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Oxacycle ring-opening reactions from a non-HCFC-based source of phosphonodifluoromethyl carbanion 1 are reported. This straightforward

strategy opens access to a variety of primary and secondary w-hydroxy- o,a-difluoromethylphosphonates via one step. The syntheses of a
glycerol monophosphate analogue and precursors to nucleoside phosphorylase inhibitors are described using this method.

Hydroxylated difluoromethylphosphonates are important products were isolated in low and unreproducible yields
pivotal structures to design stable analogues of biologically (Scheme 1§.
important phosphate esters. Numerous examples are des-

cribed in the field of nucleotide analogues and enzyme [N

inhibitors?! Direct approaches to prepare primanhydroxy- Scheme 1. Preparation of Primary
o,a-difluoromethylphosphonates are based on the displace- w-Alkoxy-ao,a-difluoromethylphosphonates by Alkylation af

ment of a leaving group with phosphonodifluoromethyl

. . . . . . le)
carbanion (i.e., triflates or halide3From primary triflates, TfO/\Q
phosphonates were produced in high yields, and no displace- BnO O CF,P(0)(OE),
ment was observed from secondary ones. From primary THF,7g y!CEDA .0
halides, substitution reactions suffer the major drawback that — /
83% Bn o\\‘ ) "/O
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hinderedu.-unsaturated esters, nitroalkenes, vinylsulfoxides, || NN

or vinyl sulfones (Scheme 2).

Scheme 2. Preparation of Secondary
w-Alkoxy-o,o-difluoromethylphosphonates

a. LDA, THF, -78 °C

A C0o,Bu C?Lo

80% CO,Bu
CF,P(O)(OEt)»

HCF,P(O)(OEt),
2

QBn

<
-0 OBn
OPO;Et, B

Et,O3PF,C o)
THE, CuBr , 20°C X
- .
g

(Et0),(O)PCF,ZnBr
70%

Scheme 3. Epoxide Ring-Opening Reaction from Various
Sources of Carbanion

a. LDA or tBuLi,
THF, -78 °C
b. propylene oxide
BF3-Eto0, 5 min.
YCF,P(0)(OR), S-NH4C! (Ro>2<o>PoF2/\§
4

2.Y=H,R=Et; 3: Y=Br,R=Et

When the same reaction was attempted even in the presence
of BFs—Et,O (even with 3 equiv), only traces of alcohtl
were detected by°F NMR analysis of the crude (Scheme
3)_12

We decided to explore other methods to prepa@r®-
dialkyl phosphonodifluoromethyllithiuri. The first method
is the halogermetal exchange reaction from the diethyl
bromodifluoromethylphosphonagand alkyllithium?2 and
the second is the thiaphilic attack of the diisopropyl methyl-
sulfanyldifluoromethylphosphonafeandtert-butyllithium .14

Recently, preparation of secondary difluoromethylphos- Surprisingly, addition of3 to a cooled solution ofert-
phonates was reported by the displacement of allylic Putyllithium in THF (=78 °C, 2 equiv), followed by a
phosphate and applied to the preparation of cyclitol precur- S€quential addition of epoxide and BFEt,O, afforded after
sors (Scheme 2)In this paper, we report our recent progress 30 min only traces of the resulting alcoh<5% by *F

in the synthesis ofy-hydroxy-a,a-difluoromethylphospho-

NMR). Difluoromethylphosphonat2was the major product

nates through oxacycle ring-opening reactions as a newPresentin the medium after hydrolysig (Scheme 3).
method that allows the one-step preparation of precursors Recently, we described an alternative non-HCFC-based

of enzyme inhibitors.

route to the phosphonodifluoromethyl carbanion equivalent

The synthesis ab-hydroxy-methylphosphonates has been through_a thia_lphilic addition Olfert-b_utyllithium to sulfide_
largely studied by ring-opening reaction involving oxirane 5 During this work, we also noticed that the carbanion
or oxetane and phosphonomethyl organometallic reagénts. formed in this new medium presented contrasting reactivity
This efficient strategy was never applied to the corresponding t© that reported previously, allowing addition with a wide
phosphonodifluoromethyl carbanidnWe decided to explore ~ fange of _electrophlles without |_’1eed for transmetalat!on. Th|s
the ring-opening reaction from various sources of carbanion OPservation prompted us to investigate the epoxide ring-
1 and propylene oxide following this scheme. First, the OPening reactions in this medium. )
carbanion obtained by deprotonationofvith LDA at —78 The ca.rbanlon formed by addition of diisopropyl methyl-
°C9 was reacted in THF with propylene oxide (Scheme 3). sulfanyldl_flupromethylphosphonafeto a copled solution of
After the usual workup, the starting materials were recovered. tert-butyllithium in THF (=78 °C, 1.1 equiv) was trapped
This result was not surprising in light of a previous report PY sequential addition of epoxide (1.1 equiv) anBELO
showing that epoxides were not reactive toward the carbanion(2 €quiv). After 5 min of stirring, two products identified as
1.10 Epoxide ring-opening reactions usually needed the @lcohols4 and7, accompanied by the phosphonétavere
presence of Lewis acids as catalyst, and boron trifluoride obtained (Scheme 4) and detected in about a 1:1:1 ratio. The
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opening reaction, a reaction occasionally observed when
carbanions were reacted in THF in the presence of-BF
Et,0.15

Using dried diethyl ether instead of THF, a mixture of
alcohol4 and phosphonat®was obtained in a 1:2 ratio and
o-hydroxy-a,a-difluoromethylphosphonatéwas isolated in
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Scheme 4. Epoxide Ring-Opening Reaction frof Scheme 5. Oxetane Ring-Opening Reaction
a. Buli, THF a. tBuLi, THF
-78 °C RO),(O)PCF -78 °C
b. propylene oxide (RO)(0) 2/\§/H b. trimethylene oxide
BF3-Et,0, 5 min. 4 o (1.1 equiv.)
. NH,CI . BF3-Et,0, 5 min.
YCF,P(O)OP)y =4 + oH ¢ Bra=lzl, S min
d. NH4CI
5: Y= SCHg; 6: Y = H e (IPr0)5(0)PCF2SCHy (PrO)2(0)PCFy~ ""0H
(RO)2(O)PCF™ /, 63%

5 11
7

low yield (15%). When the reaction was run in the presence protor_l-NMR data revealing thg presence of tremsdiaxial
of an excess of epoxide (3 equiv), alcodolvas formed as coupling constant= 9.9 Hz) in the pattern of the proton

the major product accompanied with less than 5% of Ha. ) ) ) )
phosphonatés (monitored by'°F NMR), and pure4 was The potential of this strategy was illustrated by a straight-

isolated in moderate yield (61%). When the addition was forward synthesis of a glycerol-1-phosphate analogue. From
performed in the presence of excess of carbanion (2 equiv),® "acemic mixture oD-benzyl glycidyl ether, addition of

the same results were obtained. The need for an excess ofXC€SS ff carbanion proceeded in the presence gf BEO
one or the other reagents indicated that a probagtie- at —78 °C to afford the corresponding alcoh® in 69%

reaction should occur. This first evidence of the synthesis Yi€ld (Table 1). . _
of 8-hydroxy-,a-difluoromethylphosphonate in one step by The study was extended to larger oxacycles, |n.par.t|cular
epoxide ring-opening reaction was extended to 1,2-disub- ©X€tane, tetrahydrofuran, and tetrahydropyran derivatives, to

stituted epoxides and functionalized epoxides (Table 1). Prepare a variety ab-hydroxy-o,o-difluoromethylphospho-
nates. Such structures, containing a spacer between the

_ phosphonate and hydroxyl fUﬂCtiOﬂS, have been reported as
useful intermediates for the synthesis of purine nucleoside

Table 1. Epoxide Ring-Opening Reaction from Sulfige phosphorylase inhibitors by Hala&and more recently by
Epoxide Product Yield (%) Yokomatsuté
o 61° Oxetanes are reactive species, and ring opening proceeded
AG ('Pfo)z(O)PCFz/\SO/H spontaneously upon reacting equimolar amount of oxetane

4 with the carbanion in the presence of Lewis acid in diethyl
0 ' , . ether (Scheme 5). The exothermic reaction needed scrupulous
ﬁ é““CFZP(OXO'P’)z >4 temperature contréf, and slow addition of trimethylene
8 oxide followed by BR—EtLO afforded y-hydroxy-a,a-
OH

o difluoromethylphosphonatkl?®in satisfactory yield (63%).

WwCF2P(0)(OiPr), 60’ Tetrahydrofuran used as both reagent and solvent was
readily opened only when previously complexed tosBF
9 o (Scheme 6). Slow addition of a THF solution of BFEtLO
b
2\/082 (iPrO),(0)PCF, _A_ OBz 69
g —
a Epoxide/sulfide/BE—ELO ratio= 3:1:2. Epoxide/sulfide/BE—Et,0 ) Scheme 6. Preparation of Diisopropyl )
ratio= 1:2:2. 1,1-Difluoro-5-hydroxypentylphosphonafefrom Sulfide 5
a. BuLi, THF
78 °C
. . b. BF3-Et,0, THF
From cyclopentene oxide, the reaction proceeded smoothly, 15 min.
but the corresponding alcoh8lwas isolated in only 30% (IPrO)(O)PCFSCHz NH4Cl (,prO)Z(O)pCFZ/\/\/OH
yield, even when an excess of epoxide (3 equiv) was used. 5 71% 7

With cyclohexene oxide, comparable results were observed
When excess of carbanion was involved (2 equiv), the
corresponding-hydroxy-o.,a-difluorophosphonate8 and9 to a THF solution of carbanion afforded exclusivehny-
were isolated in 54% and 60% yields, respectively. droxy-o,a-difluoromethylphosphonat@, whereas addition

In all cases, the stereochemical outcome of this reaction of neat BR—Et,O afforded7 and6 in a 3:7 ratio. Alcohol
is undoubtedly due to the need for the nucleophile to attack 7 could be isolated in good yield (71%) on a gram scale.
the least hindered site of the oxirane ring. From the rigid
cyclohexene oxide, ring-opening reaction occurs to gizes (16) (a) Yokomatsu, T.; Abe, H.; Sato, M.; Suemune, K.; Kihara, T.;
product9 as a single diastereomer. This was deduced from ﬁ)‘ﬁf‘k' ofnatssﬂ'"%e”/:’b (:'Hsggt‘:)ya,‘wmgﬂregmt'\j"nidKCh,\ﬁg‘slugrggt 3’ & Khara,
T.; Soeda, S.; Shimeno, H.; Shibuya, T®trahedron1997, 53, 11297.

(15) (a) Eis, M. J.; Wrobel, J. E.; Ganem, B.Am. Chem. S0d.984 (17) Rapid addition of reagents induced a decomposition of the carbanion
106, 3693. (b) Millon, J.; Linstrumelle, GTetrahedron Lett1976 1095. and formation of unidentified byproducts.
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