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SYNTHESIS OF2-HYDROXY-3,4-ALKADIENE-
3-PHOSPHONATE DIMETHYL ESTERS1
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The preparation of unknown 1-substituted-1,2-alkadienephosphonates, possible precursors in
the Wittig-Horner-Emmons reaction have been discussed
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INTRODUCTION

In the past several years there is considerable interest to the chemistry of
the phosphorylated 1,2-alkadienes. They are possible precursors of many
compounds which synthesis are restricted to some extend using other syn-
thetic ways2"6.

The literature data7"10 show that the proton at the Cl atom of the allenic
system (see scheme 1) is easily displaceable with different kinds of elec-
trophilic reagents: R = (RO)2P(O)

R R2

SCHEME 1

" Corresponding Author.
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194 D. D. ENCHEV and M. KIRILOV

The conditions for such a displacement include however low tempera-
tures(-78°C), inert atmosphere, and the use of strong bases such as buthyl-
lithium, LDA etc.

In this paper we wish to present our results of the new approach to
1 -substituted-1,2-alkadienephosphonates.

RESULTS AND DISCUSSION

The new 1-substituted-1,2 -alkadienephosphonates were prepared via an
acetylene — allene rearrangement of acetylene phosphites obtained in the
reaction of acetylenic diols and dialkylphosphites in nonpolar media. Due
to the symmetry of the starting diols in the first step of the reaction,
TMSCI has been used to preserve one of the hydroxyl- groups. The reac-
tion is carried out in benzene at 0 to 5°C in the presence of pyridine(see
experimental). After adding to the mixture of the appropriate diol and pyri-
dine TMSCI, the reaction mixture was heated to the boiling point of the
solvent. After cooling to room temperature the precipitate was filtered off,
the solvent was evaporized and the residue was distilled. The IR spectra of
the obtained silyated acetylenic diol shows a very characteristic band at
aSTO-SS^cm"1 for the -OH group, bands at 1045 -1030cm"1 for the
TMS-group as well as bands for other characteristic groups.

The isolated compounds smoothly react with dialkylchlorophosphites in
nonpolar media(see scheme 2).

Ri2"> — <" R| — * - R| ^> ^~Ri
HO' \H HO' V M S

la-c 2 a ' c

1-3 a b c

" ' " " " " " i= l.Pyr.2.TMSCI3.benzene
R2 Me H H .._ j ( R 0 ) i P C 1 ) 2 e t h c r

SCHEME 2

The IR spectra of the end products exhibit the characteristic bands for
hydroxyl group, phosphoryl group.for ester-groups at phosphorus, for
"isopropyl"-linked species at Cl atom as well as for the allenic system.
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1,2-ALKADIENEPHOSPHONATES 195

The H-nmr spectra of the end products show signals for the protons
from the alkyl- and alkoxy- groups, as well as the signal for the proton
from the hydroxyl group, but no signals for an olephinic proton at Cl atom
of the allene system which is very characteristic for the Cl unsubstituted
allenephosphonates.

The spectral data and elemental analysis confirm that the reaction fol-
lowed the scheme shown above. Thus the unknown hydroxyallenphospho-
riates were prepared in good yield in a two step reaction. We also were
successful to prepare this compounds without using a preliminary protec-
tion of a hydroxy-group with TMSCI. The direct reaction of the acetylenic
diols with dialkylchlorophosphites produced the same hydroxyallenephos-
phonates in relatively the same yields. This is a direct confirmation of the
suggested reaction scheme and gives us reason to assume that the acety-
lene-allene rearrangement is general for the reactions of cc-acetylenic alco-
hols with chlorophosphites. Moreover, we syntesized a sulfur containing
analog of the above mentioned l-substituted-l,2-allenephosphonates using
the same acetylenic diols and sulfonylchlorides via the procedure
described by Braverman11.

• f t = <»«. -
H(/ \)H

la-c 2 a " c

1"3 a b c i= l.Pyr.2.TMSC13.benzene

R, Me Me H ii= l.ROS(O)CI,2.ether

R2 MeH H

Further work is in progress to investigate the behavior of the obtained
compounds in a Wittig-Horner-Emmons reaction.

EXPERIMENTAL

Starting materials

The trimethylchlorsilane and acetylenic diols are commercially available
from Fluka.

The dialkylchlorophosphites were prepared from the corresponding
alcohols andphosphorus trichloride - also commercially available from
Fluka.
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Synthesis of monosilylated acetylenic diols 2a-c

General procedure

To a mixture of the appropriate acetylenic diol and a half molar amount of
pyridine dissolved in dry benzene at 0 to 5°C and stirring a solution of a
half molar amount of trimethylchlorsilane in the same solvent was added
dropwise for 30 min. After the addition the reaction mixture was heated up
to the boiling point of the solvent for an additional 30 min. Then after
cooling to room temperature the precipitate was removed, the solvent was
evaporized and the residue was distilled. Yield 78-82%.

Synthesis of hydroxyallenephosphonates 3a-c

General procedure

To a solution of 2a-c in dry ether at —10 to -8°C an equimolar amount of
the appropriate dialkylchlorophosphite was added dropwise for one hour.
The reaction mixture was left over night, the precipitate was filtered off,
the solvent was evaporated and the residue was distilled. Yield 75-80%..
The elemental analysis and spectroscopic data are griven in tables I and II.

TABLE I Constants and elemental analysis data for compounds 3a-c

N

3a

b

c

N

R[R'](R2)

Me[Me](Me)

Me[Me](H)

Me[H](H)

TABLE I I '

R[R'](R2)

Vteld(%)

87

85

86

Calcd.(Vo) P

13.22

15.09

17.38

Formula

C10H19O4P

C8H14O4P

C6H,,O4P

H-,31P-nmr and IR spectral data for compounds 3a-c

31P P-O C=C=C

Found(%) P

13.19

14.98

17.22

HO-

3a

b

Me[Me](Me)

Me[Me](H)

CH3-I.7

CH3-I.34

CH3-I.42

CH3-I.7

CH3-I.32

H-5.02

16.8 1256 1950 3300

16.78 1255 1956 3300
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1,2-ALKADIENEPHOSPHONATES 197

N R[R'](R2) 31P P-O C=C=C HO-

~~c Me[H](H) CH3-I.7 i7~5 1260 1957 3300

H-5.04

H-5.04

References
[1] D.D. Enchev and M. Kirilov, article I, Phosphorus, Sulfur and Silicon; in press.
[2] V. Mark, In "Selective Organic Transformations", Thyagarayan, Ed.; Wiley; New

York, 1970, p. 319.
[3] Ch. M. Angelov, Phosphorus and Sulfur, 15, 177(1983); CA: 99,53800m (1983).
[4] Ch. M. Angelov, D.D. Enchev, Phosphorus and Sulfur, 37, 125, (1988).
[5] Ch. M Angelov, D.D. Enchev, Phosphorus and Sulfur, 34, 163, (1988).
[6] D.D. Enchev, Ch. M. Angelov, et al, Phosphorus, Sulfur and Silicon, 57, 249, (1991).
[7] R.S. Macomber, G.A. Krudy and M.A. Amer, J. Org. Chem, 48,1420 (1983).
[8] L. Homer and V. Binder Phosphorus, 1, 17 (1971).
[9] P. Cadiot, W. Choddgfkiewicz. B. Borecka, C. Charier and M.-P. Simmonnian, Chem.

Abstr., 67,116923r(1967).
[10] R.S. Macomber and T.C. Hemling, IsraelJ. of Chemistry, 26, 136, (1985).
[11] R. Bravermann and H. Mechoulam, Israel J. of Chemistry, 4, 17, (1966).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
8
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


