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Abstract The first synthesis of "a-methylene-y-phostones™ (propylphostonates) using dimethyl
bromo~3-propen-2 yliphosphonate and ketones and aldehydes, in the presence of zinc, 1s descri-
bed

Because of their numerous biological act1v1t1esz, a-methylene-y-butyrolactones have
been the focus of a number of studies, especially of synthetic ones. Replacement of a carbon
by a heteroatom has often resulted in the discovery of new compoundswith valuable properties
Our 1interest in the mechanism of allergic contact dermatitis (ACD) to a-methylene-y-butyro-
1actones3 1 prompted us to direct our attention to the synthesis of phosphorus analogs, cy-
clic phosphonates, a-methylene-y-phostones 2 . Preliminary biological results (experimental
induction of ACD 1n guinea-pigs and cytotoxicity in hepatoma tissue cultures) have shown that
the biological activity of phostones 1s very different from that of the corresponding o-me-
thylene-y-butyrolactones (see below)
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Among the numerous syntheses of u-methy]ene-y-butyroWactones4, an attractive one 1s the
one-step Reformatsky reaction of methyl bromo-methacrylate with aldehydes and ketones5

CH,Br
+ RRC=0 & 4
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We thought we could use the same approach, by replacing the bromo-methacryiate deriva-
tive with a phosphonate such as 3, containing an allylic bromide. The synthesis of this
compound was readily accomplished by the NBS brom1nat1on6 of ethylenic phosphonate 4 . The
latter could be obtained by SOC]?/pyr1d1ne dehydrat1on of hydroxyphosphonate §
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The Reformatsky-type reaction was accomplished by refluxing a THF solution of phosphonate
3 and a carbonyl derivative, 1n the presence of freshly powdered zinc The reaction was usual-
1y completed in Tess than an hour Table I summarizes the results with a number of carbonyl

CHzBr
+ RRC=0 ~— ’

8
derivatives .
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TABLE 1. ONE STEP SYNTHESIS® OF o-METHYLENE-y- PHOSTONES 2
. )
R R Y1eld(%)
H H 63°¢
H CHy 65
H CoHe 74
H CeHyg 70
CHy CHy 87
CoHe Cohe 69
~(CH, ) 61
-(CH,) - 50
CHy CeHe 42

a”(x—Methylene—y—phostones” were prepared by refluxing bromophosphonate 3(0 500g, 2 18 mmol)with

freshly ground Zn powder (O 1509, 2 29 mmol) and ketone or aldehyde (2 30 mmol) wn THF (20 mL)
for 1h, except ior R = CH R =C H and R,R' = =(CH_) , which were reacted at room tempera-
ture for 24h , CaZcuZated Ffrom the® startzng bromophdsphonate 3 , © After two-steps  forma-
tion of a hydroxyphosphonate 6 (63% yreld) and p-TsOH cyclization (100% yireld)

The structures of phostones were deduced from elemental analysis, IR, NMR and mass spec-
trometry8 In particular, for instance 1n the case of the dimethyl derivative( 2 ,R=R‘=CH3),
the allylic protons appeared 1n NMR as a rough doublet of triplets(with a large PCCH-14Hz-coup-
1ing and a small, 2.0Hz, allylic coupling). The vinyl protons could easily be identified they
appeared as a doublet of triplets centred at 5 83 and 5 93 ppm, the proton czs to phosphorus
showing a small 21 7Hz coupling compared to a large 46.7Hz coupling for the trans proton In
spite of the presence of a chiral phosphorus center, neither the diastereotopic allylic protons
nor the y,y-dimethyl groups show clear nonequivalence at 60MHz. The latter appeared as a broad
singlet at &1 45 ppm, the former appeared at first glance as a doublet of triplets However,
the spectrum at 200MHz showed the allylic protons as a group of two nonidentical multiplets U-
se of Eu(fod)3 sh1f reagent accentuated thi1s difference, suggesting that the allylic protons
had very close chemical shifts but different PCCH couplings The cyclic nature of compound 2
seems however well established from analytical and spectral data and also from the aspect of
the nmr spectrum 1n the presence of a chiral shift reagent, Eu(TFC)310 the POCHs signal appea-
red as two equally intense doublets, an evidence for the existence of a 1 1 racemic mixture
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There was no evidence for the formation of a hydroxyphosphonate B (the "normal" Reformatsky
product), except when the carbonyl compound used was formaldehyde11. This 1ntermediate phos-
phonate was cyclized to the phostone by p-TsOH treatment. The mechanism of the Reformatsky
reaction must be similar to that of an ordinary organometallic one, 1 e an 1onic one How-
ever, there must be a radical component, since, when the reaction failed (when R or R' was
aromatic except for R = CH3, R' = C6H5),1§he only compound which could be i1solated was a
substitution product of THF, compound 7 The anionic-radical nature of organometallic
reactions, and 1n particular of Grignard ones, has been emphasized recently!3

The formation of compound 7 could be ascribed to the formation of a radical, CH2 =
C [P(O)(OCH3)2] CHé This single electron transfer mechanism'3 could also explain the
formation of a byproduct found in all reactions, vinylphosphonate 4

OH

H,—CRR P(OXOCH,),

POXOCHy),
6 7

The synthesis described here appears rather general one, except for most aromatic
aldehydes and ketones. Whenever R # R', the presence of diastereomers could be detected by
NMR .

The first results concerning the sensitizing capacity of "a-methylene-y-phostones" have
shown that 1) they are non sensttizers In guinea-pigs b, as opposed to the high sensitizing
power of a-methy]ene—y—butyro1actonesz’3 and 2) they are very little cytotoxic (they were

almost without activity on hepatoma tissue culture cells except when R = C5H11).
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8 Dymethyl-3-bromo-2-methylene-2-ethylphosphonate 3 was prepared as .follows  dimethyl 2-me-

thylene-2- ethylphosphonate 4 (0 5009, 3 33 mmol) and N-bromosuccinimide (NBS, 0.593 g,

3.33 mmol) were mixed 1n 10 mL CC14, AIEN (0.005g) was added and the mixture was refluxed
for 3h. After this time, no more NBS was present and succinimide floated at the surface of
the CC]4 Filtration and removal of the solvent under vacuum gave a mixture which was depo-
s1ted on a 509 5102 column Elution with ethyl acetate gave the bromo derivative (0 532 mg,
2.32 mmol, 70% yield) and then the unreacted starting material 4 (0 120g, 0.800 mmol). Com-
pound 3 o1, " NMR (CDC13) 3.76 (d, 6H, POCH3, J = 11,3 Hz), 4 12 (dt, 2H, PCCH,Br,

J = 13.0 and 1.2 Hz) 6 23 (dt, 1H, C = CH trans> J = 44.0 and 1 2 Hz). 6.25 (dt, tH, C = CH,s
J =203 and 10 Hz), IR (CHC13) 1270, 1190, 1040-1060 en”! , Ms 230, 228 (M**), 150, 149,
135, 110, 109 , Anal. Calc for CcH,,BrOsP  C 26,21, H 4.37, P. 13.54, Fd C 26.58 H 4 00,
P 13.40

The "a-methylene-vy- phostoneﬂZ(R=R'=CH3) was prepared by refluxing bromophosphonate 3 (0.500g,
2 18 mmol) with freshly ground Zn powder (0.150g, 2.29 mmol) and acetone {(0.133g, 2.30 mmol)
in THF (20 mL) for 1h. After this reaction time, the mixture was hydrolyzed with HC1 1N

(20 mL) and extracted with CH2C12 (50 mL x 3), dried with magnesium sulfate and solvent
removed The mixture was separated 1n a silica gel column (100 times the weight of crude)

and eluttion with ether gave "phostone" 2 , (0.335g, 1 90 mmol, 87% yield) and then dimethyl
2-methylene-2-ethylphosphonate 4 (0.030g, 0.200 mmol) CompoundﬂKR=R'=CH3) o1l , 1H NMR
(CDC13, Me4S1) 1.45 (s, 6H, Cﬂs), 2.73 (dt, 2H, PCCH,, J = 14 and 2 0 Hz), 3.73 (d, 3H,
POCH,, J = 11 3 Hz), 5.83 (d of t, C = CHipapg» J = 46.7 and 2.0 Hz), 5 93 (dt, C=CH.,s,

J = 21.7 and 2.3 Hz) , IR (CHC]S) 1260, 1190, 1030 em™1, mass spectrum m/e 176 (M+ ), 161,
149, 79. Anal Calcd for C7H1303P C 47.73 , H, 7.38 , P, 17,61. Found C, 47.94 ,

H, 7 58 , P, 17 52.

9. Benezra C , J Amer. Chem. Soc., 1973, 95, 6890.

Tris [3-(2,2,2-tr1f1uor-1-hydroxyathy11den)-d-camphoratd] europium, "uvasol Ga', from Merck
the mole ratio was 7 5 100 shift reagent/phostone.

. Hydroxyphosphonates were also formed when the reaction was conducted with aldehydes at

room temperature This was shown by NMR  two POCH3 were present {(as compared to one
POCH3 in the phostone).

. Compound 7 o011, 1H NMR (CDC13, Me4S1) 1.2-2.2 {m, 4H), 2.47 (d of d, 2H, PCCH,, J =

14 3 and 6.3 Hz), 3 70 (d, 6H, POCH;, J = 10.8 Hz), 3 6-4.3 (m, 3H), 5.98 (d of d of d,
C = CHipans’ J=483and 1.4 Hz), 6 12 (d of d of d, C = CH. s> ¥ = 23.3 and 0.8) , IR
(CHC14) 1240, 1180, 1050-1030 em™) | mass spectrum m/e 221 (M° + 1), 150, 110, 96, 71.

. Ashby E.C., Bowers Jr, J R., J Amer Chem. Soc., 1981, 103, 2242.
. The formation of this compound could also be explained by the hydrolysis of the unreacted

organozinc derivative.

. For R=R'=CH3, guinea-pigs were intradermally injected with a dispersion of compound 2 (5%)

n a 1 1 Saline/Freund Complete Adjuvant mixture See reference 3 (Schlewer and al )
for detailed procedure of sensitizations
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