula llb, and L, L, A,
¢, b and a are as defined in relation to formula (1).

Preferably r is 2 or 3 and more preferably 2. Preferably g is 5 to 50 and still
more preferably 10 to 30. Preferably s is 0, 1, 2 or 3, more preferably 2 or 3 and still
more preferably 2.

Preferably X is selected from:
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N

| _ /
R1 R2 F Nﬂj‘ \>

wherein

r‘JJ\VV /'15‘ )“JJ N ;é\ N+/22 7Vv:

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C. alkyl; and

5 W is a counter ion.

Preferred L, Ly, A, ¢, b and a are as set out above in relation to formula (I).
Preferred R', R?, R* and W are as set out above in relation to formula (lIb).

When X is a positively charged group, preferred surfactants of the invention are
selected from:

C|)F
CF w
F
F30F2CF2CO/< >\ /\ </\/
C

F3

CF3
F3CF2CF2CO/é / >\
CF
F4CF,CF,CO / >\ )L
C

Fa

10

3

H|/\

| )k
/% (O
C

Fa
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F3CF,CF,CO
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2

I
CE
F3CF20F2CO</ \g/
2

[
CE
F3CF2CF2CO/Q \g/
2

0
O)k
f% Y
CF; H

CF;
CE
\C/
F>

O
;l)Ll «

0 0
O%F)J\H
mC N 3°N
7 1
H
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CF, H N OH
Ay
3

Om}c})kwf(%ﬂx

| N*—CH
CFs H ~/ W

CH,
CF4 H N W
v,
H;C
0O 0O
m C|: T 3 '\ll | CHs
CF;  H H N W
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F30F20F2CO/<C|: >\ )k | *\)\W/\/ 9\

F3CF,CF,CO

F3CF,CF,CO
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Lo

H
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H AN

Y
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F3CF2CF2CO/Q >\ /K

Fs

CF )L
F3CF,CF,CO /\O
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g W-

N+
B
c|:F3 0 7
CE. O )L
F
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C|3F3 0
CF 0 )k
FACF,CF,CO N ¢ 2\5 N/(/\)?N/\vv-/(\/o
SN - g
CFs H ~
W
/S
C|)F3 0 N
oy
F3CF2CF2CO/< \g/ >\F|; T )
2 m
CFs H
wherein

m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from
5 to 50 and particularly preferably an integer from 10 to 25,

e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
30.

When X is a zwitterionic charged group, A is preferably CF;CF,CF,O-
[CF(CF3)CF,0]n-CF(CF3)-, wherein m is a positive integer (e.g. 1 to 100). When X is a
zwitterionic group a is preferably O or a is preferably 1 and L, is CONH or CONCHs.
When X is a zwitterionic group, b is preferably an integer from 1 to 10. When X is a
zwitterionic group, c is preferably 0. Still more preferably when X is a zwitterionic
group, A is CF;CF,CF,O-[CF(CF;)CF.0O]m-CF(CF;)-, wherein m is a positive integer
(e.g. 1t0100), aisOorais 1 and L, is CONH or CONCHjs, b is an integer from 1 to 10
andcis 0.

In the surfactants of the present invention when X is a zwitterionic group, the
zwitterionic group preferably comprises a quaternary nitrogen atom. In further
preferred surfactants of the invention, when X is a zwitterionic group, X is preferably

selected from formula llla:;
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7
3‘< R

/\

R° R® |la

wherein

R® is selected from H and C,.¢ alkyl;

R®is an C.. alkyl group substituted by a COO™ or SO group; and

R’ is selected from H, Cis alkyl and (CH,)O(CH.CH,O).R* wherein R* is
independently H or C,. alkyl, d is a positive integer from 2 to 6, and e is 0 or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30;

or

R® and R® are each independently selected from H and C+.¢ alkyl; and

R’ is (CH.)o(CHQ)(CH2)(H")4(CH2CH,0)R*wherein Q is a COO™ or SO group, H*is S
or SO,, each of o and p is 0 or an integer from 1 to 6 with the proviso that both of o and
p cannot be 0, g is 1 or 0, R*is independently H or C,¢ alkyl, and e is O or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30.

The wavy line denotes where the X group is attached to the remainder of the
surfactant, i.e. L, where L; is present, otherwise (CH.), where b is 1 or more, otherwise
L.

In some preferred surfactants of the present invention R°® is selected from H and
Cis alkyl: R® is a Cy alkyl group substituted by a COO™ or SO; group; and R’ is
selected from H, C45 alkyl and (CH,);O(CH,CH,0).R*, wherein R* is independently H
or Cy alkyl, d is a positive integer from 2 to 6, and e is O or a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30.

Preferably R® is selected from Ci. alkyl. More preferably R® is selected from
methyl, ethyl, propyl and butyl. Still more preferably R°® is methyl.

Preferably R® is a C1.s alkyl group, more preferably a C+.5 alkyl group, and still
more preferably a C, alkyl group, substituted by a COO"

Preferably R’ is selected from C,. alkyl and (CH,)4O(CH,CH,0).R*, wherein R*
is independently H or C1.5 alkyl, d is 2, and e is O or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30. When R’ is Cy alkyl, it is preferably
methyl. When R’ is (CH,)¢O(CH.CH,0).R* R*is preferably Ci.c alkyl (e.g. methyl), d is
a positive integer from 2 to 6 (e.g. 2), and e is a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30.

In other preferred surfactants of the invention R® and R°® are each independently
selected from H and Cis alkyl; and R’ is (CH2)o(CHQ)(CH,),(H")q(CH.CH,0)R*
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wherein Q is a COO" or SO; group, H*is S or SO,, each of o and p is 0 or an integer
from 1 to 6 with the proviso that both of o and p cannot be 0, g is 1 or 0, R* is
independently H or C1¢ alkyl, and e is 0 or a positive integer from 1 to 100, preferably 5
to 50 and more preferably 10 to 30

Preferably R® and R® are H or CH; and more preferably H.

Preferably R’ is (CH.),(CHQ)(CH2),(H*)4(CH2CH,0).R* wherein Q is a COO
group, H*is S or SO,, each of o and p is 0 or an integer from 1 to 6 with the proviso
that both of o and p cannot be 0, g is 1 or 0, R*is C alkyl, and e is 0 or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30. Preferably o is
0. Preferably p is 1. Preferably e is 5 to 50 and more preferably 10 to 30. One
preferred R’ group is -CH(COO")CH,SO,(CH.CH,0).CH; wherein e is O or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30.

In further preferred surfactants of the invention, when X is a zwitterionic group,

X comprises a group selected from formula (l11bi) or (Il1bii):

JJ{/W\/E
R R® b
wherein

R® is selected from H and C1 alkyl; and

R® is an alkyl group substituted by a COO" or SO5™ group;

or
5J< /(CHZ)O(CHQ)(CH2)p(HX)q'(CH2CH2O)g'(CH2)s' %
N+
/\
RS R® [1bii
wherein

R® and R® are each independently selected from H and C+.s alkyl;

Qis a COO or SO5 group;

H*is S or SO;;

each of o and p is O or an integer from 1 to 6, with the proviso that both of o and p
cannot be O;

qis1orQ;

g is 0 or a positive integer from 1 to 100; and
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s is 0 or a positive integer from 2 to 6.

When X comprises a group:

S5,

/\

R> RS
preferably R® is selected from Ci alkyl. More preferably R° is selected from methyl,
ethyl, propyl and butyl. Still more preferably R* is methyl. Preferably R® is a C+.¢ alkyl
group, more preferably a C,.3 alkyl group, and still more preferably a C, alkyl group,
substituted by a COO

When X comprises a group:

5J< _~ (CH2)o(CHQ)(CH;)p(H)a-(CH,CH,0)-(CH)s- %
N+
/\

R> RS®

preferably R®> and R® are H or CH; and more preferably H. Preferably Q is a
COO" group, H* is S or SO,, each of o and p is O or an integer from 1 to 6 with the
proviso that both of 0 and p cannot be 0, q is 1 or 0, g is a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30 and s is O or a positive integer
from 2 to 6. Preferably o is 0. Preferably p is 1. Preferably g is 5 to 50 and more
preferably 10 to 30. Preferably s is 2.

The wavy lines denote where the X group is attached to the remainder of the
surfactant. Thus on one side the X group is attached to L, where L, is present,
otherwise (CH.), where b is 1 or more, or otherwise L;. On the other side, X is
preferably attached to a further organic group, Z. Thus, in this group of compounds, X,
the charged group, functions as linking group and is present as a charge barrier within
the droplet membrane to hinder or prevent the passage of hydrophobic molecules
therethrough.

In further preferred surfactants of the invention, when X is a zwitterionic group,

y‘< A7
N+

/ \

R°  R® (lllc)

X is selected from formula (llIc):

wherein
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R® is selected from H and C,.¢ alkyl;
R® is an alkyl group substituted by a COO" or SO, group; and
Z is an organic group.

Preferably R® is selected from Ci. alkyl. More preferably R® is selected from
methyl, ethyl, propyl and butyl. Still more preferably R® is methyl. Preferably R® is a
C1.6 alkyl group, more preferably a C4.; alkyl group, and still more preferably a C; alkyl
group, substituted by a COO

Preferably Z is —(CHy)O(CH,CH,0)g(CH2)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a
positive integer from 2 to 6, g is 0 or a positive integer (e.g. 1 to 100), s is 0 or a
positive integer from 2 to 6, X is as hereinbefore defined in relation to formula (llibi) and
(HlIbii), and L;, L4, A, ¢, b and a are as defined in relation to formula (1).

Preferably r is 2 or 3 and more preferably 2. Preferably g is 5 to 50 and still
more preferably 10 to 30. Preferably s is 0, 1, 2 or 3, more preferably 2 or 3 and still
more preferably 2.

Preferably X is selected from:

S5,

/\

RS RS
wherein
R® is selected from H and C1 alkyl; and

R® is an alkyl group substituted by a COO" or SO5™ group;

or
5J< /(CHZ)O(CHQ)(CH2)p(HX)q'(CHZCH2O)g'(CH2)s' %
N+
R5/ \R6
wherein

R® and R® are each independently selected from H and C+.s alkyl;

Qis a COO or SO group;

H*is S or SO;;

each of o and p is O or an integer from 1 to 6, with the proviso that both of o and p
cannot be O;

qis1orQ;

g is 0 or a positive integer from 1 to 100; and

s is 0 or a positive integer from 2 to 6.

22



WO 2019/106366 PCT/GB2018/053452

Preferred L, L4, A, ¢, b and a are as set out above in relation to formula (1).

When X is a zwitterionic group, preferred surfactants of the invention are
C|)F3 0
CE 0 )L
F
/< \C/ >\C NA
N |
CF H

CF3 0]

| )L
C 0
FgCFzCFzCO/< F\F/ >n\C NMN’/(\/ i\
i | | / \—C00O

selected from:

F3CF,CF,CO

CF3 coo
Y
F +
FgCFgCFgCO/< >\C/\N \e/\oa/
m | H2 e
CFs
CF3
F /k/
F30F20F200/< >\ | /\ oa/
m e

CFs
CF3 coor
L. VY,
F
FgCFzCFgCO/< 7 >\C/\K1 \V\ a/
F> m | H>
CFs
CF3 coor

F30F2CF2CO/< >m\ | U {e/\ a/

10 CF3

23



10

15

WO 2019/106366 PCT/GB2018/053452

CF3

TF
CR /k/ \/k+ ,é CF>\
F F
FsCFQCFQCO</ >\ 7N \6/\ )/\/ AN \ < Docr.cr.crs
CFs CF3

COO |
F /\ + /K/ S \/k + /\F \ AR
FaCFoCF,CO /N\ [ OCFCFCF5

| 2
CFa CFs

CFa
L \\// /VL I
N
F4CF,CF,CO >\F/\ /\F’% 7 JOCFACFCFa
CF3

CF3

BN u
F3CF2CF2COQ >\F/\ +/\F \ / OCFQCFQCFg
l CF3

CF3

c|:|=3 0
CE _O o
F3CF20F200/< \cF:/ >m\cF: N*\)?N"N 3
2 (|:F | / \—coo- /—coo-

3 H
N*—
H /J
c:|=3 Y )3
F4CF,CF,CO cl: o
CF;

wherein

m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from
5 to 50 and particularly preferably an integer from 10 to 25,

e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
30.

When X is a negatively charged group, A is preferably CF;CF,CF,0O-
[CF(CF3)CF,0]n-CF(CF3)-, wherein m is a positive integer (e.g. 1 to 100). When X is a
negatively charged group a is preferably 0. When X is a negatively charged group, b is
preferably an integer from 1 to 10. When X is a negatively charged group, c is
preferably 0. Still more preferably when X is a negatively charged group, A is
CF;CF,CF,0O-[CF(CF3)CF.0O]m-CF(CF5)-, wherein m is a positive integer (e.g. 1 to 100),

ais 0, b is an integer from 1to 10 and cis O.
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In the surfactants of the present invention when X is a negatively charged
group, the negatively charged group preferably comprises a carboxylate group, a
phosphate group or a sulphate group.

In further preferred surfactants of the invention, when X is a negatively charged

group, X is preferably selected from formula (IVa):

0 o) 0
| |

oy o/|\o-vv+ A0/|\0-W+
OR® O;

(IVa)
wherein
R® is selected from H, Ci alkyl and (CH2)4(CH2CH,0)R*, wherein R* is independently
H or C4. alkyl, d is a positive integer from 1 to 6, and e is a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30; and
W" is a counter ion.

The wavy line denotes where the X group is attached to the remainder of the
surfactant, i.e. L, where L; is present, otherwise (CH.), where b is 1 or more, otherwise
L.

Preferably R? is selected from Cy. alkyl and (CH,)4(CH.CH,0).R* wherein R* is
C1.6 alkyl, d is a positive integer from 1 to 6 and e is a positive integer from 1 to 100
and e is a positive integer from 1 to 100, preferably 5 to 50 and still more preferably 10
to 30.

W' may be any counter ion. Representative examples of W' include H* and
Na’. Additionally, W" may be a polycharged positive compound or polymer. Suitable
polycharged compounds and polymers are discussed below in more detail.

In further preferred surfactants of the invention, when X is a negatively charged

group, X preferably comprises a group selected from formula (IVb):

wherein

W' is a counter ion, e.g. H" or Na".

25



10

15

20

25

WO 2019/106366 PCT/GB2018/053452

The wavy lines denote where the X group is attached to the remainder of the
surfactant. Thus on one side the X group is attached to L, where L, is present,
otherwise (CH.), where b is 1 or more, or otherwise L;. On the other side, X is
preferably attached to a further organic group, Z. Thus, in this group of compounds, X,
the charged group, functions as linking group. It is also thought that the X group
functions as a charge barrier within the droplet membrane and prevents or hinders the
passage of hydrophobic molecules therethrough.

In further preferred surfactants of the invention, when X is a negatively charged

group, X is preferably selected from formula (IVc):

ﬁ
;é\ PARN
o | ow'
@)
\Z Ve
wherein
Z is an organic group; and
W+ is a counter ion.
Preferably Z is selected from:
—(CH2)/O(CH2CH,0)g(CH2)s-X-(L2)e-(CH2)s-(L1)a-A; and
—~(CH2)CH.[(CH2) O(CHCH0)gR™IWI(CH2)i-X-(L2)e-(CH2)o-(L1)a-Aly,
wherein r is a positive integer from 2 to 6, t is a positive integer from 1106, uis 0 or 1,
wandyis 1or2, the sumof u, wandy equals to 3, g is 0 or a positive integer, s is 0 or
a positive integer from 2 to 6, R* is independently H or Ci alkyl, X is as defined in
formula (IVDb), and L, L4, A, ¢, b and a are as defined in formula (I).
Preferably ris 1, 2 or 3 and more preferably 1 or 2. Preferably g is 5 to 50 and
still more preferably 10 to 30. Preferably s is 0, 1, 2 or 3, more preferably 2 or 3 and
still more preferably 2.

Preferably X is selected from:

wherein

W' is a counter ion, e.g. H" or Na".
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Preferred L, L4, A, ¢, b and a are as set out above in relation to formula (1).
When X is a negatively charged group, preferred surfactants of the invention
are selected from:

TFg 0
CE 0
F
F3CF2CFQCO/< ~c >\C
F2 m |
CF

3
o w'

CF3
I
F30F20F2CO/< >\F|/\o/ \O/N 99\

CF,
CF3 o w
|5
F
F4CF,CF,CO C/\O/ o
| wW*
CF,

CF3
[ ow .
F
F4CF,CF,CO /\ - \ A

CF3
0
0

CE. O o7
F
F,CF,CF,CO \g/ i N0 o w
2
C

F3
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CF3 o)
. »
F3CF,CF,CO( F
\é A \ \/ ~ / o o
o oW
C|=3 ow o” |
o)
CF3 <|3
o)
CF F/\ /F’< CF
F3CF,CF,CO o oW o\ cr,
CF3 F3CF,CF,CO C|:F
3L F
C|:/
CFs

CF3
O wt
P /6\/09\ /
F
FgCF2CF2CO/< >\ ' o P
CF3 J
0
F
F3CF2CF2CO/< ~c >\T
C

m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from

wherein

5 to 50 and particularly preferably an integer from 10 to 25,

e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
30.

The surfactants of the present invention may be grouped according to the
nature of the group X instead of the type of charge on the group. Another group of
preferred surfactants of the present invention are those of formula (I-I), wherein X is
selected from:

)Iv(\\r/\l\c/Ra ).rrf X fé\N/\w/R3

NG
R1/ \R2 | /N+W \—x/ i \i}

\R3 /7
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wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;

R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;

R* is selected from C.s alkyl;

R® is selected from H and C1 alkyl; R® is an C.s alkyl group substituted by a COO or
S0O;5 group; and R’ is selected from H, Ci alkyl, and (CH,)4O(CH,CH,0).R*, wherein
R* is independently H or C4 alkyl, d is a positive integer from 2 to 6, and e is 0 or a
positive integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; or

R® and R® are each independently selected from H and Cis alkyl: and R’ is
(CH2)o(CHQ)(CHa)p(H)o(CH2CH-0).R* wherein Q is a COO™ or SOz group, H*is S or
SO,, each of o and p is 0 or an integer from 1 to 6 with the proviso that both of o and p
cannot be 0, q is 1 or 0, R* is independently H or C, alkyl, and e is O or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30;

R® is selected from H, Cis alkyl and (CH,)sO(CH.CH,O).R* wherein R* is
independently H or C4 alkyl, d is a positive integer from 2 to 6, and e is a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; and

W and W+ are counter ions.

Preferred R", R?, R®, R*, R®, R®, R", R®, Q, H* d, e, 0, p, g and R* are as
hereinbefore defined above. Preferably, X is not a terminal trialkyl ammonium group.
More preferably, X is not a —N*(C,Hs),(CHs)W group, wherein W' is a counter ion as
hereinbefore defined above. Even more preferably, X is not a —N*(C,Hs),(CHs)I" group.

Particularly preferred surfactants of this group are selected from:
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wherein
5 m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from

5 to 50 and particularly preferably an integer from 10 to 25,
e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

W- and W+ are counter ions.

10 Another preferred group of surfactants of the present invention are those of
formula (1a),
A-(L1)a-(CH2)p-(L2)e-X-B-X-(L2)c-(CH2)p-(L1)a-A (la)
15 wherein:

A is a perfluoropolyether;
B is a polyalkylene oxide unit;

each L, is independently CONR)/, wherein R is selected from H and C/.¢ alkyl,
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each a is independently O or 1,

each b is independently O or an integer between 1 and 6;
each L, is independently a linking group;

each cis independently 0 or 1; and

each X is independently selected from:

hAA VP
S LA, ANy & e
R1/ \R2 | N \=/W- Y /
F N\jv N
‘|’|
;’S\ PR
&w}?_ @) (|) oWwW*
R5/ \R6 ?
wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C.s alkyl;

R® is selected from H and C,.¢ alkyl;

R® is an alkyl group substituted by a COO" or SO, group; and

W and W+ are counter ions.

Preferred R', R2, R* R® and R® are as hereinbefore defined above.

Preferably B is comprises a unit of the formula -[CH,CH,O]g-, wherein g is a
positive integer. Optionally each B further comprises one or more (CH,)O and/or -
(CHy)s- groups wherein s and r are each independently selected from a positive integer
from 2 to 6. In some preferred surfactants of the present invention, each B consists of a
unit of the formula -[CH,]O-[CH,CH,O]g-[CH.]s-, wherein g is a positive integer and r
and s are each independently 0, 1, 2, 3, 4 or 5. Preferably r and s are each
independently 0, 1, 2 or 3. In some preferred surfactants of the invention both r and s
are 0, i.e. B consists of the formula -[CH,CH,O],-. In other preferred surfactants r is 0
and s is 2, i.e. B consists of the formula -[CH,CH,0],;-CH,CH,-. Preferably g is an
integer from 1 to 100, more preferably 5 to 50, and yet more preferably 10 to 30.

Particularly preferred surfactants of this group are selected from:
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wherein

m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from

5 to 50 and particularly preferably an integer from 10 to 25;

5 g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
30; and

W- and W+ are counter ions.

Preferred surfactants of the present invention are selected from:
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Preferred surfactants of the present invention have a weight average molecular
5 weight of 500 to 20,000 Da, more preferably 2,000 to 15,000 Da and yet more
preferably 3,000 to 10,000 Da.

The present invention also relates to methods for making the surfactants as

3

hereinbefore defined. The surfactants may be prepared using conventional reactions
from commercially available starting materials.
10 For instance, surfactants of formula (1),
A-(L1)a-(CH2)b(L2)e-X 0
wherein
A, L4, a, b, Ly is a linking group and ¢ are as defined in formula (I) and
Xis

)Iv(\\r/\l\c/Ra ).rrf X fé\N/\w/R3

NG
R1/ \R2 | /N+W \—x/ i \i}

\R3 /N
15 R*
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wherein

R'-R* and W are as defined in formula (lla), and preferably, X is not a terminal trialkyl
ammonium group, more preferably, X is not a —=N*(C,Hs).(CH3)W' group, wherein W is
a counter ion as hereinbefore defined above, and even more preferably, X is not a —
N*(C2Hs)2(CHs)I™ group,

may be prepared by a method comprising reacting a compound of formula (a): A-(L+)a-
(CH2)p-(L2)-X (a)
wherein A, Ly, a, b, L, is a linking group and ¢ are as defined in formula (I) and X’ is:

.v‘y(\ /R1 r’xj AN ;CV\

S YJ

wherein
R" and R? are independently selected from H and Ci.s alkyl, preferably methyl; and

R* is selected from C.s alkyl;

with R®-W, wherein
R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30; or
with W—(CH,),O(CH,CH.0)4(CH,)s-W, wherein r is a positive integer from 2to 6, gis 0
or a positive integer, s is 0 or a positive integer from 2 to 6; and
W is a leaving group.

Similarly, surfactants of formula (1),

A-(L1)a-(CH2)b(L2)e-X 0

wherein

A, L4, a, b, Ly is a linking group and ¢ are as defined in formula (I) and

Xis
ff\w/R? r‘y(\w/z

RS R® R5 R6
wherein

R®-R’ are as defined in formula (llla);
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may be prepared by a method comprising reacting a compound of formula (a): A-(L+)a-
(CH2)p-(L2)-X (a)
wherein A, Ly, a, b, L, is a linking group and c are as defined in formula (I) and

X' is:
R’ z
r‘J’(\N/ nyf\N/
. e
wherein

R® is selected from H and C1 alkyl; and
R’ is selected from H, C1¢ alkyl, (CH2)4O(CH,CH,0).R*, wherein R* is independently H
or Cy alkyl, d is a positive integer from 2 to 6, and e is O or a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30;
Z is —(CH,)O(CH,CH,0)4(CH>)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a positive integer
from 2 to 6, g is 0 or a positive integer, s is 0 or a positive integer from 2 to 6, X’ is as
defined in formula (llib), and L,, L, A, ¢, b and a are as defined in formula (I);
with R®-W, wherein
R® is selected from a C1.s alkyl group substituted by a COOH or SO;H group; and
W is a leaving group.

In preferred methods of the invention, the leaving group W is selected from Cl,
Br, I, OMe, OEt, OH, OTs, OMs, OTf and OCsH4sNO..

Surfactants of formula (1):

A-(L1)a-(CH2)b(L2)e-X 0

wherein
A, L4, a, b, Ly is a linking group and ¢ are as defined in formula (I) and
Xis

O O

ﬁ

| |

f\O/T\O_W af\o/T\o_WF féj o T\O'V\F
O OR® O\z

wherein

R® is selected from H, Cis alkyl and (CH,CH,0)R* wherein R* is independently H or

Cis alkyl and e is a positive integer from 1 to 100, preferably 5 to 50 and more

preferably 10 to 30;
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Z is selected from —(CH,)O(CH,CH,0)g(CH2)s-X-(L2)e-(CH2)p-(L1)a-A  and  —
(CH)CH,[(CH2),O(CHCH20)gR W[(CH2)e-X-(L2)c-(CH2)p-(L1)a-Aly, wherein r is a
positive integer from 2 to 6, t is a positive integer from 1to 6, uisOor 1, wandyis 1 or
2, the sum of u, w and y equals to 3, g is O or a positive integer, s is 0 or a positive
integer from 2 to 6, R* is independently H or C,¢ alkyl, X is as defined in formila (IVb)

and L,, Ly, A, ¢, b and a are as defined in formula (1)

may be prepared by a method comprising reacting a compound of formula (b) A-(L+)a-
(CH2)p-(L2)c-OH with POCI;, followed by hydrolysis, wherein A, Ly, a, b, L, is a linking

group and ¢ are as defined in formula (1)

and optionally reacting the resulting compound with C4. alcohol, HO(CH,CH,0O).R”,
HO-(CH,)O(CH.CH,0)4(CH,)s-OH or HO-(CH):CH,[(CH2)/O(CH.CH0)4R]w-[(CH2)r
OH],, wherein R* is independently H or C+. alkyl, r is a positive integer from 2 to 6, t is
a positive integer from 1 to 6, uis O or 1, wand y is 1 or 2, the sum of u, w and y
equals to 3, s is 0 or a positive integer from 2 to 6 and e and g is a positive integer from
1 to 100, preferably 5 to 50 and more preferably 10 to 30.

The surfactants of the present invention may be incorporated into compositions.
Thus, compositions comprising a surfactant as hereinbefore defined form another
aspect of the present invention.

Some preferred compositions of the invention further comprise a multicharged
compound or polymer. This is preferably the case when the surfactant is of formula (I-
). When the surfactant is of formula (la), preferred compositions of the invention do
not comprise a multicharged compound or polymer.

When present preferably the multicharged compound or polymer carries the
opposite charge to the X group of the surfactant. Thus, when the surfactant has a
positively charged X group, preferably the multicharged compound or polymer is
negatively charged. When the surfactant has a negatively charged X group, preferably
the multicharged compound or polymer is positively charged. Without wishing to be
bound by theory it is thought that the multicharged compound or polymer interacts with
the charges on more than one surfactant molecule and effectively holds or ties them
together in the membrane. Thus, the multicharged compounds or polymers serve to
increase the stability of the aqueous droplets, whilst still enabling, e.g. the passage of
gas into, and out of, the droplets.

Representative examples of multicharged compounds and polymers with a

negative charge include sodium citrate, isocitric acid trisodium salt, sodium tartrate,
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sodium malonate, poly(sodium 4-styrenesulfonate), polyanetholesulfonic acid sodium
salt, poly(acrylic acid), poly(acrylic acid sodium salt).

Representative examples of multicharged compounds and polymers with a
positive charge include poly(diallyldimethylammonium chloride), poly(acrylamide-co-
diallyldimethylammonium chloride), and poly-L-lysine hydrochloride.

The compounds of formula (I) as hereinbefore defined are for use as
surfactants. Thus, in another aspect the present invention relates to the use of a
compound having a formula (I) as hereinbefore defined as a surfactant. The surfactants
of the invention may be used to stabilise an emulsion, more particularly to stabilise a
discontinuous aqueous phase, e.g. one or more aqueous droplets, in a continuous oil
phase, e.g. a continuous oil phase comprising a fluorous oil. The perfluoropolyether
component of the surfactants of the present invention acts as a fluorophilic tail, and is
soluble in an oil phase, e.g. the continuous oil phase of an emulsion, particularly
wherein the oil phase comprises a fluorous oil, e.g. a fluorous oil phase. The
hydrophilic head of the surfactants of the invention acts as a ionic headgroup, and is
soluble in an aqueous phase, e.g. the discontinuous aqueous phase of an emulsion.

The surfactants of the present invention may be used in the preparation of an
emulsion. The present invention thus also relates to the use of a surfactant as
hereinbefore described in the preparation of an emulsion.

The present invention also relates to an emulsion comprising a surfactant as
hereinbefore described. Preferred emulsions of the present invention comprise a
discontinuous aqueous phase, a continuous oil phase and a surfactant as hereinbefore
described. The emulsions may comprise aqueous phase, oil phase and surfactants in
any amounts suitable to form an emulsion. The skilled man will be readily able to
determine such amounts.

Preferably, the continuous oil phase of the emulsions of the invention comprises
a fluorous oil. The fluorous oil is preferably a partially fluorinated hydrocarbon, a
perfluorocarbon, a hydrofluoroether, or a mixture thereof. Particularly preferably the
fluorous oil is a hydrofluoroether. Preferred fluorous oils present in the continuous oil
phase of the emulsions of the present invention are Novec™ 7500 (3-ethoxy-
1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-(trifluoromethyl)-hexane), Novec™ 7300
(1,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-4-(trifftuoromethyl)-pentane), Novec™ 7200
(C4F¢OC,Hs), Novec™ 7100 (C4FsOCHs), Fluorinert™ FC-72, Fluorinert™ FC-84,
Fluorinert™ FC-77, Fluorinert™ FC-40, Fluorinert™ FC3283, Fluorinert™ FC-43,
Fluorinert™ FC-70, perfluorodecalin and mixtures thereof. More preferred fluorous oils
are Novec™ 7500 (3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-(trifluoromethyl)-

hexane), Fluorinert™ FC-40, Fluorinert™ FC3283 and perfluorodecalin, and still more
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preferred s Novec™ 7500 (3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-
(trifluoromethyl)-hexane).

In preferred emulsions of the present invention, the discontinuous aqueous
phase comprises a plurality of droplets. The droplets preferably have an average
diameter of 1 um to 500 pum, more preferably 10 to 150 um and still more preferably 30
to 120 um. This is advantageous because the volume of a droplet is therefore small,
and thus the amount of material, e.g. biological material, needed is small. It is preferred
that at least some of the droplets comprise one or more analytes. Preferably each
droplet comprises an average number of 0 to 100 analytes, more preferably 1 to 20
and still more preferably 1to 5, e.g. 1 analyte.

In preferred emulsions of the present invention comprising a plurality of
droplets, at least some of the droplets further comprise an aqueous and non-aqueous
phase, a chemical buffer, a biochemical buffer or a culture or other media. Examples of
suitable chemical buffers include ammonium bicarbonate, ammonium acetate and
phosphate-buffered saline (PBS). Examples of suitable biochemical buffers include
HEPES, PBS and Trizma.

In emulsions of the invention comprising a plurality of droplets wherein at least
some of the droplets comprise one or more analytes, the analyte may be any entity of
interest. In one group of emulsions of the invention comprising a plurality of droplets
wherein at least some of the droplets comprise one or more analytes, the analytes are
preferably biological molecules selected from small molecules, amino acids, peptides,
proteins, antibodies, enzymes, monosaccharides, disaccharides, oligosaccharides,
polysaccharides, nucleic acids, oligonucleotides, nucleotides, metabolites, cofactors
and artificially engineered molecules. More preferably the biological molecules are
selected from antibodies, enzymes, oligonucleotides and metabolites and still more
preferably from antibodies and metabolites. Optionally the biological molecules may be
contained in cells (e.g. mammalian cells, plant cells, algal cells, yeast cells,
hybridomas, microorganisms), cell organelles (e.g. cell nuclei, mitochondria), viruses or
prions.

In another group of emulsions of the invention comprising a plurality of droplets
wherein at least some of the droplets comprise one or more analytes, the analytes are
biological analytes, e.g. cells, sub-cellular complexes of cellular building blocks or
components. The biological analytes are preferably selected from cells (e.g.
mammalian cells, plant cells, algal cells, microbial cells, yeast cells), primary B-cells, T-
cells, hybridomas, microorganisms, viruses, bacteria, or prions, cell organelles (e.q. cell
nuclei, mitochondria) or exosomes, more preferably from B-cells, T-cells, hybridomas

and microorganisms, and still more preferably from hybridomas and microorganisms.
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When the biological analyte is a cell, the cell is preferably selected from mammalian
cells, plant cells, algal cells, microbial cells, more preferably from mammalian cells and
microbial cells and still more preferably from mammalian cells. Preferably molecules
are produced in, excreted or secreted from the cells, e.g. molecules are excreted or
secreted from the cells. When the biological analyte is a cell organelle, the cell
organelle is preferably selected from cell nuclei and mitochondria.

In a further group of emulsions of the invention comprising a plurality of droplets
wherein at least some of the droplets comprise one or more analytes, the analytes are
assay components which are preferably selected from beads, nanoparticles, crystals,
micelles, quantum dots, detection reagents, antibodies, enzyme co-factors, nucleic acid
amplification reagents, oligonucleotide sequencing reagents, cell transformation
reagents, cell transduction mixtures and genome editing reagents. More preferably the
assay components are selected from beads, detection reagents, nucleic acid
amplification reagents and genome editing reagents, still more preferably detection
reagents.

When at least some of the droplets contain a living entity, e.g. cell or bacterium,
the aqueous phase preferably comprises a culture or growth medium. Any conventional
medium may be used. The medium may, for example, comprise glucose, vitamins,
amino acids, proteins, salts, pH indicators and density matching reagents, e.g. Ficoll.
Sufficient medium must be provided to keep the entity alive for the duration of the
analysis, reaction or other process of interest, e.g. sorting in a microfluidic device.

The present invention also relates to a method of preparing an emulsion as
hereinbefore described, comprising:

(i) preparing an aqueous phase;

(i) preparing an oil phase; and

(i) mixing the aqueous phase, the oil phase and a surfactant as hereinbefore
described to form the emulsion.

In one group of preferred methods of preparing an emulsion the surfactant is
mixed with (e.g. dissolved in) the oil phase prior to mixing with said aqueous phase.
Preferably, the surfactant is dissolved in the oil phase at a concentration of 0.001%
(w/w) to 20% (w/w), more preferably 0.1% (w/w) to 10% (w/w) and still more preferably
0.5% (wiw) to 5% (w/w). Preferably, the aqueous phase comprises at least one
analyte. In some preferred methods the oil phase may be a solution of the surfactant in
a fluorous solvent. In other words, the surfactant may be dissolved in a fluorous solvent
to give the oil phase.

In alternative preferred methods of preparing an emulsion the surfactant is

mixed with (e.g. dissolved in) the aqueous phase prior to mixing with the oil phase.
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In further preferred methods of preparing an emulsion the surfactant is mixed
with (e.g. dissolved in) the aqueous phase and is separately mixed with (e.g. dissolved
in) the oil phase prior to mixing of the aqueous phase with the oil phase. Any
conventional mixing method may be used, e.g. T-junction, step emulsification, flow
focus junction etc.

In preferred methods of preparing an emulsion as hereinbefore described the
mixing is by a flow focus junction of a microfluidic device, e.g. a microfluidic device as
disclosed in W02012/022976 and W02015/015199. This is advantageous because it
enables very small aqueous phases, e.g. microdroplets, to be produced, with volumes
typically in the order of picolitres or nanoliters.

Further preferred features of the method of preparing an emulsion are the same
as the preferred features of the emulsion described above. Thus preferably the
emulsion, the aqueous phase and the oil phase are as defined above in relation to the
emulsion.

Experiments, assays, reactions and processes may be carried out in the
emulsions of the present invention. The discontinuous aqueous phase of the emulsion,
e.g. aqueous droplets, may serve as the site for the experiments, assays, reactions
and processes. The surfactants of the present invention stabilise the emulsion, e.g. a
discontinuous aqueous phase in an oil phase, allowing the experiment, assay, reaction
or process to be carried out in the emulsion. The experiment, assay, reaction or
process may therefore be carried out without the discontinuous aqueous phase, e.g.
aqueous droplets, coalescing. The experiment, assay, reaction or process may involve
one or more analytes present in the aqueous phase of the emulsion. Thus a method of
performing one or more experiments, assays, reactions and processes within an
emulsion, e.g. within the discontinuous aqueous phase (preferably aqueous droplets)
of an emulsion as hereinbefore described forms another aspect of the present
invention. The experiments, assays, reactions and processes carried out in the
emulsions of the present invention may be carried out in a microfluidic channel or in a
microfluidic device, e.g. the experiments, assays, reactions and processes may be
carried out in one or more channels of a microfluidic device.

The present invention thus also relates to a method of performing one or more
chemical and/or biological reactions, and/or biological processes in the discontinuous
aqueous phase of an emulsion as hereinbefore described.

In one aspect the method of performing one or more chemical and/or biological
reactions, and/or biological processes in the discontinuous aqueous phase of an
emulsion as hereinbefore described is preferably a method of performing one or more

chemical and/or biological reactions. The chemical and/or biological reaction may be
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an enzymatic reaction. Alternatively, the chemical and/or biological reaction is a
molecular binding, molecular interaction, cellular interaction or conformational change
resulting in a measurable signal. Preferably the chemical and/or biological reaction is
an enzyme reaction, a molecular binding or a molecular/cellular interaction.

In another aspect the method of performing one or more chemical and/or
biological reactions, and/or biological processes in the discontinuous aqueous phase of
an emulsion as hereinbefore described is preferably a method of performing one or
more biological processes. The biological process may be antibody secretion or
enzyme secretion by cells, or enzyme production inside cells. Alternatively, the
biological process is antibody binding. In alternative methods the biological process
may be a nucleic acid amplification process, partial or full nucleic acid replication
process or nucleic acid transcription process. Alternatively, the biological process may
be cell proliferation, cell metabolism, cell transfection, cell transduction, cell signalling,
cell apoptosis or cell death. Preferably the biological process is PCR. The process
used could be for digital PCR.

The present invention thus also relates to a method of performing one or more
drug screening tests against cells, molecules or cell constituents in the discontinuous
aqueous phase of an emulsion as hereinbefore described.

In another aspect of the method of performing one or more biological processes
the biological process may be a genome editing process. The biological process may
be sample preparation, e.g. oligonucleotide sample preparation process for
sequencing. The biological process may be nucleic acid sequencing. The molecules
being sequenced could be RNA or DNA and the sequencing could be at the genomic,
epigenomic or transcriptomic level.

The method of performing one or more chemical and/or biological reactions,
and/or biological processes in the discontinuous aqueous phase of an emulsion as
hereinbefore described may comprise one or more chemical reactions, one or more
biological reactions, one or more biological processes or a mixture thereof. Preferred
chemical and/or biological reactions, and/or biological processes are as described
above.

Preferably, the method of performing one or more chemical and/or biological
reactions, and/or biological processes in the discontinuous aqueous phase of an
emulsion as hereinbefore described is carried out in a microfluidic channel or
microfluidic device. This enables chemical and/or biological reactions and/or biological
processes to be performed on a very small scale, e.g. in microdroplets, and so very
little material, e.g. biological material, is required. The microfluidic channel or device is

preferably controlled by an automated device and software.
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Preferably, the method of performing one or more chemical and/or biological
reactions, and/or biological processes in the discontinuous aqueous phase of an
emulsion as hereinbefore described is carried out under thermal, pH or environmental
cycling conditions.

The surfactants and emulsions of the present invention have many useful
applications. They particularly have many potential uses in microfluidics applications.
For example, the surfactants and/or emulsions hereinbefore defined may be used in
methods of sorting droplets, coalescing droplets or introducing fluid into a droplet. The
surfactants and/or emulsions may also be used in methods of extracting a protein from
a fluid. These methods are preferably carried in a microfluidic device.

The methods of the invention described herein (e.g. method of preparing an
emulsion, method comprising performing one or more chemical and/or biological
reactions, and/or biological processes in the discontinuous phase of an emulsion,
method for sorting droplets in a microfluidic device, method of coalescing droplets in a
microfluidic device, method of introducing a fluid into a droplet in a microfluidic device,
method of splitting droplets in a microfluidic device, method of extracting a molecule
from a fluid) may be carried out simultaneously or sequentially (e.g. sequentially) in any
combination and order. The carrying out of two or more methods of the invention may
be known as a workflow of functions.

A preferred workflow of functions comprises the steps of:

() preparing an emulsion as hereinbefore defined, comprising a) preparing an
aqueous phase, b) preparing an oil phase, and ¢) mixing said aqueous phase, said oll
phase and a surfactant as hereinbefore defined to form said emulsion in a microfluidic
device, wherein the aqueous phase contains cells (e.g. mammalian cells, plant cells,
algal cells, yeast cells, hybridomas, microorganisms), cell organelles (e.g. cell nuclei,
mitochondria), viruses, or prions in a biological media; the oil phase consists of a
fluorous solvents as hereinbefore defined and a surfactant as hereinbefore defined; the
resultant emulsion comprises a plurality of droplets, and each droplet contains
maximum one cell (e.g. mammalian cells, plant cells, algal cells, yeast cells,
hybridomas, microorganisms), cell organelle (e.g. cell nuclei, mitochondria), virus, or
prion;

(i) performing a first biological process as hereinbefore defined inside the said
droplets from step (i), wherein the biological processes are cell proliferation, antibody
production by cells, antibody secretion by cells, genome editing of cells, enzyme
secretion by cells, enzyme production in cells and enzyme reaction;

(iii) sorting droplets as hereinbefore defined in a microfluidic device, comprising

a) providing a stream of said aqueous droplets from step (ii) in an emulsion as
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hereinbefore defined in a channel of the microfluidic device; illuminating the stream
from a first direction; detecting light from analytes within the droplets in a second
direction, wherein detecting light is a scattered light or a fluorescence from analytes;
sorting the droplets into one of a plurality of differentiated streams responsive to the
detected light or a measurable signal,

(iv) optionally introducing a fluid into the said sorted droplets from step (iii) as
hereinbefore defined in a microfluidic device, wherein the fluid comprises at least one
biological molecule, wherein the biological molecule is selected from small molecules,
proteins, enzymes, peptides, amino acids, polysaccharides, oligosaccharides,
disaccharides, monosaccharides, nucleic acids, oligonucleotides, nucleotides,
cofactors, and cell lysing reagents;

(v) optionally performing a second biological process as hereinbefore defined
inside the said droplets from step (iv), wherein the said biological processes are cell
lysis and an enzyme reaction, wherein the said enzyme is secreted by the said cell or
produced inside the said cell in step (ii), and the said enzyme reaction is to convert a
said biological molecule in step (iv) into its corresponding products;

(vi) optionally quenching the said enzyme reaction in step (v) by a) treating the
said droplets from step (v) at an elevated temperature for a certain period of time,
wherein the temperature is from 50°C to 98°C, and the period of time is from 10
seconds to 1 hour; b) introducing a fluid into the said droplets from step (v) as
hereinbefore defined in a microfluidic device, wherein the fluid comprises an acid, an
alkaline, or an enzyme inhibitor, ¢) storing the said droplets from step (v) at a
temperature from 4°C to 10°C;

(vii) splitting droplets from step (iii) or (vi) as hereinbefore defined in a
microfluidic device comprising a) providing droplets from step (iii) or (vi) in a first
microfluidic channel of a microfluidic junctions comprising three microfluidic channels
on the microfluidic device, and passing the aqueous droplet through the microfluidic
junction, thereby splitting the said droplet into two daughter droplets, the first daughter
droplet in the second microfluidic channel and the second daughter droplet in the third
microfluidic channel;

(viii) analysing the product molecule produced from the said enzyme reaction in
step (iii) or (v) inside the first daughter droplet using mass spectrometry (MS) method
after evaporating and ionizing the contents of the first daughter droplet via a
microfluidic electrospray ionization (i.e. ESI) emitter;

(ix) sorting the corresponding second daughter droplet in a microfluidic device

responsive to MS analysis results in step (viii).
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BRIEF DESCRIPTION OF FIGURES

These and other aspects of the invention will now be further described, by way
of example only, with reference to the accompanying figures in which:

Figure 1 shows a fluorescence microscopy image of a control emulsion
comprising the non-ionic surfactant Pico-Surf™:

Figure 2 shows a fluorescence microscopy image of an emulsion comprising a
zwitterionic surfactant of the present invention;

Figure 3 shows a fluorescence microscopy image of an emulsion comprising a
zwitterionic surfactant of the present invention;

Figure 4 shows a fluorescence microscopy image of a control emulsion
comprising the polyanionic additive PSS (0.5%) in addition to the non-ionic surfactant Pico-
Surf™

Figure 5 shows a fluorescence microscopy image of an emulsion comprising a
zwitterionic surfactant of the present invention in addition to the polyanionic additive PSS
(0.5%);

Figure 6 shows a fluorescence microscopy image of a control emulsion
comprising the non-ionic surfactant Pico-Surf™: and

Figure 7 shows a fluorescence microscopy image of an emulsion comprising a
cationic surfactant of the present invention in addition to the polyanionic additive PSS
(0.5%).

EXAMPLES

All starting materials and solvents used were commercially available.

1. Synthesis of N-(4-[1-carboxymethylpyridin-1-ium inner saltmethyl) Krytox amide
(C)]

[ L
CE o) XN
F HoN
F/(C )\ )j\ - . F/( 7 )\c Cl 2 /U
F2 n | &
CF3 CFs

@

5y )L
fo %CH A@ e A % AOV

®

Synthesis of Krytox Acyl Chloride (2)
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In a 1 litre round bottom flask fitted with a magnetic stirrer bar and a 50 mL dropping
funnel fitted with a septum, 385.76 grams (172.8 mmol) of Krytox 157 FS(L)(1) was
degassed by applying vacuum and replaced with nitrogen three times. Dry Novec 7100
(stored over anhydrous Na,SO,, 320 mL) was injected with a syringe into the dropping
funnel and emptied into the flask in 50 mL aliquots. Once all Krytox was dissolved up
into a homogenous solution, 45 mL of oxalyl chloride (524.7 mmol) was syringed into
the dropping funnel and slowly added over 10 minutes. Finally, 100 uL of anhydrous
DMF was added by syringe directly into the reaction mixture. The resultant mixture was
stirred at room temperature overnight, decanted into a clean 1 litre round bottom flask,
concentrated at 40°C and 270 mbar on a rotary-evaporator, and further dried on at
50°C at 0-5 mbar for 30 minutes yielding krytox acyl chloride (2) as a clear oil (387.44
grams, 99.6%). IR (cm™): 1808 (sm).

Synthesis of N-(4-Pyridiniummethyl) Krytox amide (3)

To a stirred solution of 4-(aminomethyl)pyridine (21.475g, 20.11 mL, 198.6mmol) in
anhydrous THF (30 mL), at 50° C under nitrogen, was added solution of krytox acid
chloride (2, 66.11 g, 28,37 mmol) in Novel 7500 (70 mL) dropwise from a dropping
funnel. Then stirred at 50° C under nitrogen for 48 hours and cooled to RT. The
reaction was filtered to remove a dark red coloured solid and washed with a little Novec
7500 (25 mL). The filtrate was stirred with methanol (75 ml) and then the the two
phases were separated and the bottom fluorous layer was collected. The fluorous layer
was then washed with methanol (3 x 50 mL) each time retaining the bottom fluorous
layer. The fluorous layer was then evaporated to dryness in vacuo to yield (3) as a pale
yellow oil (58.70g, 86.1%). IR (cm™): 1709.5 (sm). '"H NMR (400 MHz, 5% CsD:. in
FC72 ;vol:vol): 9.90 (1H, bs, NH), 8.194 (2H, d, pyridyl-Ha), 7.018 (2H, bs, pyridyl-Hb),
4.51 (1H, bd, benzylic CH,), 4.395 (1H, bd, benzylic CH,).

Synthesis of N-(4-[1-carboxymethylpyridin-1-ium inner saltimethyl) Krytox amide (4)

The pale yellow oil of N-(4-Pyridiniummethyl) Krytox amide (3, 11.074 g, 4.609 mmol)
was dissolved in Novec™ 7500 (25.0 mL), and warmed to 35° C. On addition of the
solution of iodoacetic acid (1.071 g, 5.671 mmol) and Hlnig's base (1.054 mL, 6.049
mmol) in THF, the solution went from yellow to pale green. The reaction temperature
was ramped up to 65° C, and maintained at this temperature overnight. The reaction
mixture was concentrated in vacuo to remove THF, and the remaining washed with a
mixture of methanol (30 mL) and DCM (30 mL). The bottom layer was separated off,
washed with 15% methanol/DCM (30 mL) 6 times followed with pure DCM (40 mL) 2
times, and dried in vacuo to give dark oil (4, 8.929 g, 78.7%). IR (cm™): 1731.4. ). "H

55



WO 2019/106366 PCT/GB2018/053452

NMR (400 MHz, 5% CgD+, in FC72 ;vol:vol): 9.406 (1H, bs, NH), 8.253 (2H, bs, pyridyl-
Ha), 7.054 (2H, bs, pyridyl-Ha), 5.0-4.0 (4H, bd, benzylic CH, and CH, of inner salt).

2. Synthesis of N-(4-[1-(y-methoxy PEG-pyridin-1-ium bromide]methyl) Krytox
5 amide (5)

£, % 0 A % AOM .

3 5)

To a stirred solution of O-[1-bromo-2-ethyl]-O’-methyl-polyethylene glycol (3.767g,
4.442 mmol) in THF under nitrogen at heating block temperature of 60° C, was added a

10 solution of N-(4-Pyridiniummethyl) Krytox amide (3, 9.606 g, 3.998 mmol) in Novec™
7500 (30 mL) from a dropping funnel dropwise over 30 minutes. The reaction
temperature was ramped up to 80° C, and maintained at this temperature for 2 days.
The reaction mixture was concentrated in vacuo to remove THF, and the remaining
washed with a mixture of methanol (25 mL). The bottom layer was separated off,

15 washed with methanol (25 mL) 6 times, and dried in vacuo to give dark oil (5, 5.595 g).
IR (cm™): 1716.5. '"H NMR (400 MHz, 5% CgD1, in FC72 :vol:vol): 10.366 (1H, bs, NH),
9.296 (2H, bs, pyridyl Ha), 8.103 (2H, bs, pyridyl Ha), 4.295 (2H, bs, pyridyl N4- CH,),
4.093 (2H, bm, benzylic CH,), 3.53 (31.0H, CH,-(OCH,CH,)s s0Me).

20 3. Synthesis of N-[3-(Trimethylammonium iodide)propyl] Krytox amide (7)

CF;
F —_— NHQ(CHQ)sN(CHs) ‘
CF3

(M
c|:F3 0
CR_ O )k CR )k
F/< 7 >\E O o /< >\ g
ooh H |
CF3
©) ()

Svynthesis of N-[3-(Dimethylamino)propyl] Krytox amide (6)
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To a stirred solution of 3-(dimethylamino)-1-propylamine (50.61 g, 62.3 mL, 495 mmol) in
anhydrous THF (60 mL), ), at 50° C under nitrogen, was added a solution of krytox acid
chloride (2, 192.39 g, 82.55 mmol) in Novec 7500 (203 mL) dropwise over 1 H, via
canula. After stirring the mixture at 50° C under nitrogen for 48 hours the mixture was
cooled to RT and a yellow solid removed by filtration and washed with Novec 7500
(30ml). The filtrate was stirred with methanol (4 x 100 mL), each time the bottom
flouorous phase was separated in a separating funnel. The fluorous layer was then
evaporated to dryness in vacuo to yield (6) as a pale yellow oil (189.7g, 95.9%). IR (cm’
"): 2955.5 (bw), 2832.0 (bw), 1729.6 (sm). '"H NMR (400 MHz, 5% CgD:, in FC72
;vol:vol): 9.506 (1H, bs, NH), 3.493(2H, m, CONHCH,), 2.488 (2H, t, CH,-NMe,), 2.246
(6H, s, NMe,), 1.692 (2H, m, CH,-CH,NMey,).

Synthesis of N-[3-(Trimethylammonium iodide)propyl] Krytox amide (7)

To a stirred solution of N-[3-(Dimethylamino)propyl] Krytox amide (6, 8.05 g, 3.36 mmol)
in Novec 7100 (16.0 mL) and anhydrous acetonitrile, at 40° C under nitrogen, was added
methyl iodide (0.42 mL, 6.72 mmol) via syringe. Immediately the solution went clear, then
block temperature was raised to 50° C and stirred for 60 H. After cooling the solution to RT
the solution was evaporated to dryness to thick pale yellow oil (8.73 g, 98.2%). IR (cm™):
1705.2 cm-". "H NMR (400 MHz, 5% CsD1, in FC72 ;vol:vol): 9.575 (1H, bs, NH), 3.667
(4H, bs, CH,-N*Me; and NH-CH,), 3.349 (9H, bs, N*Me,).

4. Synthesis of N-[3-Dimethyl-3-carboxymethyl ammonium inner salt)propyl]

Krytox amide (8)
)]\ /k\)\w/\
H

/< >\ )I\ ,k\)\ ~ ICH,COOH /< >\

®) 8)

To a stirred solution of N-[3-(Dimethylamino)propyl] Krytox amide (6, 12.74 g, 5.32 mmol)
in Novec 7100 (25.0 mL), at RT under nitrogen, was added a solution of iodoacetic acid
(1.44q, 7.72 mmol) in anhydrous THF (20.0 mL, plus 5.0 ml wash) to which had been
added Hunig’s base (1.39 mL, 7.98 mmol) via syringe. Then raise the block temperature
to 35° C. After 20 H the reaction was cooled to RT and filtered and the filtrate evaporated
to dryness. The resultin oil was dissolved in Novec 7500 (25 mL) and washed with
methanol (3 x 25 mL) each time carefully separating off the lower fluorous layer. The
resulting fluorous layer was evaporated to dryness in vacuo to give (8, 11.54 g, 88.4%). IR
(cm™): 1754.7 (w), 1709.7 (m). 1623.2 (m). . 'H NMR (400 MHz, 5% C¢D+, in FC72
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vol:vol): 10.169 (1H, s, NH), 5.0-3.0 (6H, bm, NHCH,, CH,-N+Me2 and CH,-CO,),
2.342 (2H, bs, CHo-CHa-CHy).

5. Synthesis of N-[3-Dimethyl-3-y-methoxy-PEG ammonium iodide)propyl] Krytox
amide (9)

/{ )\)J\ /k\)\ " _BHCHCHO)CHs _ /{ >\ )J\H /(/\);I?\F\/e\/oi\

®) ©

To a stirred solution of N-[3-(Dimethylamino)propyl] Krytox amide (6, 3.92 g, 1.64 mmol)
in Novec 7100 (8.0 mL), at RT under nitrogen, was added a solution of O-[1-bromo-2-
ethyl]-O’-methyl-polyethylene glycol (2.79g, 2.45 mmol) in anhydrous acetonitrile (8.0 mL,
plus 1.5 mL wash) and the block temperature set to 50° C. After 60 H the reaction was
cooled to RT and the top layer was carefully removed with a Pasteur pipette. The solution
was evaporated to dryness and redissolved in Novec 7500 (10 mL) and was stirred with
methanol (2 x 15 mL). Each time the two layers were separated and the bottom fluorous
layer was washed with methanol. The resulting fluorous layer was evaporated to dryness
in vacuo to give (9, 3.32 g, 58.9%) as an orange oil. IR (cm™): 1693.4.

6. Synthesis of N-[3-Dimethyl-3-(1-hydroxypropyl} ammonium iodide)propyl]
Krytox amide (10)

c|:F3 o
CR O )]\ )J\ I-
F ICH,CH,CH OH
F/{ \C/ >\C N/(/\)?N/ 2LHLHy /{ )\ /(/\)\ ;
oo ] H |
CF3

® (10)

To a solution of N-[3-(Dimethylamino)propyl] Krytox amide (6, 10.425 g, 4.351 mmol) in
Novec 7100 (12.0 mL) and THF (12.0 mL), was added a solution of 3-iodo-1-propanol (1 g,
5.376 mmol) in THF (6.0 mL). The dark brown solution went lighter on addition and was
stirred overnight under nitrogen with the heating block temperature set to 35° C. The
reaction mixture was evaporated to dryness, the residue re-dissolved in Novec™ 7500 (25
mL) and methanol (25 mL), and the solution stirred on a rotary evaporator at 50° C for 5
minutes. This was repeated for another 3 times, and evaporated to dryness (10, 7.141 g,
66.86%) as an orange oil orange oil. IR (cm™): 1712.3. '"H NMR (400 MHz, 5% CgD; in
FC72 ;vol:vol): 10.404 (1H, bs, NH, 4.0-3.7 (4H, bs, NHCH, and CH,0), 3.7-3.1 (10H,
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bs, -CH,N*Me,CH,), 2.5-2.0 (4H, bs, CH,CH,CH,NMe,*CH.CH,CH,OH), 1.694 (1H,
bs, OH).

7. Synthesis of Ammonium salt of Krytox (11)
4 e )k . 4 e )k
CF3 CF3

an
Krytox (50.00 grams, 21.63 mmol) was placed in a 250 mL round bottom flask fitted with

magnetic stirrer bar and septum. The flask was degassed by applying vacuum and refilled
with nitrogen 3 times. Novec 7100 (70 mL) was added by syringe to dissolve Krytox,
followed by 7 molar ammonia in methanol (20 mL) by syringe. The reaction was stirred at
room temperature for three days. The solvent was evaporated under vacuum to leave an

amber coloured waxy residue of (11).

8. Synthesis of quaternary ammonium salt (13)

H
N NH, \ / L~
H2N/\/ \/\H/\/ —>CH3I \yl\r/\/ll\l\/\rlr/\/ll\l\

(12) .

Anhydrous tetrahydrofuran (15 mL) was placed in a 20 mL vial and fitted with a stirrer bar.
Triethylenetetramine (12, 0.989 g, 6.76 mmol) was added, followed by iodomethane (4.00
g, 28.18 mmol) at room temperature, upon which a precipitate formed. The reaction was
stirred for 3 hours at room temperature and then evaporated to dryness to give quaternary

ammonium salt (13).

9. Synthesis of quaternary ammonium salt (15)

, N
N CHl \'+/\/'O
H2N/\/© ’ /T !

(14

(15)

Anhydrous tetrahydrofuran (15 mL) was placed in a 20 mL vial and fitted with a stirrer bar.
1-(2-Aminoethyl)piperidine (1.770 g, 13.81 mmol) was added, followed by iodomethane
(4.00 g, 28.18 mmol) at room temperature, upon which a precipitate formed. The reaction
was stirred for 3 hours at room temperature and then evaporated to dryness to give

quaternary ammonium salt (15).
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10. Synthesis of quaternary ammonium salt (17)

NH, H !
H SN /\>N+\/\l' -~
N CHjl & - 1
HzN/\/ \/\NH2 ~ | |\
(16) 7
Anhydrous tetrahydrofuran (15 mL) was placed in a 20 mL vial and fitted with a stirrer bar.

Tris(2-aminoethyl)amine (0.989 g, 6.76 mmol) was added, followed by iodomethane (4.00

5 g, 28.18 mmol) at room temperature, upon which a precipitate formed. The reaction was

stirred for 3 hours at room temperature and then evaporated to dryness to give quaternary
ammonium salt (17).

11. Proposed synthesis of cationic triblock surfactant (18)

c
,{ %)I\ *\)\ - Br(CHZCH 0),CH,CH,Br /{

<e>
10 (18)

Fa o] o] C|3F3
}z)kumﬁw\/%/\avmmiz&"\«“%
SN VAN /N\ AR

CF3

12. Proposed synthesis of zwitterionic diblock polymeric surfactant (23), (24) and

(25)
/(/\/o\)\ Cystein _ Hy OOCY\ N

(19)

(20)

o
| o )J\ 20)
CF o. NaBH O 10;"Py CF, Q. -
E 4 E Bl E
F’{ e >\(|: _ZnCl, ’{ >\(|3/\OH of PCC F’{ N >\c H RI
¢

@210 (22)
COOH

CFy
% %F/\ N AN RSO

Fa (23) CFy

CF, CoO o o
(l:F o) \\s//
o A hd %l/\/\ T

CFy

15 (25)

13. Proposed synthesis of zwitterionic triblock polymeric surfactant (26), (27) and

(28)
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CF3 COOH COOH CF;
_ @ CR__0 /K/s s\)\ /<o CF,
22
@ —— /< (Flz/\H \$/\o/)b/\/ H/\(T: \g/ e
" 2
CF3 26) CF3
CF3
|
F N +/k/ \/k)r/\F/(\/CF
CH3I /< >n\| N V\ W N |
CF3 @n CF;

COO™ o o) CF3

CF3 o o
| \/ \/
S F/<CF\E/ O>H\E/\N+/k/ ng/\o»f\/sy\w/\# ~ /CF;

L /N b

CF; 28) CF;

14. Proposed synthesis of anionic surfactant (29) and (30)

o
|/O
/< >\F/\ _PoCl, /< >\F/\O/P\o
CF3
(21) 29)

N=\
cat. DMAP or |§/NBu

| -

CF, O P. O
DMF EtNO, F/< \C/ >\(F3/\O/ \0/6\/ ﬁ\
HO(CH,CH,0),CH; F. n @
azeotopic reflux CF3

15. Proposed synthesis of anionic triblock polymeric surfactant (31)

N =\ O Na+ CF3
cat. DMAP or |§/NBu

29) - F!/ © o o ch & F
DMF-ENO, /< )\F/\o/ \OW %\ < N N \E>/
CF3

HO(CH,CH,0),H |
azeotopic reflux Na* CF3

@GN

10 16. Proposed synthesis of anionic 3-armed star polymeric surfactant (35)
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OCHs

X o OCHj dlmethylmalonate

(32) OCH; (34)
(33)
CF3 O Na*
(|3F 0] Ilil’/o- O
N~ NN TN \/3\ ~
29) F C 0] ®) O
(—, Fo h |
N#= CF3
cat. DMAP or |§/NBu CF, o
DMF-EtNO, o)
azeotopic reflux (ljF\ /O F N /P<
F C [ C 0] 2
F2 [ Na*
CFy (39)

17. Proposed synthesis of anionic 4-armed star polymeric surfactant (38)

o’f\/ Oi\ O/(\/Oi\

HaC NaBH " OH
al
o NaOMe OCH,4 4
X /, "OCH,4 trimethyl citrate

H,CO o) HO

(37)

£ \ )/ NP ~p / F
(29) \< N /O\/CF /C\Fa":
CF3 O Na

=\
cat. DMAP or LINBu O Na* CF
DMF-EtNO, CFs Q

azeotopic reflux (l:F o Fl,/
O N
b

| (38)

18. Droplet generation:

In order to generate droplets with volumes between 300-400pL, fluorous oil containing
0.5% (w/w) of one of the surfactants of the invention was used as the continuous carrier oil
phase, whilst a PBS solution with various additives was used as the dispersed aqueous
10 phase. The two phases were infused using a Cetoni GmbH syringe pump connected via
polythene tubing (ID: 0.38mm) to a PDMS microfluidic chip, containing a single flow-
focusing nozzle (nozzle dimensions: 60 x 60 um). Typical flow rates ranged between 1700
— 2500 pl/hr for the fluorous phases and were kept constant at 600 ul/hr for aqueous
phases. Droplets were collected for 6 minutes in each case, generating ~60uL of emulsion.
15

19. Resorufin leakage test:

To investigate the ability of the surfactants of the present invention to circumvent
the issue of inter-droplet molecular exchange, Resuorufin (sodium salt; 10uM) was added
to the aqueous phase, and droplets were generated as described in step 18. The positive

20 emulsions (with Resorufin) were carefully pipetted into an Eppendorf tube containing the
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corresponding negative emulsions (without Resorufin). The tube was rotated slowly in
order to fully mix the emulsions, and left to stand at room temperature overnight. The
droplets were then imaged using fluorescence microscopy. Control emulsion samples
were also made using phosphate buffered saline (PBS) without additives and a non-ionic
surfactant Pico-Surf™ (Sphere Fluidics Limited).

The results for the comparative emulsion are shown in Figure 1 wherein the
droplets are uniformly bright indicating resorufin leakage and equilibration across the
droplets.

The results for zwitterionic surfactants (4 and 8) are shown in Figures 2 and 3.
The for zwitterionic surfactants (4 and 8) showed the capability to stabilize the emulsion of
PBS as the aqueous phase, and reduced inter-droplet molecular exchange of resorufin
compared to the control emulsion sample stabilized by Pico-Surf™. | as shown by
fluorescent microscopy that Image 2 of emulsion stabilized by zwitterionic surfactant 4 and
Image 3 of emulsion stabilized by zwitterionic surfactant 8.

Addition of the polyanionic additive PSS (0.5%) had little or no positive benefit
with the non-ionic surfactant Pico-Surf™ (Sphere Fluidics Limited) - see the fluorescent
image in Figure 4. Again, the picodroplets are almost uniformly bright, indicating significant
inter-droplet molecular exchange of resorufin. In contrast, with the addition of the
polyanionic additive PSS (0.5%), the zwitterionic surfactant (4) still exhibited the presence

of two populations of droplets - see Figure 5.

Cationic surfactant (9) was tested by the same methodology. Cationic surfactant
(9) also showed the capability to stabilize the emulsion of PBS as the aqueous phase, and
reduced inter-droplet molecular exchange of resorufin when compared with the control
emulsion sample stabilized by Pico-Surf. This is clear by comparing the fluorescent
images in Figures 6 (comparative surfactant not containing polyanionic polymer additive
PSS (0.5%) and Figrue 7 (cationic surfactant (9) containing polyanionic polymer additive
PSS (0.5%)).
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CLAIMS:
1. A surfactant of formula (I):

A-(L1)a-(CH2)p-(L2)c-X ()]
wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;

b is O or an integer between 1 and 10;

L, is a linking group;

cisOor1; and

X is a charged group.

2. A surfactant as claimed in claim 1, wherein said perfluoropolyether comprises a

repeat unit of the formula —[CF(CF;)CF.O]n-, wherein m is a positive integer.
3. A surfactant as claimed in claim 1 or 2, wherein said perfluoropolyether
comprises a unit of the formula —[CF,CF,0],-[CF(CF;)CF,0O]n-, wherein m and n are

each O or a positive integer, with the proviso that m and n are not both 0.

4. A surfactant as claimed in claim 2 or 3, wherein A is CF3;CF.CF,0O-
[CF(CF3)CF,0]-CF(CF3)-, wherein m is a positive integer.

5. A surfactant as claimed in any one of claims 2 to 4, wherein m is an integer
from 1 to 100.

6. A surfactant as claimed in any one of claims 1 to 5, wherein a is 0.

7. A surfactant as claimed in any one of claims 1 to 5, wherein ais 1 and L, is
CONH or CONCHea.

8. A surfactant as claimed in any one of claims 1 to 7, wherein b is an integer from

1 to 10, more preferably 2 to 3.

9. A surfactant as claimed in any one of claims 1 to 8, wherein c is 0.
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10. A surfactant as claimed in any one of claims 1 to 9, wherein X comprises a
positively charged group.

1. A surfactant as claimed in claim 10, wherein X is selected from:

jAJ’(\/V'\'V;/R?’ }:‘J X Aj\N/\

N* R r‘é
\ A =
Rl R | _ N+V\\f — U

wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;

R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and each e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;

R* is selected from C. alkyl; and

W is a counter ion.

12. A surfactant as claimed in claim 10, wherein X comprises a group selected
from:

Y\ An

y’xJ\VV/'I‘L r‘ﬁ ~ o N/+ W
/\ N F N\/__\/Nw-22 ;Y )

N
7
R4

R' RZ? |

N+W-
Z \é;
wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C. alkyl; and

W is a counter ion.

13. A surfactant as claimed in claim 10, wherein X is selected from:
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s"‘.(\VV'/Z :‘:r N

N* A’f N N+/Z é;‘ N/+ W
R1/ \R2 | _ Al \=/ \i}

\z /N
R4

Z

wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;
5 R* is selected from C.s alkyl

Z is an organic group; and

W is a counter ion.

14. A surfactant as claimed in claim 10, wherein Z is —(CH.)O(CH,CH,0)4(CH2)s-X-
10 (L2)e-(CH2)p-(L1)a-A, wherein r is a positive integer from 2 to 6, g is 0 or a positive
integer, s is 0 or a positive integer from 2 to 6, X is as defined in claim 12, and L,, L4, A,

¢, b and a are as defined in any one of claims 1 to 9.

15. A surfactant as claimed in any one of claims 1 to 10, wherein said surfactant is

15 selected from:
CF3
W
F30F2CF2CO/< >\/\ </\/
3
CF3
F3CF2CF2CO/é / >\
CF3
CF4 )L
F4CF,CF,CO >\ | / \
CF3 H
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CF3;

)L W
%T A3
CF3

CF3
O )J\
F
FgCFzCFzCO/< >m\T T N
CF;  H

CE. O
F
FiCF,CFcO0™\ ¢ >m\c N X
. |
CF

., H N* OH
Sty
3
(|3F3 0
e
F
F3CF2CF2CO/< ¢ >\C N N
F> m |
CFs

| N*—CHj
H -/ W

F3CF20F2CO</ >\ )J\
C
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F30F20F2CO/<C|: >\ )k | *\)\W/\/ 9\

F3CF,CF,CO

F3CF,CF,CO

c:F3
f O%FAN N
Lo

H

| w
H AN

Y
f %% & @J

F3CF2CF2CO/Q >\ /K

Fs

CF )L
F3CF,CF,CO /\O
| W-
H NZ
g W-

N+
B
c|:F3 0 7
CE. O )L
F
F3CFZCF2CO/< N >\c N
LT
CF;  H
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C|)F3 0O
CR O)\F)k
F4CF,CF,CO \g/ / cl; T*\)?N/\vv-/(\/o
2 N* g
CF;  H \\/
VV- +
[
C|)F3 O N
CFK, O )k )
F
F3CF2CF2CO/< N >\c N )
R |
CF; H
wherein
5 m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from

5 to 50 and particularly preferably an integer from 10 to 25,

e is 0 or a positive integer from 1 to 100, preferably 5 to 50 and still more preferably 10
to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
10 30.

16. A surfactant as claimed in any one of claims 1 to 9, wherein X comprises a

zwitterionic group.

15 17. A surfactant as claimed in claim 16, wherein X is selected from:

7
3‘< R
N+

/\

R> RS®

wherein
20 R® is selected from H and C,.¢ alkyl;
R®is an C.. alkyl group substituted by a COO™ or SO group; and
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R’ is selected from H, Cis alkyl, and (CH,)sO(CH.CH,O).R* wherein R* is
independently H or C,. alkyl, d is a positive integer from 2 to 6, and e is 0 or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30;

or

R® and R® are each independently selected from H and C+.¢ alkyl; and

R’ is (CH.)o(CHQ)(CH2)(H")4(CH2CH,0)R*wherein Q is a COO™ or SO group, H*is S
or SO,, each of o and p is 0 or an integer from 1 to 6 with the proviso that both of o and
p cannot be 0, g is 1 or 0, R*is independently H or C,¢ alkyl, and e is O or a positive

integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30.

18. A surfactant as claimed in claim 16, wherein X comprises a group selected

from:
§</N+}'1
R \R6
wherein

R® is selected from H and C1 alkyl; and

R® is an alkyl group substituted by a COO" or SO5™ group; or

).X< /(CHZ)O(CHQ)(CH2)p(HX)q'(CHZCHZO)g'(CHZ)s' %
N*

R5/ \R6
wherein
R® and R® are each independently selected from H and C+.s alkyl;
Qis a COO or SO;5 group;
H*is S or SO;;
each of o and p is O or an integer from 1 to 6, with the proviso that both of o and p
cannot be O;
qis1orQ;
g is 0 or a positive integer from 1 to 100; and

s is 0 or a positive integer from 2 to 6.

19. A surfactant as claimed in claim 16, wherein X is selected from:
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y‘iw/z
R5/ \R6
wherein
R® is selected from H and C,.¢ alkyl;
R® is an alkyl group substituted by a COO" or SO, group; and
Z is an organic group.

20. A surfactant as claimed in claim 19, wherein Z is —(CH.)O(CH,CH,0)4(CH2)s-X-
(L2)e-(CH2)p-(L1)a-A, wherein r is a positive integer from 2 to 6, g is 0 or a positive
integer, s is 0 or a positive integer from 2 to 6, X is as defined in claim 18, and L,, L4, A,

¢, b and a are as defined in any one of claims 1 to 9.

21. A surfactant as claimed in claim 16, wherein said surfactant is selected from:
C|)F3 0
CE 0 )L
F
F30F2CF2CO/< 7 >\C A b
R
Fs H
CFs3 O

| )L
C 0
FgCFzCFzCO/< F\F/ >n\C NMN’/(\/ i\
i | | / \—C00O

CF3 otele}
oSy
F +
FgCFgCFgCO/< >\C/\N \e/\oa/
m | H2 e
C

F3

CF3
F30F20F200/< >m\F|/\ /k/ \e/\oa/

CF;
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'o\\//o

I
CE 0 /k/s
F +
FgCFzCFgCO/< o >\C/\N Moa/
F> m | H> e
C

Fa

COO"

CF3
FgCF2CF2CO/< >\ | \\/<é/\ a/
CF

3

CF3

TF
CR /k/ \/k+ ,é CF>\
F F
FsCFQCFQCO</ >\ 7N \6/\ )/\/ AN \ < Docr.cr.crs
CFs CF3

coo
/K/S \/k ClF
F3CF2CF2COQ >\F/\/KJ\ \6/\ )/\/ +/\F|’€ ~c P OCF,CFACFs

CF3 CF3

COO g CF3

CFs
lF o) \\// / ch
F + F
FaCRCFco (. e c/\ﬁ )/\/ /\ OCF,CFCF3
Fa m | Hoy m
CF;

CF3

F3CF2CF2COQ >\F/\ +/\F \ / OCFQCFQCFg
CF3 CF

c|:|=3 0
CE _O o
F3CF20F200/< \cF:/ >m\cF: N*\)?N"N 3
2 i | / \ coo- /—coo-

3 H
N*—
N /d
CF3
F4CF,CF,CO
CF3

wherein
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m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from
5 to 50 and particularly preferably an integer from 10 to 25,

e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
30.

22. A surfactant as claimed in any one of claims 1 to 9, wherein X comprises a

negatively charged group.
23. A surfactant as claimed in claim 22, wherein X is selected from:

i (|)|

O
|
o e‘é\o/ T\O'W ;KO/

P

[ Sow
OR® oWt
wherein
R® is selected from H, Cis alkyl and (CH,)sO(CH.CH,O).R* wherein R* is
independently H or C4 alkyl, d is a positive integer from 1 to 6, and e is a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; and

W' is a counter ion.

24. A surfactant as claimed in claim 22, wherein X comprises a group selected

from:
O
A
o/ |\oV\F
o?
wherein

W' is a counter ion.

25. A surfactant as claimed in claim 22, wherein X is selected from:
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é&o/ T\O'VV+

wherein
Z is an organic group; and

W+ is a counter ion.

26. A surfactant as claimed in claim 25, wherein Z is selected from:
—(CH2)/O(CH2CH,0)g(CHz)s-X-(L2)e-(CH2)s-(L1)s-A; and
—~(CH2)CH.[(CH2){O(CH2CH0)gR™IW[(CH2)- X-(L2)-(CH2)o-(L1)a-Aly,

wherein

ris a positive integer from 2 to 6, t is a positive integer from 1106, uisOor 1, wandy
are each 1 or 2, the sum of u, w and y equals to 3, g is 0 or a positive integer, s is O or
a positive integer from 2 to 6, R* is independently H or Ci alkyl, X is as defined in

claim 24, and L, L, A, ¢, b and a are as defined in any one of claims 1to 9

27. A surfactant as claimed in claim 22, wherein said surfactant is selected from:

CF3
~ONE
FaCF,CF,CO T
CFy

CF3 o w
F
F3CF2CF2CO/< >\T/\O/

| O
P 0
\O/N 96\

CF,
CF3 o w
|5
F
F4CF,CF,CO C/\O/ o
| wW*
CF,
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CF3
[ ow o
F
F4CF,CF,CO /\ - \ o

CF3
CF
@)

3 O
|~
F
F4CF,CF,CO clz/\o/ orw
CF,

CFs 0
| AN
F3CFZCFZCO\<F _c ~ \/o\ 0
| N
CFs ow* o

CF P
F F
F3CFZCFZCO/< >\ N Sow o\ cr,
C
F
C|:/

CF3 F3CF,CF,CO F
CF3
CF3 ”
O w*
F
FgCF2CF2CO/< >\ " NI
CFs J o
CF3 | O J
CE O
F
F30F2CF2CO/< e >\T
2
CF;
wherein
5 m is preferably an integer from 1 to 100 (e.g. 1 to 50), more preferably an integer from

5 to 50 and particularly preferably an integer from 10 to 25,
e is 0 or a positive integer, more preferably a positive integer from 1 to 100, still more
preferably 5 to 50 and yet more preferably 10 to 30; and

g is 0 or a positive integer from 1-100, preferably 5 to 50 and still more preferably 10 to
10 30.
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28. A surfactant as claimed in any one of claims 1 to 9, wherein said surfactant is of

formula (1), wherein X is selected from:

/T\OW ;KO/ T\O_W
I8

wherein

R" and R? are independently selected from H and C..s alkyl, preferably methyl;

R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and each e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;

R* is selected from C.s alkyl;

R® is selected from H and C1 alkyl; R® is an C.s alkyl group substituted by a COO or
S0O;5 group; and R’ is selected from H, Ci alkyl, and (CH,)4O(CH,CH,0).R*, wherein
R* is independently H or C4 alkyl, d is a positive integer from 2 to 6, and e is 0 or a
positive integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; or

R® and R® are each independently selected from H and Cis alkyl: and R’ is
(CH2)o(CHQ)(CHa)p(H)o(CH2CH-0).R* wherein Q is a COO™ or SOz group, H*is S or
SO,; each of o and p is 0 or an integer from 1 to 6 with the proviso that both of o and p
cannot be 0, q is 1 or 0, R* is independently H or C, alkyl, and e is O or a positive

integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30;
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R® is selected from H, Cis alkyl and (CH,)sO(CH.CH,O).R* wherein R* is
independently H or C4 alkyl, d is a positive integer from 2 to 6, and e is a positive
integer from 1 to 100; preferably 5 to 50 and more preferably 10 to 30; and

W and W+ are counter ions.

29. A surfactant as claimed in any one of claims 1 to 9, wherein said surfactant is of

formula (1a),
A-(L1)a-(CH2)p-(L2)e-X-B-X-(L2)c-(CH2)p-(L1)a-A (la)

wherein:

A is a perfluoropolyether;

B is a polyalkylene oxide unit;

each L, is independently CONR)/, wherein R is selected from H and C/.¢ alkyl,
each ais independently O or 1,

each b is independently O or an integer between 1 and 6;

each L, is independently a linking group;

each cis independently 0 or 1; and

each X is independently selected from:

Y\ An

A SN, AN, L

+ N
R1/ N\R2 | eV \—/ Y /
F \jv N
R4

wherein
R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R* is selected from C.s alkyl;

R® is selected from H and C,.¢ alkyl;
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R® is an alkyl group substituted by a COO" or SO, group; and

W and W+ are counter ions.

30. A method for making a surfactant of formula (1),
A-(L1)a-(CH2)b(L2)e-X 0

wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

Xis

)Iv(\\r/\l\c/Ra ).rrf X fé\N/\w/R3

NG
R1/ \R2 | /N+W \—x/ i \i}

\R3 7 N
wherein
R" and R? are independently selected from H and C..s alkyl, preferably methyl;
R® is selected from C1.s alkyl and (CH,)¢O(CH,CH,0).R* wherein R*is H or Cy alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,
preferably 5 to 50 and more preferably 10 to 30;
R* is selected from C. alkyl; and

W is a counter ion.

comprising reacting a compound of formula (a): A-(L1)a-(CH2)p-(L2)e-X’ (Q)
wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

X is:
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#J\N/W yr“f f\N/\N Jé ="
T ) U Y

wherein
R" and R? are independently selected from H and C,.s alkyl, preferably methyl; and

R* is selected from C.s alkyl;

with R®-W, wherein
R® is selected from Cy. alkyl, and (CH.)¢O(CH,CH,0).R* wherein R*is H or C,.s alkyl,
d is a positive integer from 2 to 6, and e is 0 or a positive integer from 1 to 100,

preferably 5 to 50 and more preferably 10 to 30; or

with W—(CH,),O(CH,CH.0)4(CH,)s-W, wherein r is a positive integer from 2to 6, gis O
or a positive integer (e.g. 1 to 100), s is 0 or a positive integer from 2 to 6; and.

W is a leaving group

31. A method for making a surfactant of formula (1),
A-(L1)a-(CH2)b(L2)e-X 0

wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

Xis

ff\w/R? r‘y(\w/z
/ /

R® R® RS RS

wherein
R® is selected from H and C,.¢ alkyl;

R®is an C..s alkyl group substituted by a COO™ or SO;™ group:;
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R’ is selected from H, Cis alkyl and (CH,)O(CH.CH,O).R* wherein R* is
independently H or C,.¢ alkyl, d is a positive integer from 2 to 6, and e is 0 or a positive
integer from 1 to 100, preferably 5 to 50 and more preferably 10 to 30; and

Z is —(CH,)O(CH,CH,0)4(CH>)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a positive integer
from 2 to 6, g is O or a positive integer, s is 0 or a positive integer from 2 to 6, X is as

defined in claim 18, and L,, L4, A, ¢, b and a are as defined in any one of claims 110 9;

comprising reacting a compound of formula (a): A-(L1)a-(CH2)p-(L2)e-X’ (Q)
wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

X' is:
R’ z
r‘J’(\N/ fVYf\N/
. e
wherein

R® is selected from H and C1 alkyl; and

R’ is selected from H, C1¢ alkyl, (CH2)4O(CH,CH,0).R*, wherein R* is independently H
or Cy alkyl, d is a positive integer from 2 to 6, and e is O or a positive integer from 1 to
100, preferably 5 to 50 and more preferably 10 to 30;

Z is —(CH,)O(CH,CH,0)4(CH>)s-X-(L2)c-(CH2)b-(L1)a-A, wherein r is a positive integer
from 2 to 6, g is 0 or a positive integer, s is 0 or a positive integer from 2 to 6, X is as

defined in claim 18, and L,, L4, A, ¢, b and a are as defined in any one of claims 110 9;

with R®-W, wherein
R® is selected from a C1.s alkyl group substituted by a COOH or SO;H group; and

W is a leaving group.

32. A method for making a surfactant of formula (1):
A-(L1)a~(CH2)p-(L2)e-X ()]
wherein

A is a perfluoropolyether;
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L, is CONR, wherein R is selected from H and C . alky!;
aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group;

cisOor1; and

Xis
0] O 0]
| |
O\ o/|\ovv+ cTKO/|\O W
OR®
(IVa)
wherein

R® is selected from H, Cis alkyl and (CH,CH,0)R* wherein R* is independently H or
Cis alkyl and e is a positive integer from 1 to 100, preferably 5 to 50 and more
preferably 10 to 30;

Z is selected from —(CH,)O(CH,CH,0)g(CH2)s-X-(L2)e-(CH2)p-(L1)a-A  and  —
(CH)CH,[(CH2),O(CHCH20)gR W[(CH2)e-X-(L2)c-(CH2)p-(L1)a-Aly, wherein r is a
positive integer from 2 to 6, t is a positive integer from 1to 6, uisOor 1, wandyis 1 or
2, the sum of u, w and y equals to 3, g is O or a positive integer, s is 0 or a positive
integer from 2 to 6, R* is independently H or Cy alkyl, X is as defined in claim 24, and
L., Ly, A, ¢, b and a are as defined in any one of claims 1 to 9; and

W' is a counter ion.

comprising reacting a compound of formula A-(L:)a-(CH2)p-(L2)c-OH with POCI;,
followed by hydrolysis, wherein

A is a perfluoropolyether;

L, is CONR, wherein R is selected from H and C . alky!;

aisOor1;

b is O or an integer between 1 and 6;

L, is a linking group; and

cisOor1;

and optionally reacting the resulting compound with C,. alcohol or HO(CH,CH,0).R”,
HO-(CH,)O(CH.CH,0)4(CH,)s-OH or HO-(CH):CH,[(CH2)/O(CH.CH0)4R]w-[(CH2)r
OH],, wherein R* is independently H or C+. alkyl, r is a positive integer from 2 to 6, t is

a positive integer from 1 to 6, uis O or 1, wand y is 1 or 2, the sum of u, w and y
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equals to 3, s is 0 or a positive integer from 2 to 6 and e and g is a positive integer from

1 to 100, preferably 5 to 50 and more preferably 10 to 30.

33. A composition comprising a surfactant as claimed in any one of claims 1 to 29.

34. A composition as claimed in claim 33, wherein said composition further

comprises a multicharged compound or polymer.

35. A composition as claimed in claim 34, wherein said multicharged compound or

polymer is oppositely charged to said surfactant.

36. Use of a compound of formula (I) as defined in any one of claims 1 to 29 as a

surfactant.

37. Use of a surfactant as claimed in any one of claims 1 to 29 in the preparation of

an emulsion.

38. An emulsion comprising a surfactant as claimed in any one of claims 1 to 29.

39. An emulsion as claimed in claim 38, comprising:
a discontinuous aqueous phase;

a continuous oil phase.

40. A method of preparing an emulsion as claimed in claim 38 or claim 39
comprising:

(i) providing an aqueous phase;

(i) providing an oil phase; and

(i) mixing said aqueous phase, said oil phase and a surfactant as claimed in any

one of claims 1 to 29 to form said emulsion.

41. A method as claimed in claim 40, wherein said mixing is by a flow focus

junction, a T-junction or step emulsification nozzles of a microfluidic device.
42. A method comprising performing one or more chemical and/or biological

reactions, and/or biological processes in the discontinuous aqueous phase of an

emulsion as claimed in claim 38 or 39.
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43. A method for sorting droplets in a microfluidic device, the method comprising:

(i) providing a stream of aqueous droplets in an emulsion as claimed in claim 38 or
39 in a channel of the microfluidic device;

(ii) illuminating the stream from a first direction;

(iii) detecting light from analytes within the droplets in a second direction; and

(iv) sorting the droplets into one of a plurality of differentiated streams in response

to the detected light or a measurable signal.

44. A method of coalescing droplets in a microfluidic device, the method
comprising:
0] providing at least two aqueous droplets in an emulsion as claimed in claim
38 or 39 in a channel of the microfluidic device; and
(i) forcing said aqueous droplets to contact, thereby causing coalescence of

the at least two aqueous droplets into a single droplet.

45, A method of introducing a fluid into a droplet in a microfluidic device, the
method comprising:

(i) providing an aqueous droplet in an emulsion as claimed in claim 38 or 39 in
a channel of the microfluidic device; and

(i) contacting the aqueous droplet with a stream of fluid, thereby introducing

said fluid into the aqueous droplet.

46. A method of splitting droplets in a microfluidic device, the method comprising:

() providing a microfluidic device comprising a microfluidic junction, said
microfluidic junction comprising a first microfluidic channel, a second microfluidic
channel and a third microfluidic channel;

(i) providing an aqueous droplet in an emulsion as claimed in claim 38 or 39 in
said first microfluidic channel; and

(i) passing the aqueous droplet through the microfluidic junction, thereby
splitting said aqueous droplet into at least a first daughter droplet and a second
daughter droplet, the first daughter droplet in the second microfluidic channel and the

second daughter droplet in the third microfluidic channel.

47. A method of sorting droplets in a microfluidic device, the method comprising:
() providing a microfluidic device comprising a microfluidic junction, said
microfluidic junction comprising a first microfluidic channel, a second microfluidic

channel and a third microfluidic channel;
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(i) providing an aqueous droplet in an emulsion as claimed in claim 38 or 39 in
said first microfluidic channel;

(i) passing the aqueous droplet through the microfluidic junction, thereby
splitting said aqueous droplet into at least a first daughter droplet and a
second daughter droplet, the first daughter droplet in the second microfluidic
channel and the second daughter droplet in the third microfluidic channel;

(iv) detecting said first daughter droplet by mass spectroscopy; and

V) sorting said second daughter droplets into one of a plurality of differentiated

streams responsive to the mass spectroscopy.

48. A method of extracting a molecule from a fluid, the method comprising:

() dissolving a surfactant as claimed in any one of claims 1 to 29 in carbon
dioxide to form a carbon dioxide/surfactant mixture;

(i) adding a fluid comprising the molecule to the carbon dioxide/surfactant

mixture, thereby extracting the molecule from the fluid into the carbon dioxide.

49. Use of a surfactant as claimed in any one of claims 1 to 29 in a microfluidic
channel or device, in a molecular isolation in larger fluidic devices, containers or vats,
or in an automated device with associated software that controls a microfluidic channel

or device.
50. Use of an emulsion as claimed in claim 38 or claim 39 in a microfluidic channel

or device or in an automated instrument with associated software that controls a

microfluidic channel or device.
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