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The membrane phospholipid phosphatidylinositol 4,5-bisphos- Scheme 1. Phospholipase C Catalyzes Hydrolysis of
phate (Ptdins(4,54P is an important regulator of cytoskeletal B}g'cnf(f'géfglto Two Second Messengers, Ins(1,4,5)Ps and
organization during a plethora of cellular functions, such as vesicle yigy
trafficking, endocytosis, phagocytosis, focal adhesion formation, .

and cell migratior}. PtdIns(4,5)Rbinds to and affects the function oro O T ﬂ B G RGRGPN
of many actin-binding and actin-remodeling protéirisand is a =03F90\How0\3/0\/\
o0

scissile bond

cofactor in enzyme activationln addition, PtdIns(4,5)Pregulates Oy S
the activity of many ion channels and transporferBtdins(4,5)R Pidins(d,5)F2 PLC °

is also the source of three second messengers: Ins(134,5)P on OO N
diacylglycerol (DAG)2® and PtdIns(3,4,54° In many cases, it :6335%@0 oL

is the decrease in PtdIns(4,5)Resulting from hydrolysis by HO - OO

phospholipase C (PLC) (Scheme 1), and not the increase in Ins- Ins(1,4,5)P; DAG

(1,4,5)R and DAG that constitutes the physiologically relevant )
signallL12Hydrolysis of Ptdins(4,5)Pcauses TRP channels to lose  Scheme 2. Synthesis of Phosphonates 1-57

some activityt3-1® Moreover, addition of Ptdins(4,5)Restores momo QMOM Ho OH
8 steps
(BnO)ZOPOﬁ o Hoﬁ OH o]
HO
e}

sensitivity of TRPM4 and TRPMS5 to activation by €and restores (Bri0);0PO-=7 d o
the sensitivity of TRPM8 and TRPV1 to thermal and chemical 9 8 J Wa
stimulj 15:16.18,19 b

The availability of a metabolically stabilized analogue of PtdIns- omom womo OMOM Qo .
(4.5)R, thatis, one that lacks the scissile® bond and thus could  (@r0,0p0 NI\ o._omn . ©10:00~x LA o_oen A A
not be hydrolyzed by PLC activity, would have many applications ~ ®"=°Pgoul™" % EnOOPENS & H . b
in understanding the role of Ptdins(4,5) cell physiology. o 7T " d
o-Fluoroalkylphosphonates have emerged as important nonhydro-
lyzable mimics for phosphoesters in the synthesis of biologically MoMo OMOM ¢ o . momg QMOM ¢ o
active “unnatural product$®2® Herein we describe the first — GoseF0s o AN nbhoro O e ANAD
asymmetric total synthesis of isosteric and isoelectronic phosphonate “"0“"1‘; g OB on MOMO 12 o' OBn
analogued—5 of PtdIns(4,5)Rthat cannot be hydrolyzed by PLC. .
The synthesis employs a Pd(0) coupling not previously exploited j\ o o Oj\R
in phospholipid or phosphoinositide synthesis. Furthermore, we MomMQ QMOM g o g -
demonstrate that both saturated and unsaturatégorophospho- ‘33‘22553380 O‘,,PM " 9&285%?&\
nate analogues can substitute for exogenous Ptdins¢4jB)P MOMO 0T 0B o R ) OWgR
restoring the sensitivity of the TRPM4 channel to*Ca VaRCuh O i

The synthetic sequence to the stabilized analogité&sof Ptdins- 9|  14cR=CyHs; 5 R=Ci7Ha
(4,5)R is illustrated in Scheme 2. A variety of attempts to connect j\
the intermediaté®?* with a fluoromethylenephosphonic acid syn- ~00 HQ M o R o
thor?* failed. Eventually, we turned to the Pd(0)-catalyzed coupling ~ =0#o-=7 O:,P{}/\o . 2R=Crttey
of anH-phosphite with a vinyl bromide in order to form the desired - b

. . . . . [e]
C—P linkage. Thus, coupling the protected inos@atith dibenzyl a Conditions: (a) CFBy PPh, E4Zn, THF, 76%; (b) (BnOP(NPb-

N,N-gliisopropyl_phosphoramidite gave the phosphorar_nidite inter- i), N.N-diisopropylethylammoniurtiH-tetrazole, CHCly, 1t; (¢) H0, 1H-
mediate10, which was converted téi-phosphonatell in 76% tetrazole, rt, 1 h, CbCla, 76% for two steps; (d) Pd(OAg)dppf, propylene
isolated yield in two step®. The 1-bromo-1-fluoroolefiry (~1:1 oxide, THF, 70°C, 62%; (e) 60% aqueous TFA, THF°Q, 1 h, 86%; (f)
E/Z) was separately prepared via a.Ft-promoted olefination ~ EDCI, DMAP, fatty acid, CHCI, rt; (g) Hp, Pd/C, MeOH, 6 h, EtSH; (h)
reactior?® of CBrsF/PPh with glyceraldehydd in excellent yield. TMBI/TMSI (5:1), rt, 1.5 h; MeOH, 1 h.

Few examples exist of Pd(0)-catalyzed formation ofGF
bonds, and in our hands, only traces of coupled compd2with
a majority of the P-O cleaved compoun@ were obtained under
standard conditions using 4&t or K,CO; as base. It appeared that

the rate of decomposition was faster than the rate of coupling for
the more hindereti-phosphonatd1. To overcome this problem,

we selected propylene oxide as a weak Lewis base and an effective
scavenger of HB?# Using this modification, treatment of the

t University of Utah. H-phosphonaté1 with Pd(OAc)/dppf/propylene oxide in THF at
#University of Southern California. 70°C led to the formation oft-fluorovinylphosphonaté2in 62%
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Figure 2. Dose-response for recovery of TRPM4 current2laynd4. After
TRPM4 desensitization, recovery was assessed. Data were normalized to
the response to 160M of each analogue in the same patch. (A) Averaged
data 6 = 5) for recovery of TRPM4 currents B/ (ECso = 2.7 + 0.6 uM

andny = 2.5+ 1.2). (B) Averaged daten(= 6) for 4 (ECsp = 1.8+ 0.1

uM andny = 3.2+ 0.5).

Figure 1. PtdIns(4,5)R and analogueg and 4 restore TRPM4 currents
following desensitization. (A) An excised inside-out patch from Chok1 cell
expressing mouse TRPM4 (mTRPM4) shows activation and fast rundown
of an inward current in the presence of 10M Ca2* and recovery by
dioctanoyt-PtdIns(4,5)R and analogue8 and4 (Vi, = 80 mV). (B) Initial
magnitudes of the mTRPM4 currents, currents after rundown, and currents
after recovery in response to 1M each of PtdIns(4,5)R 2, and 4

(averagesn = 8). TRPMA4 currents. These results suggest that metabolically stabilized

analogues of PtdIns(4,5®iill have a wide variety of applications

in separating the role of the phosphoinositide per se from activities
that result when Ins(1,4,5)PDAG, C&*, or other downstream
signals are generated from the hydrolysis of PtdIns(4,6yHPLC.
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yield. Acetal12 was selectively deprotected by treatment with 60%
aqueous trifluoroacetic acid in tetrahydrofuran &0to give diol
13. Next, acylation ofL3 with either octanoic acid, palmitic acid,
or oleic acid provided the fully protected phosphondtés, 14b,
and14cin 80, 73, and 82% yields, respectively. Hydrogenolysis
of 14aand14bremoved the benzyl groups, and then reaction with
ethanethiol removed the MOM groups to give tadluorometh-
ylenephosphonate analogueand?2.?8 The a-fluorovinylphospho-
nates3—5% were obtained by deprotection of benzyl and MOM
groups simultaneously with TMSBr/TMSI (5:1).

Recently, the hydrolysis of the water-soluble dioctanoyl Ptdins-
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