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First Synthesis of a (Mercaptomethylene) Diphosphonate
via a Phosphorothiolate — Mercaptophosphonate Rearrangement.
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Abstract : Diisopropyl S-[(diisopropylphosphono)methyl] phosphorothiolate was deprotonated with butyllithium. The

f gt 4

lithiated carbanion underwent a [1 2]- sigmatropic sh:ft, and rcdrranged into the (mercaptomethylene) diphosphonate

anion which, by protonation, led to a mwrcapmmnym) diphosphonate. Some derivatives were prepared.
© 1998 Elsevier Science Ltd, All rmht( reserved.
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(mercaptomethylene)diphosphonate.
INTRODUCTION
The synthesis of gem-diphosphonic acids has recently received much attention, partly due to the

biological properties of some of them.! Their medical interest results from their structural analogy to
pyrophosphoric acid [(HO)2(O)P]20, an inhibitor of the precipitation of calcium phosphate, and from their

P-C-P linkage which shows a larger hydrolytic stability than the anhydride function of pyrophosphoric acid.1,2
Moreover, the technetiom 99 complexes of the a-hetero (N,0,S)- substituted gem-diphosphonic acids have
el mcre f_siit e Bobanslan s d bmantimannt AL hawen dloacoso ~on antdo ara anciler Alatniand vr oseveetoe
shown interest in deiection and treatment of bone diseases.”-~ Those acids are easily obtained by simple

hydrolysis of the corresponding diphosphonates.23 Some [a-alkylthio- (or a-alkoxy- analogues) methylene]
diphosphonates have been prepared by phosphonylation of the carbanion of the [alkylthio- (or alkyloxy-)
methyl] phosphonate.2 Moreover, some (methylthiomethylene) diphosphonates have been obtained from a
stable phosphonium ylide [(RO)P(=0)C-(SMe)P+(OR)3],3 prepared by addition of two equivalents of
trialkylphosphite to the phosphonodithioformate [(RO)2P(=0)C(=S)SMe]. This ylide reacts quantitatively with
hydrogen chloride to give (methylthiomethylene) diphosphonates via a protonation and an Arbuzov-type
dealkylation.34 However, (mercamomethvlene) dinhosnhonates or dinhosnhonic acids (free thiol) are not

d}phssphsnates, due to their very easy rearrangemsm into the corresponding phosphatss 5 Special experimental
i i e Tt flato e amianti oo L. nod 0 WAy in the mrananh haon car
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both side rearrangements are known, for phosphates and (hydroxymethyl) phosphonates, the most currently
observed one bei..g the easy conversion of (o-hydroxymethyl) phosphonates anions into the phosphates
carbanions.” It is only for O-benzylic or O-allylic phosphates that the reverse transformation has been observed
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diphosphonates, and is scarcely described in the monophosphonates series. Some (phosphonomethyi) thiolates,
prepared by C-addition of a dialkylphosphite anion onto thiocarbonyl compounds, were unstable and suffered
rapid conversion into the phosphorothiolates, and it was suggested that the reverse transformation, from a
S-(diphenylmethyl) phosphorothiolate and one equivalent of butyllithium between -60°C and +100°C, could not
be achieved12:13 (Scheme 1). Moreover, the stability of phosphorothiolate carbanions o-substituted by an ester
function [EtOC(O)-CH-SP{O)(OR)2] has also been evidenced, by trapping them with a ketone. 14
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Scheme 1

mercaptophosphonate rearrangement leading to a (mercaptomethylene) diphosphonate (not previously

described), and we report the syntheses of some derivatives of this phosphorylated thiol
RESULTS AND DISCUSSION
The diisopropyi S-(diisopropyiphosphonomethyl) phosphorothiolate 1 {3!P NMR : 6 = i9.7 ppm and

5 =232 ppm, 2 d, 3Jpp = 36 Hz, prepared by sodium borohydride reduction of methyl
(diisopropylphosphonomethane) dithioate and in situ phosphonylation13 ], was deprotonated with butyllithium
(1.5 equivalents) in THF at -35°C. The reaction was monitored by 3!P NMR (in C¢Ds, H3PO4 as external
standard). The carbanion (A) was not observed by NMR but rearranged immediately, via a [1,2] sigmatropic
shift, into the thiolate anion (B) (31P NMR : 8 = 21.7 ppm, s) (Scheme 2). This reaction was complete within 5

minutes in the NMR cell. Further protonation between -60°C and -30°C gave the tetraisopropyl
(mercaptomethylene)diphosphonate 2 (31P NMR : § = 16.0 ppm, s, 100% ), isolated in 82% yield Deriva ives

yield (Scheme 2). In preference to methyl or ethyl groups, the O-isopropyl substituents have been chosen to
avoid any dealkylation of the phosphonate function.18 The protonation is the key-step to get the thiol in good
yield, and the temperature must be carefully controlled during this step. Lithium salt of thiol 2 was stable at
-40°C, but rising progressively the temperature of the reaction mixture to room temperature partly induced a
desulfuration with formation of the methylene diphosphonate carbanion (iPrO)2P(O)CH-P(O)(OiPr), detected
by NMR (31P NMR : 8 = 41 ppm, s). This signal appeared at -5°C, and accounted for 35 % of the mixture after
5 mn at +5°C ; its proportion climbed to 64 % at +35°C. The loss of sulfur, which is the reverse reaction of the
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addition of sulfur to a carbanion, is plausible, due to the strong electroattractive effects of the two phosphono
roups, and this reversibility has been already mentioned for o-mercapto ketones in basic medium.!7 The
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reverse rearrangement in oxygenated series, may be rationalized by consideration of bond energies : (P-C : 62

Kcal ; P-S : 55 Kcal ; P-O : 84 Kcal).i
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CONCLUSION

We have described the first phosphorothiolate — mercaptophosphonate, [1,2]-sigmatropic,
rearrangement, which allows the preparation of a new (mercaptomethylene) diphosphonate. This rearrangement
is the reverse of the one usually observed in the oxygenated series. It offers a convenient route for the synthesis
of new sulfur-substituted methylene diphosphonic acid derivatives.

2 Y o LR 1 J i 1
General Methods : The 1H NMR spectra were recorded with a "Bruker AC 250" spectrometer at 250,13 MHz in
Palav¥al : aAe ot a2 1 LA 137 AT cnten ars vermneded itk oo "TNaslaa. A AENM
CDCl3, using TMS as internal standard. The *°C NMR specira were recorded wiith a "Bruker AT 250
-

spectrometer at 62.89 MHz, in CDCI3 with TMS as internal standard (proton decoupled, Jcp given). The
31p NMR spectra were recorded with a "Bruker WP 80 SY" spectrometer at 32.44 MHz with H3POj4 as external
standard. Chemical shifts are given in 8 (ppm) and coupling constants in Hz; conventional abbreviations are
used. The infrared spectra were recorded with a "Perkin-Elmerlé PC" spectrometer on the liquid film;
v (cm-1) are given, and the following abbreviations arc used : (s) strong, (vs) very strong, (m) medium, (W)
weak, (vw) very weak. Mass spectra were recorded with a "Nermag R 10 10 H" spectrometer in electronic

impact at 70 eV ; m / z and relative abundance are given.

by the method we previously reporied for the synthesis

f the diisopropyl (S-diethyl
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p
phosphorothiolate analogue.!5 Thus, the dithioester (iPr0)2P(0)C(S)SCH3 was reduced by excess N
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efluxing acetonitrile, and treated with CIP(O)OiPr)z 19 at 20°C. Usual work-up and column chromatography
(cilicaoel Merck 60M _eluent : netrolenm ether / ethvl acetate) cave 76% of 1 ag a nale vellow liauid, Analvgic ¢
{s1icagel Merck GOM, cluent | petroleum £ther / ¢thyl acetate) cave 76% of 1 asg a pale yellow iquid, Analvsig !

C13H3006P2S : calc. % : S 8.51; obs. % : S 8.76. 1H NMR (CDCl3 / TMS) : 1.36 (overlapping d, 24H); 3.04
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TMS) : 23.6 (overlapping d); 25.3 (d a, 1jop = 123 and ‘JCp 4);7i.7and 73.1 (2 d, ‘JCP 6.6 and 6.3).
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TR

P NMR (CDCi3 7 H3PO4) : 19.7 (d, ipp = 36); 23.2 (d, 3Jpp = 36). IR (NaCl) v (cm1) : 2980 (vs); 2934
(s); 2876 (m); 1468 (m); 1454 (m); 1386 (m); 1376 (m); 1356 (m); 1256 (vs and broad, v p=0); 1180 (m);
1142 (m); 1106 (m); 986 (vs and broad, v p.o-¢); 938 (m); 898 (m); 886 (m); 814 (w); 772 (m). Mass : m / z
(%) : 376 (0.6) M+-; 290 (11); 271 (13); 247 (17); 233 (25); 232 (12); 213 (24); 212 (12); 210 (19); 209 (50);
208 (71); 193 (22); 192 (31); 191 (91); 170 (22); 139 (10); 129 (11); 128 (77); 127 (18); 126 (11); 124 (13),;
115 (15); 114 (14); 113 (26); 110 (100, P(OH)YO)SCH>*-); 109 (11); 99 (15); 98 (14); 97 (54); 91 (24); 86
(50); 84 (80); 83 (19); 82 (24); 81 (13); 80 (21); 65 (35); 59 (30); 58 (11).

Synthesis of Tetraisopropyl (mercaptomethylene)diphosphonate 2 : Under N7 and at -40°C, BuLi (1.3 t0 2.0
€q., 1.6 M solution in n-hexane, ACROS) was added io a solution of phosphorothioiate 1 (150 mg, (.4 mmoi)
in dry THF (5 ml). The reaction mixture was stirred between -40°C and -30°C for 30 to 45 min. Then
trifluoroacetic acid (2.6 to 4.0 eq.) was added all at once at -60°C and the reaction mixture was stirred for 1 to
1.5 hours, allowing the temperature to rise to -30°C. Extraction with ether (15 ml), washing with water (3 x 15

ml), drying over Na2SQy4, elimination of the solvent under diminished pressure, gave crude 2 as a pale yellow
liquid with 82% yield. Analysis : Cj3H3006P2S : calc. % : C 41.48; H 8.03; S 8.51; obs. % : C 41.76; H 8.10;
S 8.72. IH NMR (CDCl3/ TMS) : 1.37 and 1.39 (2 d, J = 6.0, 24H); 2.41 (d t, 3Jyy = 3Jgp = 9.5, SH); 3.05
(td, 2Iyp = 21.2 and 3Jun = 9.5, 1H); 4.83 sept d, 3Tyy = 3Jup = 6.3, 4H). 13C NMR (CDCl3 / TMS) : 24.0
{m); 31.3 (¢, Lcp = 140); 72.7 (m). 31P NMR (CDCla / H3PQy) : 15.9 (5). IR (NaCl) v (cm-1) : 2980 (vs);

2934 (s); 2874 (m); 2736 (w); 2514 and 2500 (vw, v s ) ; 1468 (m); 1454 (m); 1386 (s); 1374 (s); 1254 (vs,
v pg.{_)), 1118 \m), 1142 (l‘ﬂ), 1104 (ﬁ‘x), S87 (VS and broad, v p. 0-C ), 938 \m}, 888 uu;, 836 {m); 7 742 (m ) Mass

m/ z (%) : 376 (7) M¥-; 334(3); 292 (5); 250 (12); 235 (8); 209 (22); 208 (68); 191 (12); 128 (27); 127 (26);
110 (22); 86 (12); 84 (17); 65 (10); 51 (21); 49 (68); 47 (18); 45 (17); 44 (10); 43 (100, C3H7™); 42 (13); 41
(50).

Synthesis of (alkylthiomethylene)diphosphonates 3 - 6 : The same procedure as described for synthesis of thiol
2 was used, hydrolysis being replaced by alkylation (with iodomethane, or 1-bromoundecane, or allyl bromide
respectively), or acylation with acetyl chloride, at -30°C for 3 hours. Then the mixture was stirred during an

ely),
additinnal 18§ hos s, allowino the temnerature to rige at room temnerature. Extraction with ether and ugnal work-
adamwonal 1517 orr usu
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up led to crude compounds, which were purified by Kugelrohr - distillation under 0.02 mmHg. Compounds 3-
D wEre ootalnea as palc yCUQW uqulub, Wlll'l 30 i0 OL /O ylﬁlu& \WC dll't:duy l't?pUl'LCU d[)UUL blml a

diphosphonates 3.

Tetraisopropyl (methylthiomethylene)diphosphonate 3 : Yield = 76 %. (RN : 128396-09-8).3 Analysis :
C14H3206P2S : calc. % : C 43.06; H 8.26; S 8.21; obs. % : C 43.21; H 8.30; S 8.18. IH NMR (CDCl3 /
TMS) : 1.37 and 1.38 (2 d, 3Juy = 6.2, 24H); 2.40 (s, 3H); 2.79 (1, 2Jgp = 22.0, 1H); 4.84 (sept d, 3Ty ~
3JHp ~ 6.2, 4H). 13C NMR (CDCl3 / TMS) : 17.9 (t, 3Icp = 3,); 24.1 (m); 40.0 (t, Jcp =140.0); 72.3 and
72.4 (2 d, 2Jcp = 3.5). 31P NMR (CDCl3 / H3POy) : 16.0 (s). IR (NaCl) v (cm-1) : 2978 (vs); 2932 (s); 2874
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(s); 2734 (m); 1468 (m); 1452 (m); 1386 (s); 1374 (s); 1318 (w); 1250 (vs, v p=0) ; 1178 (m); 1142 (m); 1104
(m); . 980 (vs and broad, v p.o.c); 938 (m); 886 (m); R42 (m); 770 (m); 744 (m). Mass m /z (%) : 392 (100,

ALY _ 4 . on1 II1 l II&\ | W £ P ey ALN 711\, DAL D\, VAL I1ﬂ\ ANA AN\, VLD FATN. AN 71T EN. D10 71 AN
ViE17" ), 111, T )y IVIT I8 AUSCTIL, J0U (K1), J%40U (T), 390 (LT), DU4 {(IU); 404 (&1}, 22U (1D), 417 (14);
205 (12); 177(80); 176 (19); 160 (9); 159 (19); 158 (15); 145 (10); 142 (25); 141 (34); 123 (16); 65 (10); 61
(10); 59 (15); 45 (13); 43 (84); 42 (14); 41 (40)

Tetraisopropyl (undecyithiomethylene Jdiphosphonate 4 : Yield = 56 %. Analysis : C24Hs5206P3S : calc. % :
C 54.31; H 9.87; S 6.04; obs. % : C 54.57; H 10.05; S 6.22. IH NMR (CDCl3 / TMS) : 0.87 (1, 3Jyy = 6.5,
3H); 1.26 (m, 16H); 1.36 and 1.37 (2 d, 3Jyy = 6.0, 24H); 1.59 (qt, 3Jun = 7.4, 2H); 2.81 (t, 3Iyy ~ 7.4,
2H); 2.87 (t, 2Jyp = 21.8, 1H); 4.84 (sept d, 3Ty = 3Jup = 6.2, 4H). 13(: NMR (CDCI'; / T™MS) : 14.2 (s);
22.8 (s); 24.1 (m); 29.4 (m); 32.0 (s); 34.7 (s); 38.7 (1, rp = 141.0); 72.
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(m); 886 (m); 842 (m); 772 (m); 732 (m). Mass m /z (%) : 530 (26, M+"); 343 (25); 342 (49); 341 (49); 302
(53); 301 (37); 277 (12); 261 (64); 257 (21); 256 (91); 219 (100, [P(OH)2(0)]2CHSC+): 218 (23); 209 (31);
208 (16); 207 (13); 203 (11); 191 (12); 177 (95); 176 (30); 175 (9); 159 (18); 129 (19); 127 (14); 99 (12); 97
(11); 96 (13); 83 (11); 69 (15); 57 (18); 55 (23); 43 (55); 41 (22).

Tetraisonronvl /allvlthmmpthvl.o 1e )dinhosphonate §5 ¢ Yield = 82 9. Analvsis ' C1sH2404P»S : cale. %
[ g 4% Vi of f of haidd J LU= ST Un o~ - T

A6 1A 7. Q ’7 KO nho oL - AR DT AN 707 1y N\ (OTY A [ TMQY - 127 and 122 (0 4
N TN LTy AR Ushibwy L) 2% < Y T Vedw I g LA Ve Uy WP 1 o F s AL L VAIVERN \\4“\41 1 .AAVAUI a A7 A LU \‘4 Uy
3Marer . A0 2AHY: 2027t 2Tarn =212 1HY 2 (A 3y =74 DY A8 (cont d 3Tirrr . 3Teen . A2 AN
VLIl = V.Uy &TELJy &esur \Ly a1 4edody AEAAJy ST \My IR 2Ty dR)y TUa \OWPL Uy TU S JIYF S Uk TTAL)

E 1L nemd 10 /A4 Iv____ 1N nemd 37 17 € NN £ 78 74 4+ 31 TN A 0. 17 & e d
= J.10 il = 53.10 \« 4, "JHH = 1V aii4 “oHH = 17.3, «f1}; J./0 (G G i, “JHH = 1V aiid “JHH = 1.3, alid
2w ~ trwr 10 2van » PPt aWat] ~ lAAﬁtA‘ e B3 A O Ar . 1w . RPN -~ s N
JJHH = 7.4, 1H). *°C NMR (CDCli3 / TMS) : 23.9 and 24.0 (2 d, “Jcp = 2.8); 36.0 (¢, *icp = 141.0); 36.6 (s);
72.2 and 72.3 (2 d, 2icp =~ 3.4); 119.4 (s); 132.9 (s). 31P NMR (CDCl3 / H3POy4) : 16.5 (s). IR (NaCl)

v (cm-1) : 3080 (w, v CH=CH2); 2978 (vs); 2934 (m); 2876 (m); 1634 (w, vV c=C); 1468 (m); 1452 (m); 1434
(m); 1386 (s); 1374 (m); 1252 (vs, Vv p=0); 1178 (m); 1142 (m); 1104 (s); 1078 (w); 984 (vs, v p-0-¢); 936 (m);
898 (m); 888(m); 840 (m); 764 (m); 740 (m). Mass m /z (%) : 417 (9, MH*); 416 (42, M+); 374 (15); 343
(1 n) 332 (7); 302 (21); 260 (29); 230 (16\ 218 (46); 217 (18\ 176 (100, C[P(OH)31o+); 175 (44); 166 (18);
158 (12); 157 (14); 127 (34); 85 (31); 45 (24); 43 (79); 41 (100, CH,=CHCH,*); 39 (44),

&7 A~ Ces A 'y 79 =~
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Tetraisopropyi (acetyithiomethyiene jdiphosphonate 6 : Yield = 64 %. Anaiysis : C15H3207P2S : caic. % : C
43.05; H 7.70; S 7.66; obs. % : C 43.22; H 7.99; S 7.78. iH NMR (CDCl3 / TMS) : 1.33 and 1.34 (2 d,
3Juu = 5.8, 24H); 2.42 (s, 3H); 4.19 (t, 2Jgp = 21.5, 1H); 4.79 (m, 4H). 13C NMR (CDCIl3 / TMS) : 23.9
(m); 29.7 (s); 35.7 (1, Ucp = 141,1); 72.5 and 72.55 (2 d, 2Jcp = 3.3 and 2Jcp = 3.1); 191.7 (s). 31P NMR
(CDCl3/ H3POy4) : 14.7 (s). IR (NaCl) v (cm-1) : 2980 (vs); 2934 (s); 2876 (m); 1704 (vs, v c=0); 1546 (m);
1510 (m); 1468 (m); 1454 (m); 1386 (m); 1374 (m); 1358 (m); 1256 (vs, v p=0); 1178 (m); 1142 (m); 1104 (s);
983 (vs, vV p.0-c); 886 (m); 844 (m); 772 (m); 742 (m). Mass m /z (%) : 418 (9, M+-); 376 (3); 219 (16); 218

(Y219 () 200 (14) IR (8- N2 (18) 17T (DAY 1AK (A1) 180 (18): 197 (1A QK (21): A (D7) RS (12): R4
\ )y &l \ O]y &UT \LUJy &UU \Jijy &aUT YA )y 2171 \&UJy 2UUN\TUSy ATT \2d )y Akl \AVUJy ZU &)y UU \&Jjy U Ly, UT
7 A L TY SO, £O FTEN. LE AN, £ED F1EX. £ FV1EN. AD FATIN. AT FINN\. AL £1£N0 A 1NN AT MM d aen A
(4 11 (30); OF (13), 03 (4U), OF (105 21 (1), 47 \&4/7); 4/ (1U); 40 (10, 43 (1uy, Laji v aina
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