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THE EFFECTIVENESS OF A WEAK BASE IN THE OLEFIN SYNTHESIS

FROM B-HYDROXYALKYLPHOSPHONATES

Takayuki KAWASHIMA,* Takafumi ISHII, and Naoki INAMOTO¥*
Department of Chemistry, Faculty of Science, The University of Tokyo,

Hongo, Bunkyo-ku, Tokyo 113

B-Hydroxyalkylphosphonates were treated with a weak base such
as potassium carbonate in N,N-dimethylformamide to give the corre-

sponding olefins in good yields.

During the course of an investigation on the Horner-Emmons reaction from the
phosphoryl compounds without any carbanion stabilizing substituent at the a-posi-
tion of the phosphorus atom,l) we previously reported on the fluoride ion induced

2)

olefin synthesis from B-hydroxyalkylphosphonates. It is useful to survey and to
find out some effective reagents other than fluoride salts, because fluorides are
sometimes expensive and their activities are very dependent on the used solvent
and on an amount of water involved in the system;3)
We now wish to report that some weak bases can also convert the B-hydroxyal-

kylphosphonates (1), which can be readily prepared from the alkylphosphonates and

the carbonyl compounds,4) into the corresponding olefins very efficiently.
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A typical procedure is described for the preparation of 1,l-dibenzylethylene
(2a) : Dimethyl 2,2-dibenzyl-2-hydroxyethylphosphonate (la) (2.15 mmol) was treated
for 48 h at 95 °C with potassium carbonate (15.6 mmol) and water (15.6 mmol) in
N,N-dimethylformamide (DMF) (20 ml). The reaction mixture was diluted with water
and extracted with pentane or ether. After the organic layer was washed with wa-
ter several times and dried over anhydrous magnesium sulfate, removal of the sol-
vent gave 1l,l-dibenzylethylene (2a) in 78% yield in almost pure state.

This and other results are summarized in Tables 1 and 2.

Table 1. The synthesis of 1,l1-dibenzylethylene (2a) from dimethyl

2,2-dibenzyl-2-hydroxyethylphosphonate (lg)a)

Run la Baseb) Temp Time Yieldc)
p—1 mmol Tec h %
1 2.15 K, CO,-H,0 (15.6) 95 48 78
2€037H,
2 2.25 K,C0,-H,0% (12.1) 135 14 78
3 2.23 K,CO,~2H,0 (13.4) 95-105 48 81
4 2.16 K,CO, (12.8) 95 48 41 (21)®
5 1.08 K2CO3-MeOHd)(4.99) 90-110 52 64
6 2.27 KHCO,-H,0%) (12.7) 135 14 66
7 1.13 Na2CO3-H20d)(6.64) 90 48 7.6 (76)°
8 1.02 cs,C0,-H,0 (6.1) 90 48 70
9 1.19 PhOLi (7.0) 85-100 0.5 77
10 2.18 PhONa (10.0) 100 1 66
11 1.12 PhOK (3.1) 90 1 72
12 1.05 DBU (5.0) 100-105 14 56
13 2.85 t-BuOK (7.1) 65 48 -
14 2.35 NaH (3.5) rt 10 £
15 0.94 KH (1.41) rt 10 -9
a) All runs were carried out in DMF (10-20 ml). b) The molar ratio of the

base to la is not optimized. <c¢) Isolated yields based on la. d) Water
or methanol was added in the equimolar amount to that of carbonate.
e) Recovery of la was shown in parentheses. f) la was consumed, but

no 2a was obtained.
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Among alkali carbonates used, potassium or cesium carbonate gave a comparable
result to each other, but sodium carbonate did not work well, probably because of
the poor solubility. Dimethyl sulfoxide can be used as a solvent in place of DMF.
An addition of water may increase the yield of the olefin as well as accelerate
the reaction, presumably because of an increase of the surface area or the solubil-
ities of the carbonates, however, alcohol is less effective than water. It is very
interesting to point out that B-hydroxyalkylphosphonates can be converted into the
corresponding olefins by action of a weak base such as potassium carbonate orlﬁm,E
which has been reported very recently to give no olefins from B-hydroxyalkyldi-
phenylphosphine oxides.6) Judging from the fact that the use of a stronger base
such as sodium or potassium hydride and potassium t-butoxide causes only side reac-
tions, an interaction such as hydrogen bonding of a weak base towards the hydroxyl
group of 1 as described in the previous paper 2) would play an important role in
the present reaction rather than the generation of the completely free alkoxide.

The merits of this olefination are easy availability of B-hydroxyalkylphospho-
nates, which can be converted into the olefins without migration of the double

bond only by treatment with a weak and cheap base and readiness of work-up (see

typical procedure). Further investigations are in progress.

Table 2. The olefin synthesis from various B-hydroxyalkylphosphonates
(la-f) by treatment with an equimolar mixture of potassium

carbonate and water

1 cho3-Hzoa) DMF Temp Time 2 yvieid®
mmo 1 mmo 1 ml °C %

la (2.15) 15.6 20 95 24 2a 78

1b (3.87) 21.1 35 85 40 h 26 75

lc (8.63) 28.1 30 90-110 44 2c 52

14 (1.78) 10.0 20 90-110 44 24 47

le (1.44) 7.90 15 45-50 24 2¢e 91

1f (2.94) 20.0 30 90-110 24 2f 85

a) The molar ratio of the base to 1 is not optimized. b) Isolated yields
based on la-f. The olefins were obtained in almost pure state even in

the cases of low yields.
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The B-hydroxyalkylphosphonates (la-d) were prepared as described in Ref. 2. le
and 1f were prepared by reactions of the a-lithio derivative of dimethyl ethyl-
phosphunate with benzophenone and dibenzyl ketone, respectively. In the case
of 1f, N,N,N',N'-tetramethylethylenediamine was used as a co-solvent. le: 96%
yield; mp 113-114 °C (Et20); Elementary analysis (EA): Found: C, 63.47; H,

1

6.77%. Calcd for C,-H,,0,P: C, 63.74; H, 6.61%. H-NMR (CDCl3): § 1.24 (3H,

17219
3. 3. 3. _ _

dd, JPH—17.6 Hz, JHH—7.5 Hz, P—CH-CE3), 2.99 (3H, 4, JPH—IO.B Hz, P(OC§3)
(OCH';)), 3.59 (3H, d, >3,,=10.8 Hz, P(OCH,) (OCH',)), 3.0-3.8 (lH, m, P-CH-),

5.31 (14, br s, OH), and 7.1-7.7 (10H, m, C(CGE5 2); 31

ppm (from external H3PO4); MS (70 eV): m/e 320 (M+, 2.5%) and 138 (M+—Ph2CO,

P-NMR (CDC13): §_ 35.72
p

100). 1f: 80% yield; mp 94.7-95.5 °C (Etzo); EA: Found: C, 65.35; H, 6.95%.

Calcd for C,,H,.O,P: C, 65.51; H, 7.23%. lH—NMR (CDCl3): § 1.23 (3H, 44, 3JPH=

1972574
17.7 Hz, >3,,=7.4 Hz, P-CH-CH,), 1.8-2.3 (1H, m, p-CH-),2.6-3.3 (4H, m, C(CHH'-
Ph),), 3.62 (3H, d, J,,=10.5 Hz, P(OCH,) (OCH'))), 3.77 (34, 4, J,,=10.5 Hz,
P(OCH,) (OCH';)), 4.39 (1H, br s, OH), and 7.2-7.9 (10H, m, C(CHH'-C.H.),);
31P—NMR (CDC15) : Gp 36.14 ppm; MS: m/e 348 (M+, 0.55%) and 91 (PhCH2+, 100) .
A weaker base such as pyridine, sodium acetate, potassium oxalate or basic alu-
mina than the bases used here is ineffective.
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