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UNIVERSAL SCALABLE AND COST-EFFECTIVE SURFACE MODIFICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
(G001 ] This Appheation claims the benctit of ULS. Provisional Appheation No.
61/767,736, filed on February 21, 2013, which 18 mcorporated herein by reference in s

entivety.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

(G002 This mvention was made with Government support under Grant No. 0903720,
warded by the National Science Foundation (NSF). The Government has certam rights in the

invention.
BACKRGROUND

THEIRY With rapid population growth and the emergence of clean energy technologies,
worldwide freshwater avatlability 18 dechning at alarming rates {(Service, R. F. (2006) Science
313, 1O88-1090). Alrcady, 1.2 billion people do not have access to sate drinking water, with
milions (mostly voung children) dying annually from disease transmutted from contaminated
water { Shannon, M., et al. (2008) Natire 452, 301-310; Elumelelch and Phallip (201 1) Science
333 712-717). Even developed countrics such as the United States will be consudered
“water-stressed” betore the end of the century (Service, R, F. (2006) Science 313, 1088-
1090). Dimunishing groundwater resources are bemng contammnated with increasmng amounts
of heavy metfals, nucropollutants, and reproductive toxins.,  Chemicals added to disindect
water supplies negatively impact the environment and often undergo side reactions that
oenerate high levels of carcinogens m drinking water (Shannon, M., et al. (2008} Nature 452,
301-310). New fechnologics must be developed 1o treat water effectively from traditional

and non-traditional sources to adeguately supply global needs.

{38304} Reverse osmosis {RO) has emerged as a leading technolosy in water treatment for
it ability o efficiently convert seawater and brackish water mto high punity waler for potable
and high toch applications. The polvmeric thin-film membranes used for RO exhibit high

flux, high selectivity, low cost, and relatively low-energy expenditure compared {0 alternative

desalination technologies (Ehimelelch and Phillip (2011} Science 333, 712-717; Lee, K., et al.
(201 1) J. Membr. Sci. 378, 1-22). Acting as a physical barrier, RO membranes allow water
molecules to permeate through a dense, microporous tilm and reject small dissolved solutes.

Among numerous polymernc maitcerials used to fabricatc RO membranes, aromatic polyamide
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membranes are the most widely used because of their superior transport and separation
properties. Thin-film composite membranes are produced on an mdustrial scale using roli-to-

roll processing and are packaged mto spiral wound elements 1o achieve optirnal performance.

LHEHIRY Although polyamide mombranes have approached theoretical hinuts  on

performance, they are highly susceptible to biological surface fouling that significantly

~

res (Shannon, M., et al. (2008) Nature
453, 301-310; Elmmclelch and Phidlip (201 1) Science 333, 712-717; Herzberg and Ehmelech

reduces mitnnsie operational and economic advanta

N
¥

(2007 J. Membr. Sci. 295, 11-20). Microorganisms in the feed water adsorb onto the surface
via hydrophobic mnteractions and block the flow of water through the membrane. Harsh
chemical disinfectants used to prevent the growth of biohilms on the surface, such as chlorne
and base treatments, prevent and remove biofilms from the surface but also attack the
chemical bonds within the polyamide layer degrading the high selectivity of the membranes
(Glater, 1., et al. (1994) Desalination 95, 325-345; Kawaguchs and Tamura (1984} J. dppl.
Folymer Sci. 29, 3359-3367). Thus, bwogrowth mhibition and cleanmg agents that are
commonly used in water treatment cannot be used with RO membranes, increasing the
pretreatment, operating and maintenance costs of desalmation plants (Isatas, N. P. (2001
Desalination 139, 57-64; Redondo, 1. AL (2001 Desalination 139, 28-31; Kang, G.-D., ¢t al.
(20073 J. Membr. Sci. 388, 165-171),

FHEH Y Recently, researchers have attempied to reduce or prevent RO moembrane
biotouling by developing anti-fouling membrane surface treatments (Rana and Matsuura
(2010) Chemical Rev. 118, 2448-2471; Kang and Cao (2012) Water Research 46, 584-600).
By covalently moditying the surface with hyvdrophilic “brush”™ polymers {Belfer, §., et al.
(1998) /. Membr, Sci. 139, 175-191; Van Wagner, E. M., et al. (2011) 4 Membr. Sci. 367,
273-287; Kang, 4., ¢t al. (201 1) Desalination 2758, 252-289; Zou, L., et al. (2011} ./ Membr.
Sci, 369, 420-428; Lan, N. H., et al. (2010} J Marerials Chem. 29, 4642, Yang, R., ¢t al
(201 1) Chem. Materials 23, 1263-1272), hydrophobic miteractions between the foulant and
the membrane surface are obstructed (FIG. 1), In addition, mitial attachment of biological
cells and dissolved organics, a key step n biohlm {ormation, s mmpeded.  Moreover, a
hvdrophilic surface forms a layer of hyvdration that prevents foulants from adsorbing onto the

surtace of the membrane film, thus allowing water to pass frecly through the membrane.

{38071 Unfortunately, the designed chemical stabihity of polyamide membranes makes
surface manipulations a difficult task,  Previous studies have utilized reactive epoxide

terminal groups (Van Waener, E. M., ¢t al. (2011) J Membr. Sci. 367, 273-287),

-
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carboditmide activation (Kang, ., et al. (2011} Desalination 2758, 252-259), or radical
mitiated graft polvmerizations that chemucally attach the hydrophilic polymers to the
polvamide surtace (Kang and Cao (2012) Warer Research 46, 584-600; Kang, G., ¢t al
(2011 Desalination 278, 252-259; Zou, L., et al. (2011 J. Membr. Sci. 369, 420-428; Lin, N.
H., et al. (2010) /. Muaterials Chem. 28, 4642; Yang, R, et al. (2011) Chem. Materials 23,
1263-1272).  However, these modifications require long reaction times, exolic reaction
conditions, and are periormed in sifu, preventing them ifrom being easily transiated mto

commercial roll-to-roll manufacturing processes for thin-film composiic membranes.

| BO0E] Thus, there remamns a need for scalable methods to produce anti-fouling RO

membranes, Such membranes and methods related thereto are described heren.
SUMMARY

G009 in accordance with the purpose(s) of the mvention, as cmbodied and broadiy

described hereimn, the invention, i one aspect, relates to chlonne-tolerant polyamide

membranes and their uses.

{3010 Disclosed are fouling resistant filtration membranes comprising 4 polymeric thin-
film membrane comprising a surtace, wherein the surface 1s modified with at least one

residue of a compound having a structure represented by a formuia;

R1a

wherein A s sclected from —~C(=0 )~ and (50, wherein L 18 selected from —0Q), —0,

13 _— - : 1t
—N R HQ and —NR7Q; wherein Q 15 selected from hydrogen, a hydrophilic pelymer, and a

5¢C
R R5b
YZ%R"’E‘
R

43 R4b

structure represented by a formula:

N
L

T - i1y Gay 6b ~ ~/_NTL N NTETYRTES
wherein 7 18 selected from —CR7PR"—, —C(=0)-, —CE=ENH)—, and —C(=NH)NR —;
wherein m is an integer selected from 8§, 1, 2, 3, 4, 5, 6, 7, and 8; wherein each of R' and R
is independently selected hydrogen and halogen; wherein each of R* and R™ is halogen:

. . 5 . ~ , : e 4
wherein R, when present, 8 selected from hydrogen and C1-C4 atkyl; wherein each of R™

A
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and R™, when present, is independently sclected from hydrogen, halogen, —CN, —OH,
~NRPRY —NR™R™H', C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polyhaloalkyl, =8Oy,
—~SO:R”, —COy, and —CCHR”: wherein each of R™® Rﬁb, and R™° s mdependently selected
from hydrogen, halogen, —CN, —OH, —NR'PR'™ —NR™R'™ H', C1-C4 alkyl, C1-C4
monohaloalkyl, C1-C4 polyhaloalkyl, —S05, —SORY . —CO,, and —CO,RY: wherein each
of R™ and R™, when present, is independently selected hydrogen, halogen, —CN, —OH,

L 34

—NRPRYP D NRYPRMY B, €104 alkyl, C1-C4 monohaloalkyl, C1-C4 polvhaloalkyl,

—80;, —S(xR7, —CO,, and —CO,R"Y; wherein R, when present, is selected from hydrogen
and C1-C4 alkyl: wherein R®, when present, is selected from hydrogen and C1-C4 alkvi:
wherein R”, when present, is selected from hydrogen and C1-C4 alkyl; wherein R'Y, when
present, is selected from hydrogen and C1-C4 alkyl; wherein R, when present, is selected

' when present, is selected from hydrogen and

from hydrogen and C1-C4 alkyl; wherein R

C1-C4 alkyl; and wherein R, when present, is selected from hydrogen and Ci-C4 alkyl.

G011 Also disclosed are methods of modifying a thin-fim membrane comprising a
surtace, the method comprising the siep of bonding the surface with at least one residuc of a
compound having a structure represenied by a formula;

R1a
R2a A R

L
N3 R1b
R2b
wherein A s sclected from —~C(=0 ) and —~{(50, )~ wherein L 18 selected from —0Q), —~0,

dooy R vy " . .
—N R HQ and —NR7Q; wherein Q 15 selected from hydrogen, a hydrophilic polymer, and a

5C
R R5b
YZ%RE’&
R4

a R4b

structure represented by a tormula:

b
>

wherein 7 is selected from —CR®R%—, —C(=0)y—, —C{=NH)}—, and —C{(=N HINR =
wherein m i1s an wteger selected from §, 1, 2, 3, 4, 5, 6, 7, and 8; wherem cach of R™and RY
is independently selected hydrogen and halogen: wherein cach of R* and R™ is halogen:
wherein R”, when present, s selected from hydrogen and C1-C4 alkyl; wherein cach of R™
and R*, when present, 1s independently selected from hydrogen, halogen, —CN, —OH,

mNRg“Rgb, —~NRZR H', C1-C4 alkyi, C1-C4 monochaloaltkyl, C1-C4 polyhaloalkyl, —SOy,
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~ 9 3 - i ~ 9 ' . ' * S¢ Sh 5S¢ > |
—~S0O:R7, —COy, and —CO,R7; wherein each of R™, R, and R is independently selected
N o~ e N S N RT tOary 10b 1y +Oayy 13D 1 4 i .
from hydrogen, halogen, —CN, —OH, —NR7R™, —~NR7R™ H |, C1-C4 alkyl, C1-C4
monohaloalkyl, C1-C4 polvhaloalkyl, —80;, —SO:RY, —CO,, and —CO,R' wherein cach
of R and R®, when present, is independently selected hydrogen, halogen, —CN, —OH,
—NR"PRM . NRMRYY HY C1-C4 allyl, C1-C4 monohaloalkyl, C1-C4 polyhaloalkyl,
{ - o~ 13 “~ - ' i3 e ! | . :

{3y, 80 R, —CO,, and —~COR™ wherein R, when present, 18 selected from hydrogen
and C1-C4 alkyl; wherein R, when present, is selected from hvdrogen and C1-C4 alkyl;
. . a . » : ' ~ N | . . o )
wherein R7, when present, is selected from hvdrogen and C1-C4 alkyl; wherein R, when
present, is selected from hydrogen and C1-C4 alkyl: wherein R, when present, is selected
from hydrogen and C1-C4 alkyl; wherein R, when present, is selected from hydrogen and

C1-C4 alkyl: and wherein R, when present, is selected from hydrogen and C1-C4 alkyl,

(6012} Also disclosed are methods of modifying a thin-film membrane comprising a
surface, the method comprnising the step of bonding the surface with at least one residue of a
compound comprising a singlet nitrene, thereby mmproving at least one property selected from
resistance to fouling, surface charge, hydrophuicity, and roughness.

{331 3] Also disclosed are compounds having a structure represented by a formula:

R1a

wherein m s an integer selected from §, 1, 2, 3, 4, 3, 6, 7, and 8; wherein A 1s selected from
=0 and —{(8Os ) and L 1s —00Q), or wheremn A 13 —{(50:— and L 15 sclected from

—(Q and —NRQ:; wherein Q@ 1s selected from hydrogen, a hydrophilic polymer, and a

ke

4a R4b

structure represented by a tormula:

wherein 7 is selected from —CR®R%— —C(=0)—, —((=NH)—, and —C(=NH)NR'—:
wherein each of R™ and R™ is independently selected hydrogen and halogen; wherein each of
R* and R* is halogen: wherein R°, when present, is selected from hydrogen and C1-C4
alkyl; wherein each of R™ and R™, when present, is independently sclected from hydrogen,

halogen, —CN, —OH, —NR¥R™, —NR®R™ H', C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4

N 3
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polvhaloalyl, =80, —SO:R”, —CO5, and —CO,R”: wherein each of R, R’", and R is
independently selected from hydrogen, halogen, —CN, —OH, —NR'"™R'"" —NR'"R'™ 1,
C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polyhaloalkyl, —SOy, —SO.RY, —CO,y', and
—{0,R'Y: wherein cach of R* and R®, when present, is independently selected hvdrogen,
halogen, —CN, —OH, —NRMR'Y¥ —NR™R'™ H', C1-C4 alkyl, C1-C4 monohaloatkvl, C1-
{4 polvhaloalkyl, —S04, -SSRV, —C05, and —CG,RY: wherein R’, when present, 18
selected from hydrogen and C1-C4 alkyl; wherein R°, when present, is selected from
hydrogen and C1-C4 alkyl; wherein R°, when present, is selected from hydrogen and C1-C4
alkyl: wherein R, when present, is selected from hydrogen and C1-C4 alkyl wherein R
when present, is selected from hydrogen and C1-C4 alkyvl; wherein R, when present, is
selected from hydrogen and C1-C4 alkyl: and wherein R, when present, is selected from

hydrogen and C1-C4 alkyl.

(3814 Also disclosed are methods of purifymng water, the method comprising: a)
providing a disclosed membrane, or a membrane moditied according to a disclosed process,
the mombrane having a first face and a second face; b) contacting the first face of the
membrane with a {irst solution of a first voluome having a first salt concentration at g first
prossure; and ¢) contacting the second face of the membrane with a second solution of 4
second volume having a second salt concentration at a second pressure; wheremn the first
sohution 15 i fhind commumnication with the second solution through the membrane, wherein
the first salt concentration 1s hgher than the second salt concentration, thercby creating an
osmotic pressure across the membrane, and wherein the first pressure 15 sufficiently higher
than the second pressure to overcome the osmotic pressure, thereby increasing the second

volume and decreasing the first,
BRIEF DESCRIPTION OF THE FIGURES

{331 5] The accompanying figures, which are mcorporated i and constitute a part of this
spectitcation, tustrate several aspocts and together with the description serve 10 explam the

principies of the mvention.
10016} FIG. 1 shows representative data pertaining to the addition of hydrophilic brush
polyvmers to prevent wreversible fouling.

{3017 FIG. 2 shows representative spectral data confirming the syathesis of methyl 4-

arido-2,3,5,6-tetratluorobenzoate (Scheme 1, 3.2).
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[6618]  FIG. 3 shows representative spectral data confirming the synthesis of 4-azido-

2,3,5 6-tetrathuorobenzow acid (Scheme ) 3.3).

THFS Fi(:. 4 shows representative spectral data confirming the synthesis of 2,5-

dioxopyrrolidin- -yl 4-azido-2,3, 5, 6-tetrathuorobenzoate (Scheme 1, 3.4).

{GG2 0 Fi{z. 5 shows representative spectral data confirming the synthesis of PEFPA-

PEG
4 -
i -«Fno

. o 9 oo :
(G021 FIG. 6 shows representative H and F (inset) NMR spectral data of PFPA-
PEUs000.

G221 FiG. 7 shows representative 'H and F (msect) NMR spectral data of PFPA-

PE1000.

- G
{30231 FIG. 8 shows representative 'H and F (inset) NMR spectral data of PFPA-
PEngg,

33241 Fi(z, & shows representative ‘H and V'F (mset) NMR spectral data of PEFPA-
{CDEA.

3025} Fi(:. 18 shows representative data pertammng o the modification of commercial

membrane coupons via dip-coating and treatment with UV hght,

{30261 FIG. 11 shows representative data confurnung that the RO membrane 15 cither
unmodificd (top) or covalently bound 10 a PFPA-PEGss, PEFPA-PEG a0, OF PFPA-PEGsu0
moiety.

{38271 FIiG. 12 shows reprosentative data pertamning to the contact angles of RO
membrancs covalently bound to PFPA mocties.

{3028} Fiz., 13 shows representative data demonstrating the contact angles of an
unmodified membrane betore (left) and after (right) treatment with a UV hght.

LAY FIG. 14 shows representative data demonstrating the effect of UV exposure on a
bare membrane (fop) and PFPA-PEGsgp coated membrane.

{8301 FIG. 15 shows representative data porfavung 1o the contact angles of an
unmodificd membrane (15A) and membranes modified with basic (158 and 15C) and acidic
(15D} functional groups.

(G031 FI(. 16 shows representative data demonstrating the change in contact angle as a

function of UV exposure tune for a PFPA-PEG o Coated membrane.
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{3832 ] FIG. 17 shows representative data pertaining to the covalent attachment of PFPA
to the surface of the membrane. Specilically, the XPS survey spectra and N 1s spectra of the

unmodified (17A) and modified (178 RO membranc surface 1s shown.

{38331 Fiz. 18 shows representative data pertaining to the pure water permeability and

salt rejection of PFPA-PEG, modified RO membranes.

13034 FIG. I9A and 19B show representative data demonstrating the performance of

commercial and PFPA-PEG, modificd RO membranes.

{8351 FIG. 28 shows representative data pertaiming 1o the adbesion of £, coli on PFPA-

PEG, moditiced membranes.

3836} FI(:. 21 shows representative data quantifying the adhesion of £, cofi on PFPA-

PEG, moditied membranes.

(G837 ] FIG, 22 shows representative data pertaining to the effect of PFPA modification

on zeta potential.

LI Additional advantages of the invention will be set {orth i part in the description
which follows, and mn part will be obvious from the deseniption, or ay be learned by practice
of the mvention. The advantages of the invention will be realized and attamned by means of
the clements and combinations particularly pointed out 1n the appended claims. 15 10 be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not restnictive of the invention, as clammed.

DETARLED DESCRIPTION

(60387 The present mvention can be understood more readily by reference to the

following detatied description of the mvention and the Examples mcluded therein.

LY Before the present compounds, composttions, articles, devices, and/or methods are
disclosed and described, 1t 1s 1o be understood that they are not imuted to specitic synthetic
methods unless otherwise specified, or to particular reagents unless otherwise specified, as
such may, of course, vary. It is also to be understood that the ferminoiogy used hercin 18 for
the purpose of describing particular aspects only and s not mtended to be limiting. Although
any methods and materials sumilar or equivalent to those described herein can be used i the
practice or festing of the present mvention, example methods and materials are now

described.
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{3041 ] Although any methods and materials similar or equuivalent o those described
heremn can be used m the practice or testing of the present mvention, example methods and

materials are now described.

[3842] All publications mentioned herem are mcorporated heremn by reference to dsclose
and describe the methods and/or materials in connection with which the publications are
cited. The publications discussed herein are provided solely tor their disclosure prior to the
filing date of the prosent application. Nothing herein 1s 1o be construed as an admussion that
the present invention 18 not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided herein may be different {rom the actual publication

dates, which can require independent confirmation.
A. DEFINITIONS

{3343 As used herein, nomenclature for compounds, mcluding organic compounds, ¢an
be gven using common pames, [UPAC, TUBMB, or CAS recommendations for
nomenclature. When one or more stereochemical features arc present, Cahn-Ingold-Prelog
rules for stereochenustry can be cmployed to designate stercochemical pnority, A/7
spectiication, and the like. One of skall m the art can readdy ascertain the structure of a
compound it given a name, either by systemic reduction of the compound structure using
naming conventions, or by commercially available software, such as CHEMDRAW'™

(Cambnidgesoft Corporation, ULS AL}

2% ¢ 22

(3044 As used m the specification and the appended claims, the singular forms “a,” “an
and “the” mnchude plural referents unless the context clearly dictates otherwise. Thus, for

22 4x

example, reference (0 “a component,” “a polymer,” or “a particle” includes mixtures of two

or more such components, polymers, or particles, and the like.

{3045] Ranges can be expressed herem as from “about” one particular value, and/or to
“about” another particular value. When such a range 1s expressed, another aspect inchudes
from the one particular value and/or to the other particular vailue. Sumilarly, when values are
cxpressed as approximations, by use of the antecedent “about,” 1t will be understood that the
particular value forms another aspect. It will be further understood that the endpoints of cach
of the ranges are significant both in relation to the other endpownt, and mdependently of the
other endpomt. 1t 1s also understood that there are a number of values disclosed heremn, and

that cach vakhie 18 also hercin disclosed as “about” that particular value m addition 1o the
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value iself. For example, if the value 187 18 disclosed, then “about 107 18 also disclosed. It
1s also understood that when a value 13 disclosed that “less than or eqgual 10”7 the value,
“greater than or equal 1o the value™ and possible ranges between values are also disclosed, as
appropriately understood by the skalled artisan. For example, 1f the value “1{” is disclosed
the “less than or equal to 107 as well as “greater than or equal to 1867 15 also disclosed. I 18
also understood that throughout the application, data 18 provided 1o a number of ditferent
tormats and that this data represents endpomnts and starting pomnts, and ranges for any
combination of the data ponts. For example, if a particular data point “1{7 and a particular
data pomnt 15 are disclosed, it 1s understood that greater than, greater than or equal 1o, 1ess
than, fess than or equal to, and equal to 10 and 15 are considered disclosed as well as between
10 and 15. It 1s also understood that cach unit between two particular untts are also disclosed.

For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.
2 2 - :

[3846] References mn the specification and concluding clayims to parts by weight of a
particular clement or component i a composition denotes the weight relationship between
the element or component and any other elements or components n the composition or articie
tor which a part by weight 18 expressed. Thus, i a compound contaming 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are prosent m such rafio regardiess of whether additional components are contamed

in the compound.

13047} A weight percent (wt. %) of a component, unless specilically stated {0 the
contrary, 18 based on the total weight of the formulation or composition m which the

component 18 included.

{33481 As used herein, the terms “optional” or “optionally”™ means that the subsequently
described event or circumstance may or may not occur, and that the description includes

mstances where said event or circumstance occurs and mastances where it does not.

33491 As used heremn, the terms “elfective amount” and “amount effective” refer to an
amount that 15 sufficient 1o achieve the desired result or t0 have an ciiect on an undesired

condition.

G050 The term “stable”™, as used herein, refers to compositions that are not substantialiy
alicred when subjected {0 conditions {0 allow for thew production, detection, and, 1o certan

aspects, thewr recovery, purttication, and use for one or more of the purposes disclosed heremn.

10
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3851 As used herein, the term “polvmer” refers to a relatively high molecular weight
organic compound, natural or synthetic, whose structure can be represented by a repeated
snall unit, the monomer {(e.g., polvethyiene, rubber, cellulose).  Syntheftic polymers are

typically formed by addition or condensation polymerization of monomers.

{00521 As used herein, the term “homopolyvmer” refers {0 a polymer formed from a single

type of repeating unit (monomer residue).

LHLISR] As used heremn, the term “copolymer” refers 10 a polymer formed from two or

more different repeating unus (monomer residues) By way of example and without
frmitation, a copolymer can be an alternating copolymer, a random copolyvmer, a block
copolvmer, or a graft copolymer. It 18 also contemplated that, m Certamn aspects, various

block segments of a block copolymer can themselves comprise copolymers.

LHIREY As used herein, the term “oligomer” refers to a relatively low molecular weight
polvmer i which the number of repeating units 18 between two and ten, for example, from
two 1o eight, from two to 81%, or form two 1o four. In one aspect, a collection of oligomers
can have an average number of repeating units of from about two to about fen, for example,

from about two 10 about ¢ight, from about two {0 about six, or form about two to about four,

FHESS) As used herein, the term “cross-linked polymer” refers to a polymer having bonds

tinking one polymer chain to another.

{B056] The term “alkyl” as used heremn 18 a branched or unbranched saturated
hydrocarbon group of 1 to 24 carbon atoms, such as methyl, othyl, #-propyl, sopropyvl, #-
butyl, 1sobutyl, s-butyl, z-butyl, n-pentyl, 1sopentyl, s-pentyl, neopentyi, hexyl, hepivl, octyi,
nonyl, decyl, dodecyl, tetradecyl, hexadecyl, cicosyl, tetracosyl, and the tike. The allkyl group
can be cyche or acyclic. The atkvl group can be branched or unbranched. The alkyl group can
aiso be substituted or unsubstituted. For example, the alkyl group can be substituted with one
or more groups mcludmg, but not limted {0, alkyl, cycloalkyl, alkoxy, amino, cther, halide,
hvdroxy, mitro, silvl, sulfo-oxo, or thiol, as described heremn. A “lower alkvl” group 18 an
alkyl group containing from one to six {e.g., from one to four) carbon atoms. Non-hinuting
exampies of alkyls mclude C1-18 alkyl, C1-C12 alkyl, C1-C8 allyl, C1-C6 alkyl, C1-C3
atlcyl, and C1 alkvl.

{8571 Throughout the specification “alkyl” ¢ gencrally used 1o refer to both
unsubstituted alkyl groups and substituted alkyi groups; however, substituted alkyl groups are

also specifically referred to herein by identityving the specific substituent(s} on the alkvl

i1
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group. For example, the term “halogenated alkyl” or “haloalkyl” specifically refers to an
alkyl group that s substituted with one or more halide, e.g., fluoring, chlorme, bromine, or
wodine. The term “alkoxyalkyl” specitically refers to an alkyl group that 18 substituted with
one or more alkoxy groups, as described below. The term “alkylamine” specifically refers 1o
an alloyl group that 1s substituted with one or more amino groups, as described below, and the
hlce. When “alkyl” 15 used 1o one mstance and a specilic term such as “alkylaicohol” 1s used
in another, it 1s not meant to tmply that the term “alkyl” does not also refer {0 specific terms

such as “alkylalcohol” and the like.

| 3O58] The term “alkenyl” as used heremn 18 a hydrocarbon group of 2 to 24 carbon atoms
with a structural {ormmida contaming at least one carbon-carbon double bond. The alkenvi
oroup can be unsubstituted or substituted with one or more groups mncluding, but not limited
to, alkvl, cveloalkyl, altkoxy, alkenvl, cycloalkenyl, alkvanvl, cvcloalkynvl, arvl, heteroarvi,
aldehyde, amno, carboxviic acid, ester, ether, hahde, hyvdroxy, ketone, azide, mitro, silvl,

sulfo-oxo, or thiol, as described herein, Non-limiting examples of alkenyls mchude C2-18

atkenyi, C2-12 alkenyi, C2-8 alkenyi, C2-6 alkenyi, and C2-3 alkenvl

FHES The term “alkynyl” as used herewn 18 a hydrocarbon group of 2 to 24 carbon atoms
with a structural formula contammng at least one carbon-carbon triple bond. The alkynyi
oroup can be unsubstituted or substituted with one or more groups mcluding, but not limuted
to, alkvl, cvcloalkyl, alkoxy, alkenvl, cycloalkenyl, alkvnvl, cycloalkynvi, arvl, heteroarvi,
aldehyde, amuno, carboxvhic acid, esier, cther, halide, hvdroxy, ketone, azide, mitro, sihvl,
sulfo-oxo, or thiol, as described herein., Non-limiting examples of alkyayls mchude C2-18

5

atkynvl, C2-12 altkynyl, C2-8 alkynvyl, C2-6 alkynyl, and C2-3 alkynyl.

L The terms “amine” or “anuno’™ as used herein are represented by the formula —
NA'A®, where A' and A” can be, independently, hydrogen or atkyl, cycloalkvl, alkenyl,

cycloalkenyl, alkynvl, cycloatkynyl, aryl, or heteroaryl group as described heren.

(3061 ] The term “ester” as used herein is represented by the formula —OC(O)A or —
C(OYOA', where A' can be alkyl, cvcloalkyl, alkenyl, cycloalkenyl, alkoynyl, cycloalkynyl,
arvi, or heteroaryl group as described hercin. The term “polyester” as used herein is
represented by the formula —(A'O(O)C-A™-C(O)0L— or —(A'OO)C-A-0C{0O))—.
where A’ and A” can be, independently, an alkyl, cyveloalkyl, alkenvl, cycloalkenyl, atkynyl,

cycloalkynyl, aryl, or heteroaryi group described herein and a7 1s an nteger {from 1 to 300,

“Polyester” 18 used to describe a group that 18 produced by the reaction between a compound

12
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having at least two carboxyhic acid groups with a compound having at least two hydroxyl

STOUPS.

{30621 The term “ether” as used herein is represented by the formula A'OA°, where A
and A~ can be, independently, an alkyl, cyecloalkyl, alkenyl, cycloalkenyl, alkynvl,
cycioalkynyl, arvl, or heteroaryl group described hercin. The term “polyether” as used herein
is represented by the formula —(A'O-A"0)—, where A" and A~ can be, independently, an
atkvi, cycloalkvl, alkenvl, cycloalkenyl, alkvnyl, cycloalkynyl, arvi, or heteroaryl group
described hercin and “a” 18 an nteger of from 1 10 500. Examples of polyether groups include

polvethviene oxide, polypropylene oxide, and polybutyiene oxide.

FHHR] The term “axide” as used herewmn s represented by the formula —Ni.
(30364 The term “thiol” as used herein 18 represented by the formula —SH,
{3065] Compounds described hercin can contain one or more double bonds and, thus,

potentially give rise to cis/trans (E/Z) isomers, as well as other conformational 1somers.
Unless stated to the contrary, the mvention mmcludes all such possible 1somers, as well as

mxtures of such 1somers.

{006 _orfain materials, compounds, compositions, and components disclosed herem
can be obtammed commercially or readily synthesized using techniques generally known 1o
those of skifl in the art. For example, the starting materials and reagents used n prepanng the
disclosed compounds and compositions are ¢ither available from commercial suppliers such
as Aldrich Chemical Co., (Milwaukee, Wis.), Acros OUrganics (Morris Plains, N.J.), Fisher
Scientific (Pittsburgh, Pa.), or Sigma (St. Louis, Mo} or are prepared by methods known to
those skilled mm the art followmg procedures set torth i redferences such as Figser and Fieser’s
Reagents for Orgamae Synthesis, Volumes 1-17 (Jobn Wiley and Sons, 1991); Kodd’s
Chemistry of Carbon Compounds, Volumes 1-5 and Supplomental volumes (Elsevier Science
Publishers, 1989}, Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991); March’s
Advanced Orgamic Chemstry, (John Wicy and Sons, 4th Edition); and Larock’s

Comprehensive Organic Transformations {VCH Pubhishers Inc., 19891,

{36671 Unless otherwise expressly stated, 1t 15 i no way intended that any method set
forth herein be construed as requinng that its steps be performed o a specific order.
Accordingly, where a method claim does not actually recite an order 1o be followed by its
steps or it 18 not otherwise specifically stated in the claims or descriptions that the steps are o

be himated {0 a specific order, it 18 no way mtended that an order be mferred, 1n any respect.
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This holds for any possible non-express basis for mterpretation, imncluding: matters of logic
with respect 1o arrangement of steps or operational tlow; plain meamng derived from
orammatical organization or punctuation; and the number or type of embodiments described

in the specification,

G068 Disclosed are the components {0 be used to prepare the compositions of the
imvention as well as the compositions themselves to be used within the methods disclosed
herem. These and other materials are disclosed herein, and 1t 18 understood that when
combinations, subsets, mieractions, groups, cte. of these materials are disclosed that while
specific reference of cach various mdividual and collective combinations and permutation of
these compounds may not be expheitly disclosed, each s specitically contemplated and
described herein. For example, if a particular compound is disclosed and discussed and a
number of modifications that can be made to a number of molecules mcluding the
compounds are discussed, specifically contemplated 18 each and every combmation and

permutation of the compound and the modiications that are possible unless specifically

indicated to the contrary. Thus, if a class of molecules A, B, and C are disclosed as well as a
class of molecules D, E, and F and an example of a combination molecule, A-D 1s disclosed,
then even it cach 1s not mdividually recuied each 18 mdividually and collectively
contempliated meaning combmations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are
considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus,

1

for example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This

concept applics to all aspects of this application inciuding, but not limited to, steps m
methods of making and using the compositions of the mvention. Thus, 1f there are a variety
of additional steps that can be performed it 18 understood that cach of these additional steps
can be pertormed with any specific aspect or combination of aspects of the methods of the

mvention.

33691 it 1s understood that the compositions disclosed herein have certam functions.
Disclosed herein are certam structural requirements for performing the disclosed functions,
and 1t 1¢ understood that theore are a vanety of structures that can perform the same function
that are related to the disclosed structures, and that these structures will typically achieve the

same rosult.
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. FOULING RESISTANT FILTRATION MIEMBRANES

{3878 In one aspect, the invention relates to fouling resistant filiration membranes
compnising a polymeric thin-iim membrane comprising a surface, wheremn the surtace 1s
modified with at least one residue of a compound having a structure represented by 4
formula:

R1a

R2a A .
L

N3 R'lb
R2b
wherein A s selected from —{(=0)— and (50— wherem L is selected from —QQ, —U,
e A A o . ~ , : . : 2y . .
—N RH{ and —NRQ; wherein @ s sclected from hydrogen, a hydrophilic polymer, and a

structure represented by a tormula:

5¢C

R R5b

YZ m R
R4a R4b

wherein 2 is selected from —CRPR®—, —C(=0)— —C(=NH)—, and —C(=NH)NR'—
wherein m is an integer selected from 0, 1, 2, 3, 4, 5, 6, 7, and &; wherein each of R'® and R
is independently sclected hydrogen and halogen; wherein each of R™ and R™ is halogen;
wherein R°, when present, is selected from hydrogen and C1-C4 alkyvl; wherein cach of R™
and R™, when present, is independently selected from hydrogen, halogen, —CN, —OH,
—NR™R™, —NR¥R™ H", C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polvhaloatkyl, —SOx,
—S(1R7, —C0O,, and —CO.R™: wherein each of R°?, R and R”® is mdependently selected
from hvdrogen, halogen, —UN, —0OH, mNRwaR_mbe —~NRIVRI H', C1-C4 alkyl, Ci-C4
monohaloalkyl, C1-C4 polyvhaloalkyl, —SO5, =8OR, —(C0,, and —CO,R' ' wherein cach
of R™ and R, when present, is independently selected hydrogen, halogen, —ON, —OH,
~NR"™R"¥ —NR"RM H', C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polvhaloalkyl,
-5y, ---SO;;R_ii —{_{}» . and OO, R  Wherein R)?, when present, 15 selected from hydrogen
and C1-C4 alkyl; wherein R, when present, is selected from hydrogen and C1-C4 alkyl;

. G | . ‘ A . | ~ o . , ,
wherein R°, when present, is selected from hydrogen and C1-C4 alkyl; wherein R'Y, when

present, 18 selected from hydrogen and C1-C4 alkyl, wherein R, when present, 18 selected
£ 12 R
from hydrogen and C1-C4 alkyl; wherein R, when present, 15 selected trom hydrogen and

~ _ ' ’ ' ] t ? By ’ ' ' ~ N N
C1-C4 alkyl: and wherein R'°, when present, is selected from hydrogen and C1-C4 alkyl. In

A W/
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a further aspect, the membrane 1S a reverse osmosis membrane. In a st further aspect, the

mernbrane comprises at least one polvamde. In yet a further aspect, the polvamude 1s

aromatic.
G711 it 1s understood that the disclosed compositions, mixtures, and membranes can be

cmployed i connection with the disclosed methods and uses.
f. POLYMERIC THIN-FILM

{66721 In one aspect, the fouling resistant filtration membranes of the wnvention comprise
a polymeric thin-filrn membrane comprising a surface. In vanous aspects, the polymeric
thin-film can be adhered 1o the surface, the polymeric thin film can be bonded to the surtace,
and/or the polvmeric thin-film can be adjacent {0, in contact with or laminated to the surface.

The polymeric support can be disposed upon a woven or non-woven textile laminated to the

surface,
(3873} In various aspects, the polymeric thin-film comprises a polymer matnx, e.z2., a

threc-dimensional polvmer network, substantially permeable to water and substantially
impermeable 10 topurities. For example, the polymer network can be a cross-linked polymer
tormed from reaction of at least one polviunctional monomer with a difunctional or

polytunctional monomer.

{83741 The polvmeric thin-film can be a three-dimensional polvmer network such as an
aliphatic or aromatic polyamide, aromatic polyhydrazide, poly-bensimidazolone,
polyvepramimne/amide, polyepraminge/urea, poly-cthylencimune/urea, sulfonated polyiurane,
polvbenzimidazole, polypiperazine isophtalamide, a polyether, a polvether-urea, a polyester,
or a polyimide or a copolymer thercot or a mixture thereof. Preferably, the polymeric thin
{ilm can be formed by an nterfacial polymenzation reaction or can be cross-linked

subsoquent 10 polymerization.

{3075 The polvmenc thin-filin can be an aromatic or non-aromatic polvamude such as
residucs of a phthaloyl (1.e., 1sophthaloyl or terephthalovl) halide, a trumesyl halide, or a
mixture thereof. In another example, the polyamide can be residues of diammobenzene,
trianunobenzene, polvetheriming, piperazine or poly-piprazing or residucs of a trimesoyl
halide and residucs of a diaminobenzene. The film can also be residues of trimesoyi chionde

and m-phenyvienediamine. Further, the film can be the reaction product of trimesoyl chioride

and m-phenyienediaming.

15
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{387 6] The polymeric thin-film can have a thickness of from about 1 nm o about 13{3{
nm. For example, the filro can have a thickness of from about 10 nw to about 10800 nm, from
about 100 nm to about 1000 nimy, from about 1 am to about 560 nm, from about 10 nm to
about 500 nm, from about 50 nm to about 500 nm, from about 50 nm to about 200 nm, from
about SO nm to about 250 nm, from about SO nm to about 300 nm, or from about 200 nm to

about 300 nm.
2., REVERSE OSMOSIS MEMBRANES

{30771 In onc aspect, the filtration membranes of the mvention can be reverse 0Smosis
(RO) membranes, inchuding thin-fum composite (TFC) membrancs,  Among particularly
useful membranes for osmosis apphications are those in which the semi-permeable or
discriminating layer s a polvamide. A thin film composite membrane typically comprises a

porous support and a semi-permeable polymer tilm polymerized on the porous support.

{387 8] Compostte polvamide membrancs are typically prepared by coating a porous
support with a polyfunctional amine monomer, most commonly coated from an agueous
solution. Although water 1s a preferred solvent, non-agueous solvents can be utilized, such as
acetontirile and dimethylormamide (DMEF). A polytunctional acyl halide monomer {also
referred to as acid halide) is subsequently coated on the support, typically coated first on the
porous support followed by the acyl halide solution. Although one or both of the
polyiunctional amine and acyl halide can be applied to the porous support from a solufion,

they can alternatively be applied by other means such as by vapor deposition, or heat.

{3879 fn various aspects, the reverse osmosis membrancs are prepared viag a dip-coating
process, whereby the membrane 18 dipped mito a hquid coating sohition and then withdrawn
at a controlled speed. Coating thickness generally mcreases with faster withdrawal specd. A
taster withdrawal speed adheres more tluid up onto the surface of the membrane before it has
time to flow back down into the solution. Thickness 1s primaridy affected by factors such as
flurd viscosity, fluid density, and surface tension.  Evaporation of the solvent can be
accelerated by heated drying. In a further aspect, the coating may be cured using means such
as conventional thermal, UV, or IR techmigues depending on the coating solution
formulation.  In a further aspect, the reverse osmosis membranes are exposed {0 a hight

sQuree, 1.o., uliraviolet (UV) hight m the range of from between 200 nm and 370 nn.

LN The resultant semi-permeable membrane can then be employved i a method of

purifying or separating various liquids, such as water. Such a method typically compriscs
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applying pressure {0 a water solution (€.2., a salt water solution) on the polymer matrix film

side of the membrane; and collecting purttied water on the other sude of the membrane.

3. PROPERTIFES OF MEMBRANES

(G081 ] In various aspects, the disclosed membranes can have various properties that
provide the superior function of the membranes, mcluding excellent tlux, umproved
hydrophilicity, mmproved resistance o fouling, higher porosity, tunable surface charge
properties, improved salt rejection, and higher thermal stability, It 18 also understooed that the

moentbranes have other propertics.

{3082 ] In various aspects, the membrane can have a contact angle of less than about 70°,
in a further aspect, the membrane can have a contact angle of less than about 60°. In a sull
turther aspect, the membrane can have a contact angle of less than about 50°. In yet a further
aspect, the membrane can have g contact angle of less than about 40° Such mombrane will

have a high resistance of fouling,

LR In various aspects, the membrane exhibiis a salt rejection of at least about 60%.
In a fhurther aspect, the membrane exhubits a salt rerection of at least about 70%. In a still
turther aspect, the mombrane cxhibits a salt rejection of at least about 80%. In yet a further

aspect, the membrane exhibits a salt rejection of at least about 98%.

3384 In various aspects, the membrane exhibits a salt rejection of at least about 90% for
at least about 1 howur. In a turther aspect, the membrane exhibits a salt rejection of at least
about V0% for at least about 2 hours. In a still further aspect, the membrane cxhibits a salt
rejection of at least about 90% {for at least about 3 hours. In vyet a further aspect, the

membrane exhibits a salf reyection of at least about 90% for at least about 4 hours.

{GOB5] tn a further aspect, the membrane exhnbits an mprovement in at least one property
selocted from reswstance to touling, hydrophohicity, surtace charge, salf rejection, and
roughness. In a still further aspect, the membrane demonstrates an umprovement in at least
one property selected from resistance to fouhng, salt rejection, and hydrophihicity. In yet a
further aspect, the membrane demonstrates an wmprovernent m resistance to fouling., In an
cven further aspect, the mombrane demonstrates an wmprovement m hydrophuicity. In a still
further aspect, the membrane domonstrates an mmprovement in surface charge. In yel a
further aspect, the membrane demonstrates an ymprovement 1o roughness. In an even further

aspect, the membrane domonsirates 4an iraprovement 1o salt rejection.
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L. COMPOUNDS

3861 In one aspect, the mvention relates to residues of compounds uschul for moditying
thin-filmn membranes comprising a surface. In a turther aspect, the residue of a2 compound
comprises an anfi-mucrobial agent.  Exaroples of antt-mcrobial agents include, but are not

limited (o, quaternary anumonium salts and {ertiary amines.

G087 ] in one aspect, the mvention relaies to compounds usetul for moditying thin-film

membranes comprising a surface.

(U881 fn various aspects, the compound comprises an azide functionahity. In a further
aspect, the compound comprises a pertluorophenyl azide functionality. Without wishing 1o
be bound by theory, perfluorophenyl azides can react with a variety of substrates upon

cxposure to wradation {(Scheme 1.

SCHEME 1§,

Heat
or hv

R1a
R%2 A
R'2 L
2
R N-:"N R']b
R2b
N3 R1b
RZb
1.2

-
N R2b Heat N R1b
R2b or hv R2b
1.1 H 1.3
/N\
Heat
or hv R'a
R2a A\
| L
/N“N R1b
H R2b
1.4

LIRSS Thus, m varnous aspects, the residue of a compound can be bonded with the

surface of the thin-{ilm membrane. Bonding can inciude, tor example, coating the surface
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with the residue of a compound. In a further aspect, coating comprises spray coating, In a

still further aspect, coating comprises dip-coating (Scheme 1.

SCHEME B
R1a
R1a Rza A
. . L
R A Dip coating
—_—————- R1b
N RZb hv polymeric R2b
22b surface
1.1 2.1
3G90 fn a turther aspect, bonding comprises cxposimg the membrane to a heat source.

in a st further aspect, the heat source comprises a stream of hot air, an oven, or an IR lamp,

In yet a turther aspect, the temperature of the heat source 18 at least about 100 °C.

({891 ] In a further aspect, bonding comprises exposmg the membrane 1o a hight source.
in a still further aspect, the hight source comprises UV light, In vet g further aspect, the hight
source comprises UV hight 1n the range of from between 200 nm and 370 nm. In an cven
turther aspect, bonding comprises coating the polyraenic surface with the at least one residue

of a compound and exposing the surface to a ight source.

Lt In a further aspect, bonding comprises a covalent modification. In a still further

aspect, bonding comprises a photochemcal modification.

{30931 In various aspects, the residue of a compound comprises a radical specigs. In a
further aspect, the radical species 18 a singlet mutrene.  In a stidi further aspect, the residue of a
compound can be bonded with the surface, whercin bonding comprises singlet nurene

msertion.

B, STRUCTURE

LHIEY fn one aspect, the wnvention relates to at least one residue of a compound having a
structure represented by a tormula:

R1a

R2a A R
L

N3 R’l b
RZb

20
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wherein A 18 selected from —{(=0p~ and —{SO, )}~ wherein L 18 selected from ~0Q, -0,
e 2 I . . ~ | 4 PP
—N RHQ and —NRQ; wherein Q 1s selected from hydrogen, a hydrophihic polymer, and a

structure represented by a formula:

¢

R R5b

YZ m R
R4a R4b

wherein 72 18 selected firom —C Rf’aRf'b . —C (=0, —C{=NH}r—, and —({ :N'H}NR?"-;
wherein m is an integer selected from 0, 1, 2, 3, 4. 5. 6, 7, and &; wherein each of R™ and R

is independently selected hydrogen and halogen; wherein each of R™ and R™ is halogen;
wherein R°, when present, is selected from hydrogen and C1-C4 alkyl; wherein each of R™
and R™, when present, is independently selected from hvdrogen, halogen, —CN, —OH,
—NR¥R®® —NR¥R™ H', C1-04 alkyl, C1-C4 monohaloalkyl, C1-U4 polvhaloalkyl, —SOx
mSOgRg, ~{_(35", and ~— OgR wherein each of R R*Sb,, and R° is mdependently selected
from hvdrogen, halogen, —CN, —OH, —NR"™R'™ —NRYR™ H' C1-C4 alkyl, C1-C4
monohaloaliyi, C1-C4 polvhaloalkyi, -850y, -mSO_gR"' b0y, and —CO,RY wherein each

FOh

of R™ and R®®, when present, is independently selected hydrogen, halogen, —UN, —OH,
o 128y, 121 o122y 126 pt g ot S o
—NR R, —=NR7R H, C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polvhaloalkyl,
—80:, —SO;R", —C0y, and —CO,R’; wherein R, when present, is selected from hydrogen
and C1-C4 alkyl, wheremn R when present, 18 selected from hydrogen and Ci-C4 alkyl;
wherein R, when present, is selected from hydrogen and C1-C4 alkvl: wherein R, when
present, 18 selected from hydrogen and C1-C4 alkyl, wherein R, when present, 15 selected

trom hydrogen and C1-C4 alloyl; wherein R'Y when present, 18 selected from hydrogen and

. , ¢ 13 . . - A . ~ .
C1-C4 alkyl: and wherein R', when present, is selected from hydrogen and C1-C4 alkyl.

{309 5] In a turther aspect, the residue of a compound has a structure selected from:
H
A. Cl A
L L
N5 H  Ns Cl  Nj H
- | Cl | Cl
H H H
F A Cl A | A
N Cl  Nj F Nj Cl
z | o F ,

21
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Cl

Cl
3096} In a still turther aspect, the residue of a8 compound has a structure represented by a

F
F A
L
N F
F

LHU In a turther aspect, the residue of a compound has a structure selected from:

o
3

, and

formula:

R‘Ia R1 R1a
23 2a 2a 2a H
R A.LO R Q R R Al Q
O N®
3
N5 R™ Nz N5 R“R
R2b :’ R2 _an d R2b
{GOUS] tn a still turther aspect, the residue of a8 compound has a structure represented by a
tormula:
R1a
RZa A\
O@
N3 R'®
R2b

{3399 in yet a turther aspect, the residue of a compound has a structure sclected from:

R1a R1a R1a ’
R42 A O,Q R42 A.,N,Q R42 A\I{],Q
. ND
3 3
N3 R1b N3 R1kR N3 R1B
R2P , R2P ,and R2P

{30100]  In an even further aspect, the residue of a compound has a structure selected from:

2
L
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1a R'la
R42 A. _H R% A. _H A,,'ﬂ H
O \ N
3 3
N3 R1b N3 R'IB
R2b R2b

(G610  In a further aspect, the residuce of a compound has a structure selected trom:

1a R1a
R2a A . RZa A ,
0 Q N Q
3
N3 R1b N3 R“B R1B
R2b | R2b 5 ?ind

wheremn Q 1s a hydrophilic polymer.

{G8102]  In a further aspect, the residue of 2 compound has g structure selected from:

R 1a RSC R 1a RSC
R5b R5b
R%2 A Z R%2 A Z
R4a R4b R3 R4a R4b
N ; R1 b N3 R1 b
R2b R2b
R1 a RSC
2a H R
R A L
5 N -~ RSa
R3 R4a R4b
N3 R1 b
and R

301031 In a further aspect, the mvention relates 1o at feast one residue of a compound
comprising a singlet nitrene. In a still further aspect, the at least one residue of a compound
has a structure represented by a {ormula:

R1a

R2a A X
L

N R'lb
R2b
wherein A s sclected from —~C(=0 ) and (50, wherein L 18 selected from —0Q), —0,
AT 3v T T 3N, , "
—N RHQ and —NR7Q; wherem Q 15 sclected from hvdrogen, a hvdrophilic polymer, and a

structure represented by a tormula:
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¢
R R5b
YZ%R“
R

43 R4b

N
.’

< % S B ~yy Oagy Ob N/
wherein 7 18 selected from —CR™R™—, —C(=0)—,

PCT/US2014/017738

—{{=NH)—, and —C{=NH)NR'—:

wherein m is an integer selected from 0, 1, 2, 3, 4, 5, 6, 7, and 8; wherein each of R™® and R
is independently selected hydrogen and halogen; wherein each of R* and R® is halogen:
wherein R’, when present, is sclected from hydrogen and C1-C4 alkvl; wherein each of R™
and R™, when present, is independently sclected from hydrogen, halogen, —CN, —OH,
~NRPRY —NR™R™H', C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polyhaloalkyl, =8Oy,
—~SO:R”, —COy, and —CCHR”: wherein each of R™® Rﬁb, and R™° s mdependently selected
from hydrogen, halogen, —CN, —OH, —NR'“R'™ —NR'¥™R'™ H', C1-C4 atkyvi, C1-C4
monohaloalkyl, C1-C4 polyhaloalkyl, —S05, —SORY . —CO,, and —CO,RY: wherein each
of R™ and R™, when present, is independently selected hydrogen, halogen, —CN, —OH,

L 34

—NR PR —NRRMY BT C1-C4 alkyi, Cl-C4 monohaloalkyl, C1-C4 polvhaloalkyi,

—80;, —S(xR7, —CO,, and —CO,R"Y; wherein R, when present, is selected from hydrogen
and C1-C4 alkyl: wherein R®, when present, is selected from hydrogen and C1-C4 alkvi:
wherein R”, when present, is selected from hydrogen and C1-C4 alkyl; wherein R'Y, when
present, is selected from hydrogen and C1-C4 alkyl; wherein R, when present, is selected

' when present, is selected from hydrogen and

from hydrogen and C1-C4 alkyl; wherein R
C1-C4 alkvl; and wherein R, when present, is selected from hydrogen and C1-C4 alkyl. In
vet a turther aspect, the singlet nmitrenc s formed via activation of an azide, In an cven turther

aspect, activation 1s photoactivation.

{68104]  In yet a {urther aspect, the residue of a compound has a structure selected from:

H H H H H

F A.,L F A‘L Cl A“L Cl A“L F A‘L

N H N F NjEl;[H i\]]ijim N]@:H
F | F o | o | o
H H H H H

F A..L F A..,L F A\L Cl A‘L Cl A‘L

N cl N F N Cl N F N CI
F . Cl . Cl | C | F |
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H F Cl F F
F A
Cl A, F A, Cl A, F Al °
N F N F N Cl N cl N F
F F | Cl 9 F Cl
Cl Cl F
Cl A, C AL F AL
N F N Cl N Cl
Cl ﬂ = and Cl

{G0105] In an cven turther aspect, the resudue of a compound has a structure represented

F
F A
N F
F

{38106}  In onc aspect, the mnvention relates 1o a compound having a structure represented

R1a
R<@ A
L
N3 R'l b
R2b

wherein m 1s an integer selected from 0, 1, 2, 3, 4, 5, 6, 7, and &; wherein A s selected from

by a formula:

by a tormula:

(=0 and —{SO,— and L 18 —~0Q, or wherein A 18 —{(SO))— and L 1s selected from
—0OO and —NR'Q: wherein Q is sclected from hydrogen, a hydrophilic polymer, and 3

ke

4a R4b

structure represented by a formula:

wherein Z is selected from —CR™R— —({=0— —C=NH}— and —CENHINR —
wherein each of ' and R'" is independently selected hydrogeﬁ and halogen; wheremn cach of
R™ and R™ is halogen; wherein R, when present, is selected from hydrogen and C1-C4
allyl; wherein cach of R™ and R™, when present, is independently selected from hvdrogen,

halogen, —CN, —OH, —NR™R™, —NR™R™ H', C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4
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polvhaloalyl, =80, —SO:R”, —CO5, and —CO,R”: wherein each of R, R’", and R is
independently selected from hydrogen, halogen, —CN, —OH, —NR'"™R'"" —NR'"R'™ 1,
C1-C4 alkyl, C1-C4 monohaloalkyl, C1-C4 polyhaloalkyl, —SOy, —SO.RY, —CO,y', and
—{0,R'Y: wherein cach of R* and R®, when present, is independently selected hvdrogen,
halogen, —UN, —(3H, ~NRMPRMP NRPRMYPHT C1-C4 alicyl, C1-C4 monohaloalkyl, -
4 polvhaloalkyl, —804, -SSRV, —C05, and —CG,RY: wherein R’, when present, 18
selected from hydrogen and C1-C4 alkyl; wherein R°, when present, is selected from
hydrogen and C1-C4 alkyl; wherein R°, when present, is selected from hydrogen and C1-C4
alkyl: wherein R, when present, is selected from hydrogen and C1-C4 alkvl wherein R

when present, is selected from bydrogen and C1-C4 alkyvl; wherein R, when present, is
selected from hydrogen and C1-C4 alkyl: and wherein R, when present, is selected from

hydrogen and C1-C4 alkyl.

681071 1o a further aspect, a compound has a structure selected from:

A (><)J< wk
4a R4b R4a R4b

and

[GG108] 1o a sull further aspect, a compound has a structure represented by a formula:

R1

2a
R \/

N3
R2b

[66109]  In yet a turther aspect, a compound has a structure selected from:

H R5C H R5C H R5C
R5b R5b R5b
F A V4 F A Z Cl A /
\O/ R5a \O/ . R5a \O/ m R5a
R R R4a  R4b Rda’ R4
N H N; F N H
F . F Cl 5
H R5C i H RSC H R5C
RS R5b R5b
| A /
C ~ <o © Ay o Ay o
R4a R4b R4a R4b R4a R4b
N cl N H N Cl
Cl : F , F ,

3 £
A
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oC 5¢ oC
i R5b " R R5b A X R5b
A\O/Z g Cl A\O/Z N g Cl A\O/Z s
R*@ R R4a  RA4b Rda’ R4b
F N3 Cl N5 F
: F 5 Cl 9
R5C H RSC F R5C
R5b F . , R5b R5b
A\O/Z . R5a \o/ m R5a 3 A\O/ z m R5a
R4a R4b R4a R4b R4a R4b
F N3 Cl N3 ]
Cl F
v, b
RSC 5¢C F RSC
| _ b h R R5b R5b
A\O/d g F A\O/Z g F A\O/Z "N Rea
Rﬂ}a R‘db R4a R4b R4a R4b
Cl N5 Cl N- F
F Cl
2 b %
i e Cl R>¢
R0 R5b
Ci A Z _ Cl A Z
\O/ o TR \O/ m R5a
ds’ @Ah R4a  R4b
N = N- Cl
ot _, F , and
F R>®
R5b
F A\O Lz N g
R4a  R4b
N5 Cl
Cl
In an even further aspect, a compound has a structure represented by a formula;
F R°¢
R5b
F A\O Z N s
R4a R4b
N3 F
F

In a further aspect, a compound has a structure represented by a formula:

R1a R5C
R5b
R A 7
\N/ M Rsa
R® R4a” R4b
N3 R'lb
R2b

In a stall further aspect, a compound has a structure sclected from;
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N3
Cl Cl F
3 5
H RSC H RSC H RSC
R5b R5b RSb
F A\N/Z%Rsa Cl A\N/Z%R“ Cl Ay s
R3 R4a R4b R3 R4a R4b R3 R4a R4b
N3 F N3 F N3 F
Cl 9 - ,, Cl
H R™ H R>° - F RS
R R
Cl A\N/Z%R%l F A\N/Z%Rsa F A\N/Z%Rsa
R® R#a” R R® pea” R4b R3 p4a” R4b
N Cl N5 Cl N F
F CI F
9 3 5
i 2 F R°C F R°¢

i )
013 ==
C o
/
97
A N
ai
s
5 3 |
o L
(4 (V)]
M o
Z
O >
/
%2
7% N
"l§
& 3
py B v
N N
AN} O
Z
T >
/
0%
3% N
Py
& 3
0 T
N o
40 O

{ F Cl
* 2
Ci R Cl R>¢
[R50 R5b
Ch A Z Cl A Z
\’.j/ m RO® \N/ %Rsa
R* paa’ Rib R® p4a” RAb
N = N Cl
Ci ) F , and
F R>®
R5b
F A V4
SN %Rf’a
R3 p4a” R4b
N Cl
Cl

[G8113] In yet a turther aspect, a compound has a structure represented by a formula;
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-
r A w]( o
R4a R4b
N3 F
F ,

13831141 In a further aspect, a compound has a structure selected tfrom:

R1
QMO
m R5a m RSa
4a R4b 48 R4b
3
5 R2b , and
R1a RSC
b
R Qg’ Z R
N, 53
b m R
R3 R4a R4b
N3 R'Ib
RZb

1601151 In asull further aspect, a compound has 4 structure selected from:

F O R 5b F R 5b
F vi A F Q‘EP 7 A
o/ m RSa \O/ m R5a
R4a R4b R4a R4b
N3 F N3 F
F , F , and

F [Q5c
Q0 R5b
R% g4’ Rab
N4 F
F :

1301161  In a further aspect, a compound has a structure selected tron

1a 5c 1a 5¢

R O RSa R6b R R5b i NH i R5b

R2a RZa
O m R5a m RSa O m RSa
R4 R4 R4a. R4b R4a’ R4b

N4 R22 N

R2b R2b

. 5 7
R1 a

and R2P

160117 In asull further aspect, a compound has a structure selected from:

24
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S5c 5¢ 5¢
QO Rfa R6b i R5b " O O R R5b " O NH i R5b
F F F
O m R O m R O m R
R4a R4b R4a R4b R4a R4b
N3 F N3 F N3 F
F F F
Y, 5
E O NH Rr4a R4b
F )J\ RSC
O N 5h
| m
RT RSB
N4 F
and F ,

1301181  In a further aspect, a compound has a structure selected trony

1a Sc 1a 5¢ 1a 5¢C
O R6a RGP R OO O R R5b i O O NH i R5b
¢0 X/ N
RZa R2a S\ RZa S\
m RSa O m R5a O m RSa
48 R4b R4a R4b R4a R4b
N5 N5 R?2 N R22
R2b R2b R2b
" 5 3
@ NH p4 4b R1a 6 6b >
a a
o L X UMY e me L RN
R ~ RSC R S\ 55
O N m 55b N m R
R7 RS R3 R4a R4b
N3 RZa N3 R28
R2b R2b
1a 5¢
R O O R RS5b
R22 s
™~ ba
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