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FLUORESCENT LABELED INHIBITORS role in the control of host lipid breakdown and ILI con 
sumption during infection is documented , the molecular 

CROSS REFERENCE TO RELATED mechanisms involved in these processes remain elusive . 
APPLICATIONS Recently , these enzymes have become mycobacterial drug 

5 targets ( Canaan and others ) . Sb - d Accordingly , finding ways 
This application is a 35 U . S . C . § 371 National Phase to inhibit their activity could pave the way for discovery of 

Application of International Patent Application No . PCT new modalities for the treatment of TB as well as potentially 
US2015 / 017137 , filed Feb . 23 , 2015 , and incorporated other uses . 
herein by reference in its entirety , which claims the benefit Phosphorus fluorides [ RP ( O ) F ( OR ) ] such as DIFP [ ( iPro ) 
of U . S . Provisional Application No . 61 / 966 , 363 filed Feb . 10 2P ( O ) F ) ] have become important tools in investigating 
21 , 2014 which is hereby incorporated herein by reference serine hydrolase biochemistry . However , they are very reac in its entirety . tive which makes them unstable in aqueous solution and 

somewhat promiscuous in their interaction with enzymes . FIELD OF THE INVENTION None - the - less , several very useful affinity probes based on 

The present invention relates to affinity probes and in phosphorus fluorides have been developed . 18 Phenyl phos 
some aspects more specifically to a series of fluorescently phonate esters [ RP ( O ) ( OPh ) 2 ] are another example of irre 
labeled phosphonate - and phosphate - based enzyme inhibi versible hydrolase inhibitor . 19 They are somewhat less reac 
tors including lipase inhibitors and methods of their produc tive than the fluorides , although the reactivity can be tuned 
tion and application in sensing and detecting enzymes from 20 by substituents on the phenyl leaving group ( e . g . , NO2 ) . Due 
organisms such as bacteria . to the relatively simple structure of such inhibitors [ R — P 

( O ) X ( OR ) , X = F or OAr ) structural modifications for SAR 
BACKGROUND can be somewhat limited . Other M . tb lipase inhibitors are 

derivatives of the B - lactone anti - obesity drug Orlistat . They 
Mycobacterium tuberculosis ( M . tb ) is a global public 25 are , in some cases potent , but can be less non - specific . 

health challenge . In 2012 , the World Health Organization 
( WHO ) reported 8 . 6 million new cases and 1 . 3 million SUMMARY 
deaths caused by M . tb . Tuberculosis ( TB ) is the most deadly 
infectious disease worldwide and remains a challenge , espe Provided herein are compounds and the design , synthesis , 
cially in sub Saharan Africa , Russia and Eastern Europe . The 30 and use of such compounds that specifically inhibit the 
emergence of multiple drug resistant ( MDR ) and extensively activity of enzymes . 
drug resistant ( XDR ) strains with the high number of HIV One aspect is directed to a compound comprising a cyclic cases highlight the pressing need for novel therapeutic enolphosphonate or a cyclic enolphosphate attached to a approaches . 2a fluorescent label . In 2013 , Zumla et al . reported that " no new TB drug 35 In certain embodiments , the compound has the structure : classes have been developed or approved for drug suscep 
tible TB since the current 6 - month four - drug combination 
was introduced in the 1970s . 92€ However , it was also stated 
that “ significant effort is being invested in drug development 
for drug susceptible TB ” and that " there is growing aware - 40 
ness of the need for drugs that can kill M . tuberculosis in its 
different physiological states . " 2c Many of the promising new 
molecules in development are either repurposed drug com RO X 
pounds or new derivatives of known anti - mycobacterial 
drugs . 2c - e Moreover , many of these ( new ) drugs specifically 45 
target the cell wall biosynthesis , but none are reported to 
target intracellular lipid metabolism . wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 

Primo - infection with M . tb leads to the formation of aryl ; wherein R ' is any of C1 to C20 ; wherein X is O or CH2 ; 
granulomas in the lung , where some of the infected macro and wherein Y is a fluorescent label . In certain embodiments , 
phages accumulate lipids in lipid bodies ( LB ) giving the 50 R ' is a methyl group . In certain specific embodiments , n is 
cells a foamy appearance . In such foamy macrophages 7 . In certain specific embodiments , X is O . In certain specific 
( FM ) , bacilli accumulate lipids and can persist in a non - embodiments , X is CH , . In certain embodiments , the com 
replicating state for decades , but can also be reactivated to pound has the structure : 
cause acute disease . A better understanding of how bacilli 
persist inside lipid - rich FM is needed to find new ways to 55 
fight the disease . To persist inside the FM , M . tb hydrolyzes 
host lipids into fatty acids that are reused as lipid reserves 
within intracytoplasmic lipid inclusions ( ILI ) . Recent results 
suggest a direct link between the presence of ILI in myco 
bacteria and their inability to divide . The latter may be of 60 
central importance for mycobacterial persistence within 
granulomas . Over the past ten years , lipolytic enzymes , 
which are responsible for the release of long - chain fatty 
acids , have become a focus of research . Sa These enzymes , 
strongly involved in the host - pathogen cross - talk , play sev - 65 wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
eral roles in the physiopathology of the disease during both aryl ; wherein R ' is any of C1 to C20 ; wherein X is O or CH2 ; 
the active and persistent phases of infection . Although their and wherein Y is a fluorescent label . In certain embodiments , 

0 . V OMe Me 

O 
OMe = 

- X 
Y - NH 
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In certain embodiments , the compound has the structure : 

RO 

R ' is a methyl group . In certain specific embodiments , n is 
9 . In certain specific embodiments , X is O . In certain specific 
embodiments , X is CH . 

In certain embodiments of a compound disclosed herein , 
the fluorescent label is nitrobenzo - 2 - oxa - 1 , 3 - diazole ( NBD ) 
or the fluorescent label is a dansyl group . 

In certain embodiments , the compound has the structure : 

O2N . 
OMe Hunde ?? 

10 10 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; wherein R ' is C1 to C20 ; and wherein X is O or CH , . 
In certain embodiments , the compound has the structure : Y OMe OME 

NO 15 
RO X 

TOMe 

NH 
wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 20 
aryl ; wherein R ' is any one of C1 to C20 ; and wherein X is 
O or CH2 . In certain embodiments , the compound has the 
structure : ON 

uti D 25 wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . In certain embodiments , 
the compound has the structure : o meni inayoendant 

OMe xohen edhe VNO2 30 

RO X 
OMe 

NH 

ON wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 35 
aryl ; and wherein X is O or CH2 . In certain embodiments , 
the compound has the structure : 

wherein n is any of 1 to 20 and wherein X is O or CH , . In 
certain specific embodiments of a compound disclosed 
herein , n is 9 . Thus , in certain embodiments , the compound 
has the structure : 

OMe 
NO XÀ S Me X 45 45 ON 021 

OMe H 

NH 

ON wherein n is any of 1 to 20 and wherein X is O or CH2 . In 
certain specific embodiments of a compound disclosed 50 
herein , n is 7 . Thus , in certain embodiments , the compound 
has the structure : 

wherein X is O or CH . . In certain specific embodiments of 
a compound disclosed herein , X is O and in certain other 
specific embodiments of a compound disclosed herein , X is 
CH , 

In certain embodiments , the compound has the structure : 55 

OMe 

NO2 Meo 
60 60 

? OMe 

NH wherein X is O or CH2 . In certain specific embodiments of 
a compound disclosed herein , X is O and in certain other 65 
specific embodiments of a compound disclosed herein , X is 
CH 

OO 
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wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; R ' is C1 to C20 ; and wherein X is O or CH2 . In certain 
embodiments , the compound has the structure : O2N 

OMe 

NH R 

ON 
OMe TOM OR 

R \ 
n 

10 wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . In certain embodiments , 
the compound has the structure : 

15 

OMe 

tin ng 
Sante 
Xott 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . In certain embodiments , 
the compound has the structure : NH 

20 ON 

LO TOMe 
wherein n is any of 1 to 20 and wherein X is O or CH2 . In 
certain specific embodiments of a compound disclosed 

25 herein , n is 9 . Thus , in certain embodiments , the compound 
has the structure : Meo 

NH 

30 
" OMe 

O = a = O stw _ NPH?g ze wherein n is any of 1 to 20 and wherein X is O or CH2 . In 
certain specific embodiments of a compound disclosed 
herein , n is 7 . Thus , in certain embodiments , the compound MeN 
has the structure : 

htgel NI 

wherein X is O or CH , . In certain specific embodiments of 
a compound disclosed herein , X is O and in certain other 

40 specific embodiments of a compound disclosed herein , X is 
Me CH , 

In certain embodiments , a compound disclosed herein 
Med inhibits a lipase . In certain embodiments , the lipase is a 

mycobacterial lipase . 
In certain embodiments , a compound disclosed herein 

covalently binds to an active site serine residue of an 
enzyme . In certain embodiments , the enzyme is a lipase . In 
certain embodiments , the enzyme is a mycobacterial lipase . 

Another aspect of the invention provides for methods of 
wherein X is O or CH , . In certain specific embodiments of inhibiting an enzyme . In certain embodiments , the method 
a compound disclosed herein , X is O and in certain other 50 comprises contacting the enzyme with a compound dis 
specific embodiments of a compound disclosed herein , X is closed herein . In certain specific embodiments , the enzyme 
CH . comprises an active site serine residue . In certain specific 

embodiments , the enzyme is a lipase . In certain specific In certain embodiments , the compound has the structure : embodiments , the enzyme is a mycobacterial lipase . 
55 Another aspect of the invention provides for detecting an 

enzyme . In certain embodiments , the method comprises 
contacting the enzyme with a compound disclosed herein to 
covalently link the compound to the enzyme and visualizing 

Y OMe OM the fluorescent label of the compound . In certain embodi 
ments , the enzyme comprises an active site serine residue . In 

ANH . certain embodiments , the enzyme is a lipase . In certain 
embodiments , the enzyme is a mycobacterial lipase . 

BRIEF DESCRIPTION OF THE 
DRAWINGS / FIGURES 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 65 
aryl ; R ' is C1 to C20 ; and wherein X is O or CH2 . In certain FIG . 1 shows Cyclophostin and the structurally related 
embodiments , the compound has the structure : Cyclipostins . 

ON 

ON 
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de 
FIG . 2 shows potential modifications to Cyclophostin . The present disclosure provides for compounds and the 
FIG . 3 shows Cyclophostin , Cyclipostins , and their phos design and synthesis of compounds that specifically inhibit 

phate and phosphonate analogs . the activity of enzymes . In certain embodiments , the enzyme 
FIG . 4 shows synthesis Scheme 1 of the disclosure . is a hydrolase . In certain embodiments , the enzymes contain 
FIG . 5 shows synthesis Scheme 2 of the disclosure . 5 a serine residue in the enzyme active site ( e . g . , serine 
FIG . 6 shows synthesis Scheme 3 of the disclosure . lipases ) , referred to herein as an “ active site serine ” residue . 
FIG . 7 shows synthesis Scheme 4 of the disclosure . In certain specific embodiments , the enzyme is a lipase , such 
FIG . 8 shows synthesis Scheme 5 of the disclosure . as a microbial lipase , for example , the microbial enzyme is 

FIG . 9 shows synthesis Scheme 6 of the disclosure . a mycobacterial lipase . In certain embodiments , such com 
FIG . 10 shows synthesis Scheme 7 of the disclosure . 10 pounds specifically inhibit enzyme activity with only mod 

erate , or with minimal , or without any cytotoxicity effect to FIG . 11 shows synthesis Scheme 8 of the disclosure . a cell or to an organism . FIG . 12 shows a mechanism of affinity probe attachment The present disclosure also provides for methods of to an enzyme with an active site serine residue . detecting an enzyme , such as detecting a lipase including 
FIG . 13 shows labelling of Lipy with a fluorescently 15 microbial lipases . Detection may be achieved with numer 

labelled probe . ous protocols known to those of ordinary skill in the art such 
as including a tag that is or can be visualized . In certain 

DETAILED DESCRIPTION embodiments , the method of detection is via fluorescence . In 
particular embodiments , a fluorescent tag can be introduced 

To the extent necessary to provide descriptive support , the 20 either at the phosphorus atom or at the C - 5 carbon atom of 
subject matter and / or text of the appended claims is incor - certain structures provided herein . Such labeled compounds , 
porated herein by reference in their entirety . It will be when coupled with proteomic analysis , are contemplated to 
understood by all readers of this written description that the be powerful probes to identify - via for example 2D gel 
exemplary embodiments described and claimed herein may electrophoresis - mycobacterial proteins that react with the 
be suitably practiced in the absence of any recited feature , 25 inhibitors . Thus , such compounds may be of value for 
element or step that is , or is not , specifically disclosed understanding not only the molecular mechanisms involved 
herein . in catalytic activities , such as lipase catalytic activity , but 

Throughout this disclosure , the term “ a ” or “ an ” entity also for exploring associated physiological lipid pathways 
refers to one or more of that entity ; for example , " a com - and sensing and detecting enzymes and / or organisms con 
pound , ” is understood to represent one or more compounds . 30 taining those enzymes . 
As such , the terms “ a ” ( or " an " ) , " one or more , ” and “ at least Cyclophostin ( FIG . 1 : la ) was previously isolated from 
one " can be used interchangeably herein . Streptomyces lavendulae ( strain NK 901093 ) . Cyclophostin 

Furthermore , “ and / or ” where used herein is to be taken as showed extremely potent inhibitory activity against housefly 
specific disclosure of each of the two specified features or acetylcholinesterase ( AChE ) with an IC50 of 0 . 76 nM . It is 
components with or without the other . Thus , the term 35 characterized by a unique cyclic phosphate triester fused to 
" and / or ” as used in a phrase such as “ A and / or B ” herein is a lactone ring . The bicyclic core also contains a unique 
intended to include “ A and B , ” “ A or B , ” “ A ” ( alone ) , and vinylogous phosphate carbonic anhydride and chiral centers 
“ B ” ( alone ) . Likewise , the term “ and / or ” as used in a phrase at both phosphorus and C - 3a carbon atom . A series of 
such as “ A , B , and / or C ” is intended to encompass each of structurally related natural products named the Cyclipostins 
the following aspects : A , B , and C ; A , B , or C ; A or C ; A or 40 ( 10 - 1 ) were isolated from fermentation broths of Streptomy 
B ; B or C ; A and C ; A and B ; B and C ; A ( alone ) ; B ( alone ) ; ces sp . DSM 13381 . 7 . The members of the Cyclipostins 
and C ( alone ) . family vary in the structure of the lipophilic chain attached 

It is understood that wherever aspects are described herein to the phosphate ester . Many members of this family possess 
with the language " comprising , ” otherwise analogous strong inhibitory activity against hormone - sensitive lipase 
aspects described in terms of " consisting of ” and / or " con - 45 ( HSL ) with IC50 values in the nanomolar range . The change 
sisting essentially of " are also provided . from C16 alkyl to methyl phosphate switches selectivity 

Unless defined otherwise , all technical and scientific from potent HSL inhibitor to potent AChE inhibitor , with 
terms used herein have the same meaning as commonly little affinity for the other enzyme . 
understood by one of ordinary skill in the art to whom this The lipophilic Cyclipostins have also been shown to block 
disclosure is directed . Numeric ranges are inclusive of the 50 lipolysis in intact rat adipocytes by direct inhibition of 
numbers defining the range . hormone - sensitive lipase ( HSL ) . ' ' A comparison of cell free 

All methods described herein can be performed in any and whole cell activity showed that the Cyclophostin are 
suitable order unless otherwise indicated herein . efficiently transported into the cell . Further studies also 
No language or terminology in this specification should showed that Cyclipostins possess antimycobacterial activity . 

be construed as indicating any non - claimed element as 55 Modifications can be introduced ( FIG . 2 : X , Y , Z , R ' , R² , 
essential or critical . R and R4 ) to tailor specificity for a particular enzyme . This 

Recitation of ranges of values herein are merely intended allows for the synthesis of a large variety of fully customi 
to serve as a shorthand method of referring individually to zable monocyclic enolphosphonates substituted at the C - 5 
each separate value falling within the range , unless other carbon position ( R3 group ) . Furthermore , the methyl phos 
wise indicated herein , and each separate value is incorpo - 60 phonate and phosphates esters can be trans - esterified to give 
rated into the specification as if it were individually recited long chain ester compounds ( ZR chains , Z = 0 ) analogous to 
herein . Where a specific range of values is provided , it is Cyclipostins . 
understood that each intervening value is intended to be The total synthesis of the racemic Cyclophostin ( la , b ) , 
included therein , and all smaller subranges are also included . Cyclipostins ( 1g , 1m ) , and their phosphate ( 3c ) and phos 

The headings provided herein are not limitations of the 65 phonate ( 2a - 1 & 3a - b ) analogs have been reported10 - 13 ( FIG . 
various aspects of the disclosure , which can be had by 3 ) . Diastereomeric cis - and trans - monocyclic enolphospho 
reference to the specification as a whole . nate analogs ( 2b - h ) were previously screened against rep 

nu 
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1 . 2 

24 . 4 

resentative lipolytic enzymes belonging to distinct lipase be detected and quantified on the basis of the fluorescent 
families . 12 None of these enolphosphonates inhibited mam - signal . 25 Fluorescently labeled phosphonates have proven 
malian gastric and pancreatic lipases . However , Fusarium useful as probes for sensitive and rapid detection of active 
solani Cutinase and lipases from M . tb ( Rv0183 and Lip Y ) proteins by one - or two - dimensional gel electrophoresis 
were all fully inactivated . The most potent inhibitors dis - 5 either in pure form or in complex proteome sample . 20 
played a cis conformation ( between H and OMe ) and Numerous fluorophores useful as fluorescent tags are known 
exhibited higher inhibitory activities than Orlistat , used as by those of ordinary skill in the art that can be used to label 
reference inhibitor , towards the same enzymes ( Table 1 ) . compounds disclosed herein . Representative examples of 

fluorophores for fluorescently labeling compounds include 
TABLE 1 the nitrobenzo - 2 - oxa - 1 , 3 - diazole ( NBD ) fluorophore ( exci 

Enzyme inhibition data 2 , 13 and antibacterial activities of the most tation / emission maxima at 470 / 530 nm ) and the dansyl 
active Cyclipostins & Cyclophostin analogs . group . In certain embodiments , the inhibitors 1g ( B ) , 2d ( a ) , 

Extracellular Intracellular 2e ( a , b ) , 2f ( a , b ) and 3c are fluorescently tagged . 
LipY Rv0183 growth macrophage growth 15 In certain aspects , cross - metathesis reaction between the 

fluorescently labeled olefins ( 23a ) 28 and ( 23b ) and 1 - ( dime Compounds X1504 X150 IC50 ( UM ) IC50 ( UM ) CC50 ( UM ) thoxyphosphoryl ) allyl methyl carbonate ( 4a ) can produce 
Isoniazidd NA N / A 1 . 2 > 150 precursor carbonates ( 24a and 24b ) ( FIG . 9 : Scheme 6 ) . In 
Ethionamided N / A N / A 6 . 0 6 . 0 120 certain embodiments , a method of producing a compound Rifampind N / A N / A 0 . 01 2 . 9 24 
( + ) 2d ( a ) > 100 3 . 79 No effect 6 . 0 > 100 20 comprises one or more of the steps shown in Scheme 6 . 
( + ) 2e ( a ) 22 . 75 3 . 575 > 1000 4 . 00 > 100 In certain aspects , phthalimide protected amino enolphos ( 15 . 49 ) ( 1 . 249 ) 
( + ) 2 ( B ) 2 . 765 1 . 13b 15 - 20e 3 . 00 > 100 phonate ( 27 ) can be obtained in three additional steps from 

( 1 . 649 ) ( 1 . 169 ) ( 250 ) ( FIG . 10 : Scheme 7 ) . Phthalimide can be removed 
( + ) 2f ( a ) 6 . 14 2 . 44 30 - 50 4 . 0 > 100 25 using a two - step reaction sequence . Conversion of amine ( + ) 2f ( $ ) 3 . 46 5 . 23 > 100 10 . 0 > 20 
( + ) 1g ( a ) 0 . 50 ND No effect > 100 ( 28 ) to the dansyl amide ( 29b ) was successful and this 
( + ) 1m ( B ) 0 . 51 ND 1 . 6 No effect > 100 compound ( 29b ) was shown to react with Lipy giving an 
( + ) 3c 0 . 50 ND 0 . 5 No effect > 100 enzyme adduct that could observed by fluorescence on an 

electrophoresis gel ( FIG . 13 ) . Addition of the NBD group to 
Certain aspects of this disclosure provide for novel enol - 30 amine ( 28 ) resulted in the formation of ( 29a ) , albeit at low 

phosphonate and enolphosphate analogs of cyclophostin and yield . Although the NBD derivative ( 24a ) did not participate 
cyclipostins and for methods of their production and use . In in the palladium catalyzed substitution with methyl acetoac 
certain embodiments , these new compounds can be used as etate , both the dansyl and phthalimide protected compound 
lipase inhibitors , for example , microbial lipase inhibitors ( 24b and 24c ) ( FIG . 10 : Scheme 7 ) were reactive in the 
such as mycobacterial lipase inhibitors . In certain embodi - 35 palladium catalyzed substitution . In certain embodiments , a 
ments , for example when attached to a tag moiety , these new method of producing a compound comprises one or more of 
compounds can be used in the detection of lipase inhibitors , the steps shown in Scheme 7 . Certain embodiments provide 
for example , microbial lipase inhibitors such as mycobac - for a compound comprising the structure : 
terial lipase inhibitors . Certain compounds ( monocyclic 
phosphonates and phosphates ) are known inhibit Rv0183 40 
and Lip Y from M . tb . Furthermore , these compounds were 
shown to exhibit significant anti - mycobacterial activity 
either in culture or in infected macrophages ( Table 1 ) . OMe 
Certain monocyclic phosphonate analogs of 2 ( with addi 
tional variations in R ' ) and monocyclic phosphate analogs 45 Mel 
of compound 3c ( with variations in R ) are disclosed herein 
for the exploration of the structure activity relationship 
( SAR ) of these unique pharmacophores . 

Certain aspects of this disclosure provide for compounds , wherein n is any of 1 to 20 and wherein X is O or CH2 . In and methods of making and using them , that react with an 50 certain specific embodiments , X is CH2 . In certain specific active site serine residue of an enzyme to form a covalent embodiments , X is O . Certain embodiments provide for a link , such as illustrated in FIG . 12 . In certain embodiments , compound comprising the structure : the enzyme is a hydrolase . In certain embodiments , the 
enzyme is a lipase such as a microbial lipase such as a 
mycobacterial lipase . In embodiments where a fluorescent 55 
label ( also referred to interchangeably as a fluorescent tag or 
flurophore ) is utilized , the adduct formed ( e . g . , fluorescently 
labeled compound plus the enzyme ) can be visualized by 
fluorescence . Such compounds can be referred to as affinity - NO2 

Me probes . 60 
Certain aspects of this disclosure provide for fluorescent 

labeled monocyclic enolphosphorus inhibitors and methods 
of making and using them . The synthetic pathways devel 
oped for obtaining the various phosphonate inhibitors allow wherein X is O or CH2 . In certain specific embodiments , X 
for the introduction of a fluorescent tag suitable for the 65 is CH2 ( Scheme 7 : ( 29a ) NBD - 2e ( ? ) ) . In certain specific 
search for target enzymes . When fluorescently tagged inhibi - embodiments , X is O . Certain embodiments provide for a 
tors are used , the tagged enzyme becomes “ visible ” and can compound comprising the structure : 

m 

NO2 

NH 

OMe 

IZ 
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OMe OMe it in the 5 image Meo 
NH 

? NH 
ON 

10 
wherein X is O or CH2 . In certain specific embodiments , X 
is O ( Scheme 8 : ( 32 ) ) . In certain specific embodiments , X is 

wherein n is any of 1 to 20 and wherein X is O or CH2 . In CH2 . Certain embodiments provide for a compound com 
certain specific embodiments , X is CH2 . In certain specific prising the structure : 
embodiments , X is O . Certain embodiments provide for a 15 
compound comprising the structure : 

OY OMe 
20 

O = o = 0 S - NH . minde MeN 
OMe 

25 
Meo inte ' NH ? . 

wherein n is any of 1 to 20 and X is O or CH2 . In certain 
specific embodiments , X is O . In certain specific embodi 
ments , X is CH2 . Certain embodiments provide for a com 

30 pound comprising the structure : 

OMe 
O 

= 

- S - NH . 
= 

O 

MeN 

35 
wherein X is O or CH2 . In certain specific embodiments , X 
is CH2 ( Scheme 7 : ( 29b ) dansyl - 2e ( ) ) . In certain specific 
embodiments , X is O . 

In certain aspects , a NBD or dansyl label can be placed on 40 
a phosphate or phosphonate ester moiety ( FIG . 11 : Scheme 
8 ) . In certain embodiments , a method of producing a com 
pound comprises one or more of the steps shown in Scheme wherein X is O or CH2 . In certain specific embodiments , X 
8 . In this pathway the methyl ester is first trans - esterified to is O . In certain specific embodiments , X is CH2 . 
the allyl ester ( 30 ) , which is reacted with the NBD alkene 45 Certain aspects provide for a series of fluorescently 
( 23 ) under standard cross metathesis conditions ( FIG . 9 : labeled phosphonate or phosphate compounds including 
Scheme 6 ) . 28 It is contemplated that the alkene ( 31 ) will be those disclosed above and below . Such probes can be used , 
reduced to give ( 32 ) with diimide to avoid unwanted reduc for example , for the search of target enzymes . Such probes tion of the NBD with heterogeneous transition metal cata can be used , for example , for the ex vivo search of target lysts and hydrogen . 29 It is contemplated that similar proce - 50 enzymes . In certain embodiments , the fluorescently labeled dures will be used for compounds with different chain compound comprises a cyclic enolphosphonate or cyclic lengths . Certain embodiments provide for a compound com enolphosphate and a fluorescent label or tag ( fluorophore ) . prising the structure : In certain embodiments , the compound has one of the 

following structures : 55 " 

HOMe 

NH 60 OMe 

N 
X fluorophore 

R = alkyl , benzyl , aryl 
n = 1 - 20 

wherein n is any of 1 to 20 and X is O or CH2 . In certain 
specific embodiments , X is 0 . In certain specific embodi - 65 
ments , X is CH , . Certain embodiments provide for a com 
pound comprising the structure : 
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In certain embodiments , the compound has the structure : - continued 

fluorophore R 0 
À 

RO 
R2 ' OMe 

R ' and R2 = akyl , benzyl , aryl NO2 
RO X 

N 10 

V OMe OMe 

fluorophore ANH . / 1 , 

R = aryl , benzyl , aryl , 
n = 1 - 20 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . R ' can be any of from one 
carbon to twenty carbon atoms , thus , R ' is any one of C1 to 
C20 . In certain specific embodiments , X is O . In certain 
specific embodiments , X is CH2 . In certain specific embodi 
ments , R ' is a methyl group . In certain specific embodiments , 
n is 7 . 

In certain embodiments , the compound has the structure : wherein X is O or CH2 . In certain specific embodiments , the 
fluorophore or fluorescent label is a nitrobenzo - 2oxa - 1 , 3 - 20 
diazole ( NBD ) fluorophore such as a compound having one 
of the following structures : 

25 25 0 OMe 

NO2 
RO X O = OMe 

NO NH 
RO X 30 

- NO2 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . In certain specific 
embodiments , X is O . In certain specific embodiments , X is 
CH2 . In certain specific embodiments , n is 7 . 

In certain embodiments , the compound has the structure : R = alkyl , benzyl , aryl , 
n = 1 - 20 35 

R O 

O2N Y OMe OME 
_ NO2 

NH 

Mn 
ON 

45 
RO X R2 

R ' and R2 = alkyl , benzyl , aryl 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . R ' can be any of from one 
carbon to twenty carbon atoms , thus , R ' is any one of C1 to 
C20 . In certain specific embodiments , X is O . In certain 

50 specific embodiments , X is CH , . In certain specific embodi 
ments , R ' is a methyl group . In certain specific embodiments , 
n is 9 . 

In certain embodiments , the compound has the structure : 
ON 

55 
OMe 

NH Z ON In O O2N a VR 
ON OMe 

R = alkyl , benzyl , aryl , 
nr 1 - 20 60 NH 

Mn 
ON 

wherein X is O or CH2 . In certain specific embodiments , X 
is O . In certain specific embodiments X is CH . wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 

In certain aspects , in any of the above structures , the 65 aryl ; and wherein X is O or CH2 . In certain specific 
attached fluorophore or fluorescent label is a dansyl fluoro - embodiments , X is O . In certain specific embodiments , X is 
phore instead of NBD . CH2 . In certain specific embodiments , n is 9 . 
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NH - $ OO 10 

OO NH 

In certain embodiments , the compound has the structure : wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 . In certain specific 
embodiments , X is O . In certain specific embodiments , X is 
CH2 . In certain specific embodiments , n is 9 . 

5 In certain aspects , a fluorescent label can be placed at 
OMe various positions on a monocyclic phosphonate or phos 

phate core using minor modifications of synthetic methods 
RO Xd described herein . 

Certain aspects provide for labeled inhibitor compounds 
in enantiopure form . Such compounds in enantiorpure form 
can be obtained by adapting racemic pathways to asymmet 
ric synthesis such as described herein for compound 2e . ' s 

The following disclosed embodiments are merely repre 
wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or sentative . Thus , specific structural , functional , and proce 
aryl ; and wherein X is O or CH2 . R ' can be any of from one dural details disclosed in the following examples are not to 
carbon to twenty carbon atoms , thus , R ' is any one of C1 to be interpreted as limiting . 
C20 . In certain specific embodiments , X is O . In certain 
specific embodiments , X is CH . In certain specific embodi EXAMPLES 
ments , R ' is a methyl group . In certain specific embodiments , 
n is 7 . Example 1 . Anti - Mycobacterial Activity 

In certain embodiments , the compound has the structure : 
The anti - mycobacterial activity of enolphosphonates 2a - h 

and enolphosphates 3a - c on the extracellular or intracellular 
25 growth of M . tb was determined . The compounds were 

evaluated with the M . tb . H37Rv - GFP strain using a high 
OMe content screening assay based on the fluorescence measure 

ment of eGFP - expressing bacteria . 14 - 17 In vitro growth of M . 
RO X tb H37Rv - GFP was monitored by directly measuring GFP 

30 fluorescence after 5 days at 37° C . in presence of increasing 
concentrations of compounds . Intracellular growth of M . tb 
H37Rv - GFP was also assessed following a 5 - day exposure 
of Raw 264 . 7 infected murine macrophage cell lines to the 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 35 different compounds . Confocal images were then recorded 
arvl : and wherein x is O or CH . . In certain specific on an automated fluorescent ultrahigh - throughput micro 
embodiments , X is O . In certain specific embodiments , X is scope . ” 1° The percent of infected cells and the number of 
CH2 . In certain specific embodiments , n is 7 . cells which are the two parameters extracted from image 

In certain embodiments , the compound has the structure : analysis , 16 , 17 allowed to estimate the values of both IC50 
20 ( compound concentration leading to 50 % growth inhibition ) 

and CC30 ( compound concentration leading to 50 % cell 
toxicity ) . As shown in Table 1 , two types of inhibitory 

02NA effects have been obtained . Analogs 2e ( a ) , 2f ( B ) are able to 
Y OME act both on extracellular growth as well as in infected 

45 macrophages with moderate ( 15 - 50 „ M ) to good ( 3 - 4 uM ) 
IC50 values , respectively . In contrast , compounds 2d ( a ) , 

OWN 2e ( a ) and 2f ( B ) have a clear effect only on infected macro 
phages ; whereas lg , lm and 3a displayed antibacterial 
activity with IC so up to the nanomolar range ( IC < = 500 nM 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 50 for 3a ) . These eight inhibitors did not exhibit toxicity 
aryl ; and wherein X is O or CH2 . R ' can be any of from one towards the macrophages themselves . More particularly , 
carbon to twenty carbon atoms , thus , R ' is any one of C1 to both isomers of 2e were found to exhibit similar or even 
C20 . In certain specific embodiments , X is O . In certain higher activities ( IC ) towards intramacrophagic bacilli 
specific embodiments , X is CH , . In certain specific embodi than first line antibiotics used as references . 
ments , R ' is a methyl group . In certain specific embodiments , 55 Without being bound by theory , it is thought that such 
n is 9 . findings suggest several modes of action of these related 

In certain embodiments , the compound has the structure : compounds ( extracellular vs . intracellular ) and probably 
several target enzymes , including , but not exclusively , 
lipolytic enzymes . Although classical phosphonate ( P - F and 

60 P - OAr ) compounds are well known and extensively studied 
O2N lipase inhibitors , they tend to lack specificity and are struc 

turally simple which limits SAR studies . Preliminary results 
obtained with this new class of cyclic enolphosphonate and 
enolphosphate compounds , suggest that such specific inhibi 

65 tors represent useful probes to decipher the mode of action 
of serine hydrolases from M . tb in normal and foamy 
infected macrophages . 

OMe 

NH 
Mn N 

0 

?Me 

In 
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Example 2 . Synthesis of Phosphonate Analogs of Nal in refluxing acetonitrile . Cyclization with 1 - ( Mesity 

Cvclophostin . 10 - 13 lene - 2 - sulfonyl ) - 3 - nitro - 1 , 2 , 4 - triazole ( MSNT ) , produced 
cyclic a , a - difluorophosphonate ( 20 ) in usable quantities . 

A general ( enantioselective ) 13 approach to a family of Trans - esterification gave the hexadecyl ester ( 3d ) . The dif 
phosphonate analogs ( 2 ) of Cyclophostin was developed 5 luoro enolphosphonates ( 20 and 3d ) were considerably less 
utilizing the palladium catalyzed substitution reaction of stable than the corresponding phosphonates ( 2a and 3a ) 
phosphono allylic carbonates ( FIG . 4 : Scheme 1 ) . The resulting in lower yields after isolation by chromatography . 
palladium catalyzed reaction of methyl acetoacetate with the The xiso values reached towards Lip Y inhibition were > 40 
allylic carbonates ( 4 ) gave the vinyl phosphonates ( 5 ) in and 3 . 42 for 20 and 3d , respectively . 
good yield . Hydrogenation of the vinyl phosphonate ( 5 ) 10 
gave the saturated phosphonate ( 6 ) , which after selective Example 6 . Specificity and Selectivity of Pure 
demethylation , protonation of the resulting salt , and cycl Mycobacterial Lipolytic Enzymes 
ization gave the monocyclic enolphosphonates ( 2 ) . Selective 
debenzylation of phosphonate ( 2b ) with hydrogen over Chemical compounds disclosed herein will be tested for 
palladium on carbon ( FIG . 5 : Scheme 2 ) resulted in rapid 15 their inhibitory properties towards lipolytic enzymes 
lactonization to give the diastereomeric phosphonate isos belonging to the HSL , 50 , 32 Cutinase33 , and MGL 34 families 
teres of Cyclophostin ( 2i , j ) . 10 by using several specific and robust routine enzyme inhibi 

tion assays35 , 36 developed at the EIPL lab . Around 20 
Example 3 . Synthesis of the Cyclipostins and lipolytic enzymes are already available in pure recombinant 

Phosphonate Analogs . 9 , 12 20 forms and have already been biochemically characterized . 
Orlistat , the best characterized and non - selective inhibitor of 

Conversion of Cyclophostin ( la ) and phosphonate analog serine hydrolases , can be used as a reference inhibitor . To 
( 2i ) to the diastereomeric Cyclipostins ( 1g , m ) and analogs exclude any non - competitive covalent inhibition , tryptic 
( 2k , 1 ) was achieved via in situ selective cleavage of the digestion of the lipase - inhibitor adduct will be performed , 
methyl phosphonate ester with tetrabutylammonium iodide 25 and the peptide mass fingerprint ( PMF ) thus obtained by 
( TBAI ) and re - alkylation with a long chain alkyl bromide ESI - Q TOF mass spectrometry will allow to confirm the 
( FIG . 6 : Scheme 3 ) . This reactions sequence was also specific covalent binding of the inhibitor to the catalytic 
successful with the monocyclic phosphonate analog ( 2a ) serine residue . 12 
giving long chain esters ( 3a , b ) . 

30 Example 7 . Mycobacterial Viability 
Example 4 . Monocyclic Phosphate Analogs 

The minimal inhibitory concentration ( MIC ) of newly 
In order to optimize the observed antibacterial activity designed lipase inhibitors disclosed herein will be deter 

towards M . tb ( Table 1 ) , the synthesis of the monocyclic mined by agar or broth dilution methods . 5d The mycobac 
phosphate derivative ( 3c ) was completed . B - Ketoester ( 9 ) 35 terial growth will be monitored by scoring colony forming 
was prepared by alkylation " of t - butyl acetoacetate ( 8 ) with units ( CFU ) during treatment . These experiments will be 
iodide ( 7 ) 21 ( FIG . 7 : Scheme 4 ) . The tert - butyl ester was performed with BCG and M . tb MC27000 strains . 37 The 
chosen to minimize the risk of lactonization upon deprotec most efficient inhibitors can be used for further cytotoxicity 
tion to the alcohol . Reaction of the B - ketoester ( 9 ) with assays on host macrophages ( Example 8 ) . 
dimethyl chlorophosphite , followed by oxidation of crude 40 
material with I , and methanol gave enolphosphate ( 10 ) . The Example 8 . Cytotoxicity Assays on Non - Infected 
PMB ether protecting group was removed with DDQ to give Macrophages and Anti - Mycobacterial Activity on 
alcohol ( 11 ) . Demethylation and cyclization using 1 - mesi Infected Macrophages 
tylene - sulfonyl - 3 - nitrotriazole ( MSNT ) gave monocyclic 
tert - butyl ester ( 12 ) . Cleavage of the tert - butyl moiety with 45 Macrophages ( bone marrow - derived mouse macro 
TFA in anhydrous conditions was surprisingly effective and phages , BMDM and human macrophages ) will be exposed 
is a testament to the surprising stability of the enolphosphate to increasing concentrations of selected lipolytic enzyme 
bond . The resulting carboxylic acid was treated with inhibitors of interest ( from 0 to 100 uM ) . The viability and 
TMSCHN , to give cyclic phosphate methyl ester ( 13 ) ( FIG . morphological integrity of macrophages will be monitored 
7 : Scheme 4 ) . Trans - esterification gave the hexadecyl ester 50 at selected time points during the treatment by light micros 
( 3c ) . copy and cell lysis will be evaluated by measurement of the 

released lactate dehydrogenase ( Cyto Tox 96 Non - Radio 
Example 5 . Monocyclic Difluorophosphonate active Cytotoxicity Assay , Promega ) . The cytotoxic concen 

Analogs tration ( CC ) leading to 50 % cell death of all chemical 
55 compounds will then be determined . 

Monocyclic difluoro analogs ( 3d ) were prepared . The Candidate inhibitors , such as those that appear non 
( allyl - difluorophosphonate ( 15 ) was prepared by reaction of cytotoxic , can be selected for anti - mycobacterial experi 
the cuprate of diethyl ( bromodifluoromethyl ) phosphonate m ents . BMDM will be infected , such as with the M . bovis 
( 14 ) with allyl bromide ( FIG . 8 : Scheme 5 ) . 24 Cross metath - BCG ( BCG ) fluorescent strain . Once the bacteria are 
esis with methyl acrylate ( 16 ) using Hoveyda - Grubbs II 60 actively replicating ( e . g . , six days later ) , cells will be 
catalyst gave unsaturated ester ( 17 ) which was hydrogenated exposed to various concentrations of the inhibitors . At 
to the saturated ester ( 18 ) . selected time points thereafter , cells will be fixed and 
Using conditions previously employed for the synthesis processed for electron microscopy and the effect on cells 

of Cyclophostin analogs , formation of an enolate , trapping viability and bacterial clearance will be examined . 
with acetic anhydride and hydrolysis of the crude product 65 While the invention has been described in connection 
( containing some enolacetate ) gave the B - ketoester ( 19 ) . with example embodiments thereof , it will be understood 
Selective de - ethylation was accomplished by treatment with that the inventive method is capable of further modifica 
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2 . The compound of claim 1 , having the structure ; 7 . The compound of claim 1 , having the structure ; 
25 

R 0 

A3 
OMe OMe 

- NO2 R0 

1 ? NH NH 10 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 
aryl ; and wherein X is O or CH2 ; or wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 

aryl ; wherein R ' is any of C1 to C20 ; 
wherein X is O or CH2 ; and wherein Y is a fluorescent label . 

3 . The compound of claim 1 , having the structure ; 

OMe 
R ' 20 RO mote hinten OSO 0 = OMe 

NH 25 

30 

E 
wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 

wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or aryl ; and wherein X is O or CH2 . 
aryl ; wherein R ' is any of C1 to C20 ; 0 8 . The compound of claim 1 having the structure ; 
wherein X is O or CH2 ; and wherein Y is a fluorescent label . 

4 . The compound of claim 2 , wherein R ' is a methyl 
group . 

5 . The compound of claim 2 , wherein the fluorescent label , 
is nitrobenzo - 2 - oxa - 1 , 3 - diazole ( NBD ) or a dansyl group . 

Me0 NO2 6 . The compound of claim 1 , having the structure ; xothing 35 OME 

NH 
40 

wherein n is any of 1 to 20 and wherein X is O or CH2 ; or 
OMe 

NO2 
RO Bu 45 

?Z OMe tamang Me01 tinta OS 
NH wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or 

aryl ; wherein R ' is any one of C1 to C20 ; and wherein X is 50 
O or CH2 ; or 

RO 

55 wherein n is any of 1 to 20 and wherein X is O or CH2 . 
9 . The compound of claim 1 having the structure ; OMe songe this RO 

60 60 

OMe 
Meo - NO2 

NH wherein n is any of 1 to 20 ; wherein R is alkyl , benzyl , or as 
aryl ; R ' is any one of Ci to C20 ; and 
wherein X is O or CH2 . 
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28 28 
wherein X is O or CH2 ; or us to uz 100 cm : 29 wherein X is O or CH2 ; or 

OMe 
o = 

Me Stimate - S?NH . 
Meo 

= o 

H NH MeN 
10 \ 10 Men Xhing 

n the 
wherein X is O or CH2 . 

12 . The compound of claim 1 , having the structure ; wherein X is O or CH2 . 
10 . The compound of claim 1 , having the structure ; 15 15 

02N 
OMe 

20 
TOMe 
XR 

OME 20 00 
OMe 

?? OOO H NH 

ON 

25 
wherein n is any of 1 to 20 and wherein X is O or CH2 ; or 

OSB OMe 

an O = v = o Stanother NAXY 
MeN 

wherein n is any of 1 to 20 and wherein X is O or CH2 . 
11 . The compound of claim 1 , having the structure ; 

wherein n is any of 1 to 20 and wherein X is O or CH , . 
13 . The compound of claim 12 , wherein n is 7 . 
14 . The compound of claim 1 , wherein the compound 

30 inhibits a lipase . 
15 . The compound of claim 14 , wherein said compound 

covalently binds to an active site serine residue of the lipase . 
16 . A method of inhibiting an enzyme , the method com 

prising contacting the enzyme with a compound of claim 1 , 
35 wherein the enzyme comprises an active site serine residue . 

17 . The method of claim 16 , wherein said enzyme is a 
lipase . 

18 . A method of detecting an enzyme , the method com 
prising contacting the enzyme with a compound of claim 1 

40 to covalently link the compound to the enzyme , wherein the 
enzyme comprises an active site serine residue , and visual 
izing the fluorescent label of the compound . 

19 . The compound of claim 3 , wherein R ' is a methyl 
group . 

45 20 . The compound of claim 3 , wherein the fluorescent 
label is nitrobenzo - 2 - oxa - 1 , 3 - diazole ( NBD ) or a dansyl 
group 

OMe 
NH 

* * * * * 
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