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Summary: A general procedure for the synthesis of 
esters of phosphonodithioic acids has been developed. The 
method involves the reaction of the Grignard reagents 
2a-h with 2-chloro-l,3,2-dithiaphospholane (1) to give 
3a-h that were sulfurized using elemental sulfur to 
furnish the intermediate phosphonotrithioates 4a-h, 
reaction of which with a variety of alcohols in the 
presence of DBU furnished the desired phosphonodithio- 
ates 5a-h and 6-9. 

Phosphonate derivatives are frequently used as re- 
placements of the phosphate moiety of biologically active 
mo1ecules.l Substitution of a methylene or difluorometh- 
ylene group for one of the bridging oxygen atoms of a 
phosphate provides a nonhydrolyzable analogue of a 
phosphoester linkage.2 Phosphonate derivatives have 
recently been exploited as  inhibitors of proteases and 
 esterase^,^ mechanistic probes of PLAz,4 and haptens for 
the production of catalytic antibodies.6 Although many 
methods exist to prepare simple phosphonic acids and 
their derivatives,'"+j there are few techniques available 
for the synthesis of highly functionalized phosphonates 
in which a sulfur is substituted for one or more of the 
oxygen atoms.' In the context of a project directed 
toward the design of novel inhibitors of phosphodi- 
esterases, we required a series of phosphonodithioates, 
and we now wish to report a general procedure for their 
synthesis. 
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Table 1. Preparation of Choline-Derived 
Phosphonodithioates Ba-h 

entry R 
%yield %yield 

of 4 of 5 

CHdCHds- 71 78 
c-(CsHdCH2- 71 72 
CsH&Hz- 73 82 
CsHs- 82 67 
CHpCHCH2- 73 73 
(1,3-dioxolan-2-yl)(CH2)3- 72 77 
[2,2-dimethyl-l,3-dioxolan- 72 76 

TBDMSO(CH2)4- 71 74 
4(S)-ylI(CHz)z- 

We recently discovered a novel tactic for the prepara- 
tion of phosphorodithioate analogues of phospholipids 
that exploited 2-chloro-l,3,2-dithiaphospholane (1) as a 
reagent to couple two alcohols.8 We reasoned that a 
modification of this method in which an  organometallic 
reagent was used as one of the reaction partners should 
lead to the desired phosphonodithioates according to 
Scheme lS9 In preliminary experiments we discovered 
that simple alkyllithium reagents did not react with 1 
to produce the desired dithiophosphinates 3, whereas the 
corresponding organocerium reagents, which were gener- 
ated in situ by adding cerium trichloride, gave 3 in yields 
of only 30%. On the other hand, 1 underwent facile 
reaction with a variety of unfmctionalized and function- 
alized Grignard reagents 2a-h (1.1 equiv) to give the 
intermediate dithiophosphinates 3a-h, which were sul- 
furized by exposure to elemental sulfur to provide the 
2-alkyl-2-thio-l,3,2-dithiaphospholanes 4a-h in 70-82% 
yields (Scheme 1). The subsequent reactions of 4a-h 
with choline tosylate in the presence of 1,8-diazo[5.4.0]- 
bicycloundec-7-ene (DBU) followed by an aqueous acid 
workup then led to the series of choline-derived phospho- 
nodithioates Sa-h in 67-82% yields (Table 1).l0 

It now remained to establish whether other oxygen 
nucleophiles could be used to open the intermediate 
2-alkyl-2-thio-l,3,2-dithiaphospholanes 4a-h to provide 
access to a greater diversity of phosphonodithioate 
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analogues. Toward this end, 2-benzyl-1,3,2-dithiaphos- 
pholane (4c) was treated with a protected ethanolamine 
derivative, a protected inositol derivative, and ethyl 
lactate to give the corresponding phosphonodithioates 6 
(75%), 7 (73%)) 8 (89%), and 9 (72%). The DBU salts of 
the products 6-9 were initially isolated from which the 
free acid could be liberated using an Amberlyst-15 
column (basic form) followed by acidification. 

Communications 

General Experimental Procedure. To a stirred 
solution of 2-chloro-1,3,2-dithiaphospholane (1) (0.174 g, 
1.1 mmol) in anhydrous, deoxygenated THF (10-15 mL) 
a t  -78 "C was added dropwise a solution of the appropri- 
ate Grignard reagent 2a-h (1.0 mmol) in anhydrous THF 
(0.2 M solution) over a period of 10 min.13 After 1 h, the 
reaction mixture was warmed to room temperature. The 
reaction mixture was concentrated in vacuo to furnish 
the crude 3a-h, which could be purified by flash chro- 
matography eluting with 20-50% EtOAdhexanes. After 
the 3a-h thus obtained was dissolved in benzene (10 
mL), elemental sulfur (0.15 g) was added, and the 
reaction was stirred for either 10 h at  room temperature 
or 3 h at  reflux. The solvent was then removed, and 
EtOAc (8 mL) was added. The resultant yellow flocculant 
solid was removed by filtration through a plug of glass 
wool. The filtrate was concentrated under reduced 
pressure and purified by flash chromatography eluting 
with EtOAdhexanes (20410%) to deliver 4a-h in 70- 
82% yields. The 2-alkyl-2-thio-1,3,2-dithiaphospholanes 
4a-h (1.0 mmol) were then dissolved in MeCN, THF, or 
CHzClz (10 mL) containing the appropriate alcohol 
reactant (1.0 mmol) and DBU (0.15 mL, 1.0 mmol), and 
the resulting solution was stirred for 1 h at  room 
temperature. The solvent was removed under reduced 
pressure, and the crude product was purified by flash 
chromatography using either CHCldMeOWHzO (66:30: 
4) or CHCldMe2CO/MeOWH20 (49:33.5:15:2.5) as the 
eluent to yield 5a-h and 6-9. 
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We have now convincingly demonstrated that a num- 
ber of novel phosphonodithioates may be readily prepared 
by the sequential reactions of the 1,3,2-dithiaphospholane 
1 with Grignard reagents and a variety of polyfunctional 
oxygen nucleophiles. The products are formed in very 
good overall yields, and a number of functional groups 
are compatible with the method. Since 9 exhibited 
modest inhibitory activity (Ki = 25 pM) against the 
matrix metalloproteinase stromelysin,llJ2 the incorpora- 
tion of a phosphonodithioate group as a replacement for 
a phosphate or related moiety appears to be a reasonable 
strategy for the design of novel enzyme inhibitors. 
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