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Abstract: A series of o, a-difluorobenzylphosphonic acids having a hydrophobic functional group were prepared
via the Stille coupling reaction from halogenated o, o-difluorobenzylphosphonates. Evaluation of inhibitory ac-
tivity toward protein tyrosine phosphatase (PTP 1B) revealed that the ethynyl, phenylethynyl and (E)-styryl
groups on the benzene nuclei increased the inhibitory activity of o,o-difluorobenzylphosphonic acid. Inhibitory
activities significantly increased upon introducing both (E)-styryl and bis-methylsulfonamide functional groups
onto the benzene nuclei of o,o-difluorobenzylphosphonic acid. © 1999 Elsevier Science Ltd. All rights reserved:
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Protein tyrosine phosphatases (PTPs) catalyze the dephosphorylation process of the phosphotyrosine resi-
due (p-Tyr) in proteins and play a regulatory role in many cellular processes such as cell proliferation and differ-
entiation.' PTPs are involved in a variety of disease states as positive signal transducers.” Because of their poten-
tial value as therapeutic agents, reports describing the design and synthesis of PTP inhibitors have been recently
accumulating.™* Peptides containing (phosphonodifluoromethyl)phenylalanine (F,Pmp) 1, a non-hydrolyzable
phosphotyrosine mimic, were shown to have significant inhibitory activity with Ki in the nanomolar region to-
ward PTPs.* Although the peptidyl inhibitors are useful in determining the properties of PTPs such as enzyme-
substrate interaction, their utility as therapeutics is limited. Therefore, recent studies have focused on the prepara-
tion of non-peptidy! aromatic derivatives having a difluoromethylenephosphonate moiety, which act as a PTP in-
hibitor without a peptidyl framework.>® Burke et al. found that, while difluorobenzylphosphonic acid 2 had no
inhibition potency for PTP 1B, some naphthalene derivatives 3-5 bearing a difluoromethylenephosphonate moi-
ety could bind to the catalytic site of PTPs and inhibit the enzyme activities competitively * However these inhibi-
tors were approx. 1000-fold

less potent than the peptidyl F2':’ OH)2 F2P(OH sz (OH),
inhibitors, and their poor
(HO) 2P—Z

specificity for PTP 1B re-
: : p-Tyr: Z=0 =H
mained to be improved. . 1: 2-CF, R-OH
X-ray crystallographic
analysis of the complex of PTP 1B with 4 revealed that, together

with importance of the fluorine atom in binding, the B ring of the R R'= hydrophobic
naphthalene participated in hydrophobic interaction with aromatic | 1S CF2P(OH), functional group
amino acid residues in the active sites.” Moreover, the phenolic '\’\Rz RZ= hydrophilic
hydroxyl group introduced at 4-position of the naphthalene nuclei ' functional group

Fig. 1
was found to enhance its binding affinity for the catalytic site of 9

the enzyme via the interaction with Tyr 46 and Lys 120.”
While recent studies have focused on the modification of the naphthalene derivatives 3-5,%° we presumed
that the inhibition potential of 2 would increase upon modification to difluorobenzylphosphonates of type I (Fig.
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1), where a hydrophobic group (R') might have the same function as the naphthalene B-ring. The introduced hy-
drophilic functional group (R? may increase the stability of the ligand/enzyme complex by interaction with the
Tyr 46 and Lys 120 residues. In this communication, we describe a facile preparation of a series of difluoroben-
zylphosphonates related to I and their inhibitory effects on PTP 1B.

Our first target was to develop a divergent sequence for the synthesis of difluorobenzylephosphonates hav-
ing a variety of hydrophobic functional groups at either the para- or meta-position (Scheme 1). Then, halogenated
difluorobenzylphosphonates 10, 11 and 17, or the corresponding triflate 12 were respectively prepared by the
copper bromide-promoted coupling reaction of the zinc reagent 9 and aryl iodides 6-8 and 16 in dimethy-
lacetamide (DMA) according to the method recently developed in our laboratories'® [Yield: 10: 52%,'® 11: 81%,
12: 82%, 17: 82%)]."" The Stille coupling reaction of para-substitued difluorobenzylphosphonates 10, 11, and
12 with a tri-n-butylvinyltin reagent 13a was examined under the representative Stille conditions'>" to verify the
optimal catalytic systems for these reactions. Treatment of iodide 10 with 13a (1.3 equiv.) in the presence of 2
mol% of bis(triphenylphosphine)palladium(Il) chloride (PdCL(PPh,),) in refluxing acetonitrile'® for 12 h gave the
desired coupling product 14a in 62% yield. While the bromide 11 unreacted under the conditions, 14a was ob-
tained in 86% yield upon treatment of 11 with 13a in the presence of tetrakis(triphenylphosphine)palladium(0)
(Pd(PPh,),) (2 mol%) in acetonitrile under reflux. The triflate 12 proved to be a poor substrate for the Stille cou-
pling reaction, since

the yield of 14a from Scheme1
|

Q Q
12 under the repre- FoP(OEt), F2P(OX),
centative  conditions )Jij BrZnCF,P(O)(OEt), (9) )ﬁ: R-Sn-n-Buz (13a-g) /d
CuBr, DMA, ultrasound R
6: X=
7: X=
8: X=

with PdClZ(PPh3)2 (2 | Stille conditions

mol%) a.nd LlCl (3.0 Br 11: X=Br 15b-f: X=H
equiv.) in refluxing TIO 12: X=TtO

acetonitrle was quite I

FoP(OEt FoP(OX
low (31%) and clear @( BrZnCF,P{O)(OEt), (9) 2P(OEt), R-Sn-n-Buj (13b-d) 2P(0X)z
separation of 14a CuBr, DMA, ultrasound Stille conditions

10: X=I 14a-g: X=Et

Br
from 12 was not pos- Br R
sible. Under the opti- 18 7 :gg:g ;:Et

mized conditions for a: R=vinyl, b: R=(E)-styryl, ¢: R=phenylethynyl, d: R=ethynyl, e: R=phenyl,
the Stille coupling re- f: R=4-methoxyphenyl, g: 4-fluorophenyl

action with bromide 11, several series of di-

. . Table 1 IC,, values of aryl(difluoromethylphosphonic
fluorobenzylphosphonates 14b-g having a variety of acids for the hydrolysis of pNPP with PTP 1B

hydrophobic functional groups were obtained from
11 [Yield: 14b: 68%; 1dc: 81%; 14d: 71%; 1de: | Compound  IC,(uM) ~ Compound  IC,(UM)

65%; 14f: 59%; 14g: 30%)]. The meta-analogues 15b 4499 19b 386.2

- i i 15¢ 128.3 19¢ 135.9
1.81? d were pregared from the bromide 17 in a 134 2750 19d 1904
similar manner [Yield: 18b: 69%; 18c: 80%; 18d: 15e 778.9 2 NI
54%)."* The phosphonates 14b-f and 18b-d were 15¢ 4514 4 718.1

deprotected in the usual manner (i: TMSBr / CH,Cl,, [a For the data of ammonium salts prepared by the method of Ta-
ii: MeOH) to give free acids 15b-f and 19b-d in lyor.™ & No inhibition: a 1.5 fold activation of the control activity
. 15 was obtained at 1097 uM.

good yield.

An assessment of the inhibitory potency of 15b-f and 19b-d was performed with the IC,, values for the
PTP 1B-catalyzed hydrolysis of p-nitrophenyl phosphate (pNPP).'® As shown in Table 1, IC, value of 4'° as the
standard compound was 718.1 uM. The compounds 15b-f and 19b-d also had inhibitory potencies, and their
IC,, values ranged from 778.9 to 19.0 uM. The most potent compounds in this set were difluorobenzylphos-
phonic acids 15d (IC,, = 77.5 uM) and 19d (IC,, = 19.0 pM) bearing an ethynyl functional group at either the
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para- or meta-position and are approx. 10 to 38-fold more potent than 4. Introduction of a phenyl group to the
terminal position of the acetylene results in significant decrease of the inhibitory activity; IC,, values of 15¢ and
19¢ were determined to be 128.3 uM and 135.9 uM, respectively. While the IC,, values do not significantly de-
crease, (E)-styryl and 4-methoxyphenyl functional groups on the benzene nuclei also seem to be promising func-
tional groups to increase the inhibitory activity of difluorobenzylphosphonic acids.

The strategy at the second phase of the project was focused on introducing both hydrophilic and hydropho-
bic functional groups onto the benzene nuclei of difluorobenzylphosphonic acids. We chose to introduce either a
mono-sulfonamide or a bis-sulfonamide group onto the difluorobenzylphosphonic acids 15b and 15¢, since
these groups proved to function as a good hydrogen bond acceptor in many biological systems.'” The synthesis
and biological evaluation of the polyfunctionalized difluorobenzylphosphonic acids 25b,c¢ and 27b,c were then
examined (Scheme 2 and Table 2). The cross-coupling reaction of the iodide 20'® with the zinc reagent 9 in the
presence of CuBr in DMA under sonicated conditions gave the coupling product 21 in 64% yield. Stille coupling
reaction of 21 with 13b and 13¢ in refluxing acetonitrile in the presence of Pd(PPh,), (6 mol%) gave (E)-styryl
derivative 22b and phenylethynyl derivative 22¢ in 96% and 89% yield, respectively. After removal of the N-
Boc protecting group with trifluoroacetic acid, the resulting amines 23b,c were divergently manipulated to the
mono-sulfonamides 24b,c and the bis-sulfonamides 26b,¢ in the usual manner [Yield: 24b: 85%; 24c: 91%;
26b:  71%; 26c:
98%]. The ethyl pro-

Q f?
: | FoP(OE), F2P(OE),
tecting groups w.ere 9, CuBr, DMA, R-Sn-n-Bugz (13b,c)
removed using B ultrasound B R

Scheme 2

TMSBr in CH,CI, NHBoc NHBoc  Pd(PPha)e/CHCN — nx
followed b de- 20 21 22b,c: X=Boc
Y TFA |: 23b,c: X=H

silylation with MeOH

: X CF P OX F P OX
to give the free acids  MsCl/Py for 24b,c /@r 2P(OX)2 /Q/C 2P(OX)2
25b,c and 27b,c.  MsCI/EtsN for 26b,c R b: R= (E)-styryl,

The acids 25b,¢ and | NHSO,;Me N(SO.Me); ¢: R=phenylethynyl
27 isol 24b,c: X=Et 26b,c: X=Ft

c Wf.:re isolated as 25b.c: X=H 27b.c Xt
ammonium salts ac- 28: X=R=H

cording to the method
of Taylor® for evaluation of the inhibitory activities.
Al in Table 2 i i -
S shown. in Table 2, the introduction of mono Table 2 Comparison of IC,, values of 15b,c,
methylsulfonamide lowers the IC,, by approx. 2.5-fold 25b,c and 27b,c for ‘the hydrolysis of
relative to the parental styryl derivative 15b. In contrast, pNPP with PTP 1B

there was no significant decrease in the IC,, value of Compound ICg, (M) Compound IC,, (UM)
3 50
phenylethynyl derivative 25c¢. Introduction of bis-

methylsulfonamide was found to be a useful motif in- ;gg ‘11;‘279(1 %gg ig? '%a
creasing the inhibitory potency of both 15b and 15¢ by 2- 27b 57.9 27¢ 88.7¢4

8 times; the IC,, values of the bis-sulfonamide derivatives
27b and 27¢ were 57.9 pM and 88.7 uM, respectively.
Therefore these compounds are 8 to 12-fold more potent than the naphthalene derivative 4 (Table 1 versus Table
2). The (E)-stryryl and phenylethyny! functionals in 27b and 27¢ are necessary to show the inhibitory activity,
since 28" lacking the hydrophobic groups had no inhibitory activity.

In conclusion, simple modification of o,0a-difluorobenzylphosphonic acid by introducing hydrophobic
functional groups onto the benzene nuclei resulted in the identification of novel PTP 1B inhibitors 19d and 27b
without a peptidyl framework. The results clearly show that such modifications open up new opportunity for cre-
ating small molecular weight PTP-inhibitors based on difluorobenzylphosphonic acid pharmacophores. However,

2 For the data of ammonium salts.
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the specificities of these inhibitors for the other PTPs and serine/threonine phosphatases remain to be elucidated.
When considering the utility as the therapeutic agent, the cell permeability of the PTP inhibitors will be an impor-
tant subject.
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