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Hydroboration of vinyl phosphonates with pinacolborane (PBH) proceeds to give phosphonoboronates, 2. Surprisingly, such compounds have
not been reported before. The reaction works well with terminal alkenylphosphonates. Internal alkenylphosphonates give complex mixtures.
Hydroboration/Suzuki coupling of alkynylphosphonates, with PBH, in a one-pot procedure gives trisubstituted vinylphosphonates in good
overall yields and provides a new synthesis of these compounds.

Of the various methods available for preparing phospherus to give trisubstituted vinylphosphonates. The latter are
boron compounds, hydroboration of alkenyl phosphines hasimportant synthetic compounds.
been used extensively for the synthesis of phosphinebotanes. Hydroboration of Alkenylphosphonates with Pina-
Phosphonoboronates, on the other hand, surprisingly havecolborane (PBH). Preparation of Boronophosphonates 2.
not been prepared by hydroboration. Only isolated examplesCompoundlawas prepared by esterification of commercially
of hydroboration of alkenylphosphonates by borane have available vinyl phosphonic ackdlCompoundslb—d were
been reported. No examples of hydroboration of alky- prepared in high yields by Michaelis Becker reaction of
nylphosphonates appear in the literature. PhosphonoboronateBromoalkenes and sodium diethyl phosphithosphonate
are potentially interesting reagents and may possess somée was obtained from 1-chloromethylphosphonate as de-
biological activity? In this report we present our results for scribed in the literaturé. Compoundsi1f and 1g were
the hydroboration of various unsaturated alkenyl- and alky- prepared by acetylation and silylation of 1-hydroxyallylphos-
nylphosphonates with pinacolborane (PBH). The intermediate phonate, which was formed from acrolein, diethyl phosphite,
vinylphosphonoboronates readily undergo Suzuki coupling and basic AIO;.8 Initially, the effect of the ester groups on
hydroboration was explored (Scheme 1).
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Table 1. Hydroboration of Allylphosphonic Esters
CH,=CH—CH,P(O)(R), with PBH?

allylphosphonic ester, R

phosphonoboronate, % yield®

OMe ~100

OEt ~95

i-OPr 60

OPh 20

Cl polymeric products

aNeat, 1 h, 80°C. P By GCMS. Isolated yields were in the 230%
range as a result of polymerization of the starting compounds.
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vinyl phosphonates are more readily available and they can
contain other functional groups useful for further reactions.
For compound4a—emaximum yields were obtained by

P(OEN3

A

(Table 1). Methyl and ethyl allylphosphonates gave compa- heating with PBH at 70C for 1 h. Higher temperatures
rable results; the isopropyl ester was less effective. Reactionresulted in polymerization and elimination products. Hy-
with the phenol esters proceeded sluggishly and conversiondroboration oflf and1g required higher temperatures (110
of only 20% was observed, while the dichlorophosphonate °C) and longer reaction times (3—5 h, see Table 2).

gave only polymeric products. As a result of the greater
availability of the ethyl derivatives, they were selected for
subsequent studies. Hydroborationlofith neat PBH gave

best conversions and yields. The reaction takes place readily:

without solvent or catalyst in the temperature range-70
110°C. Reactions were monitored by GBS spectroscopy.

Hydroboration with catecholborane under the same condi-

tions provided only about 20—30% conversion, and the
resulting compounds were difficult to purify. Use of HBBr

SMe, gave a mixture of products and also cleaved the ester

groups.

Hydroboration of 1 was followed by3'P NMR. For
instance, compoundb absorbs at 26.47 ppm. After the
addition of 1.2 equiv of PBH at room temperature, a peak
was observed at 30.45 ppm, which we attribut@lio After
1 h of heating at 70°C, the signal of starting material

disappeared. No additional signals were observed, indicating

Table 2. Hydroboration of Alkenylphosphonates with PBH

the absence of any coordination between boron and phos-

phorus. In contrast téb, 1f and1g required heating before
products could be detected B> NMR (2f (30.86 ppm)
and2g (24.02 ppm)). Additional heating dff and1g gave
rise to phosphorus signals in the-123 ppm region. This

can be explained as a result of isomerizations at phosphorus

for both starting materials and products during the reaction.
Cleavage of the acetyl groups or TBDMS groups result in
transesterification of the hydroxy group with nearby alkoxy
groups bonded to phosphorus and lead to cyclization
products’ We checked the importance of the order of
insertion. Thus2b was also obtained by hydroboration of
allyloromide with PBH followed by Arbuzov reaction with

triethyl phosphite (Scheme 2). Despite the comparable yields
of the two methods, the synthetic protocol of Scheme 1 has

several advantages: (1) vinyl phosphondiashare much
more stable than boronic alkyl bromides; and (2) substituted

(4) For areview, see: Minami, T.; Motoyoshiya,Sknthesi4992 333.

(5) Bhongl, N. N.; Notter, R. H.; Turcotte, J. Gynth.Commuri987,
17,1071.
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Raton, FL, 1988; p 7.
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(8) Texier-Boullet, F.; Foucaud, ASynthesis1982, 916.
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1988,36, 39.
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Entry  Alkenyl Phosphono- %o
Phosphonate,1 boronate, 2 Yield"
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2 As determined by GCMS. Isolated yields were in the range,; 3%
after chromatograph)P Method A: 1.2 equiv PBH, 70C, 1 h.¢ Method
B: 2 egiov PBH, 11C¢°C, 5 h.

The optimum phosphonate/PBH molecular ratio was
investigated. For compoundsa—e the ratio was 1:1.2.
Higher amounts of PBH gave lower yields. Compol&id
which contains an acetyl, group required 2 equiv of PBH.
More than 2 equiv of PBH resulted in the removal of the
acetyl group. Compoundda—gwere purified by chroma-
tography. The isolated yields were in the range-30%.
This apparently is due to competing polymerization of the
alkenylphosphonates by PBH. Internal alkenes gave complex
reaction mixtures from which no products could be isolated.
The structures of all new produ@sa—gwere confirmed by
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NMR spectroscopy. The NMR spectra of products are || || N NNERNGTEEEEEEE

complex because of heteronuclear coupling. Despite suchr e 3. Hydroboration/Suzuki Coupling of

complications, structureza—gwere deduced from thetH Alkynylphosphonate

and °C spectra. Thus, the triplet in tHél spectra in the o T Er———— pe——
. . m ospnono-

region 0.75-0.85 ppm was assigned to the -EB- group. ntry Phosphf)?nzte 3 boyrgnatep4 (% Y)iel;‘:

It corresponded to a broad signal in the region 6fl2 ppm

in the 13C spectra. The proton signals in the aliphatic chain a 9 c Q 48,40
. C e . . CsHy 1TP\—OEI 11 P—OEt
in 2c—g are overlapped and the multiplicity is not clear. Also OFt ={ “o&t
the corresponding carbons gave overlapping signals at24.5 H c;Dh 17 35

24.7 ppm in the region of the pinacol groups. COSY and

| 1

= Ph -
HETCOR experiments established the connectivity between : ARt >:{‘\8EEI
protons and the corresponding carbons. In ‘& spectra Ph
of 2e—g, the doublets in the region 6&2 ppm (cp = ~200 c _ 9 Q 47. 38
Hz) are characteristic for -O-CH-P(O)(OR)r -Hal-CH- o= C'(CHs)i<P<8§
P(O)(OR}.1° In the 3P NMR spectra o higher shielding H Ph
of the phosphonates was observe®Q ppm) relative to the

. . a0 Il isolated yields fron8. GC—MS yield in the 70—90%
starting materiald (~17—25 ppm). rangeyera isolated yields fro yields were in the b

Hydroboration of Alkynylphosphonates. Starting ma-
terials 3 were prepared by lithiation of the alkynes and ]
treatment with diethylchlorophosphonate. Hydroboration of Phonates. The stereochemistry of the double bond was
3 with PBH gave products, which were difficult to isolate determined byJpn coupling constants. Thus a trans config-
by chromatography and to characterizénstead, they were uration of the phosphorus and hydrogen atoms has a coupling
immediately Suzuki couplédwith phenyl iodide to give constant of around 50 Hz, while a coupling constant-&0
trisubstituted alkenylphosphonates (Tablé%Jhis repre- Hz is consistent with hydrogen and phosphorus on the same
sents a new one-pot synthesis of trisubstituted vinylphos- carbon:* Compoundsta and 4c are therefore assigned|

. while 4b has the vinylic hydrogen and phosphorus on the

e e e 2 e SAME Carbon. Thus hydroborationdifplaces boron on C2,

could not be resolved. However, the carbon not bearing the boron atom On the same carbon as the phenyl group. Similar directive

was detectable in th&’C spectra. In addition, the intermediate alkenyl ff re known in the hvdr ration of stvren rane-
boronophosphonates had significantly different chemical shifts irf'fpe effects are kno the yd oboration of s yrene by borane

NMR. Thus, in the serie8a, intermediate4a, the3lP shifts were—7.58, type reagent§ and in metal-catalyzed hydroboratiots.
31.16, and 15.33 ppm, respectively, and are consistent with our assignments.
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