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SILYL PHOSPHITES V.
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When tris(trimethylsilyl) phosphite (1) was treated with
aldehydes, ketones, or a,B-unsaturated aldehydes at room tempera-
ture, the 1,2-adducts were obtained in high yields(75-94%). On the
other hand, when o,B8-unsaturated ketones or ethyl crotonate was used,
the 1,4 -adducts were obtained in high yields (71-84%). The
silylated products were smoothly hydrolyzed to the corresponding
phosphonates in almost quantitative yields by addition of alcohol

or water,

In order to extend the study on the reactions of tris(trimethylsilyl)
phosphite (1)1), we have examined the reaction with the carbonyl compounds such
as aldehydes, ketones, and o,R-unsaturated derivatives of aldehyde, ketone, and
ester. The formation of "carbonyl adducts" by the use of phosphites is not
unprecedented since trialkyl phosphites are known to react sluggishly with
aldehydes, i.e., the reaction requires rather drastic conditions or much long

3)
14

reaction time and gives several addition compounds such as 1 : 1,2) 1 :2 and

3a)

1:3 in relatively low yields (20-60%). Pudovik and his coworkers reported

that the 1 : 1 adducts were also obtained by the reaction of diethyl trimethylsilyl
phosphite with carbonyl compounds.4)

We have found that the silyl phosphite (1) reacted smoothly with carbonyl
compounds to give the 1 : 1 carbonyl addition products. According to this reaction,
the 1 : 1 adducts were obtained as sole product in excellent yields and all the

trimethylsilyl groups can be easily removed from the adducts by simple solvolysis

using alcohols or water under very mild conditions. Therefore, the reaction by
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employing 1 provides a useful and very convenient method for the synthesis of
o~hydroxyalkylphosphonic acids.

In the first place, the reactions of 1 with aldehydes and ketones are
described: For example, when benzaldehyde (10 mmol) was allowed to react with

one equiv. of 1 (10 mmol) in dry benzene (3 ml) at room temperature for 4 hr, the

1 : 1 adduct, bis(trimethylsilyl) o-trimethylsilyloxybenzylphosphonate (2; R1= Ph,
R2= H) was obtained selectively in 88% yield. The structure of the adduct was
confirmed by its NMR spectrum (CH-P: §= 4.87 ppm, J = 14.4 Hz, COSiCH: 6= 0.20
ppm, POSiCH: 6= 0.33 ppm) and elemental analysis.
(o} 0SiMe OH
12 1l Hy0 1l 2
R™-C-R + P (OSiMe3) 3 —_— R™-C-R ——> R -C-R
|
O=P (OSlMe3) 2 0=P (OH) 2

(1) (2) (3)

Similarly, several aldehydes and ketones reacted with 1 to afford 2 in high
yields.

When the adducts (2) prepared in the above experiments were treated with
methanol, the corresponding o-~hydroxylakylphosphonic acids (3) were obtained in

almost quantitative yields as shown in Table 1.

Table 1. Reaction of Aldehydes or Ketones with la)
rY R? Time Yield of 2 Bp(°C/mmHg) Yield of 3 Mp(°C)
(hr) (%) (%)

Ph H 4 88 126-130/2 98 179-180%
s4-clcH, H 4 91 139-142/0.35 93 106-108"
4-MeOC H, H 4 83 150-152/0.4 97 124-125P)

Et H 2 85 91-95/0.2 quant. 159

iPr H 4 82 106-108/0.8 quant.  166-168°

Ph cH, 8 75 126-129/0.3 97 180-181°)

cH,  CH, 4 90 86-90/0.7 96 176-178°%

a) The reaction was carried out at room temperature except the case of

acetone (under reflux).

Next, the reactions of 1 with o,B-unsaturated carbonyl compounds were carried

b) Free acid.

c) Monoanilinium salt.

out. Kamais) reported that the reaction of a,B-unsaturated aldehydes with

triethyl phosphite at 120°C gave the addition products of the Michael's type,
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namely, the 1,4-addition products, in ca. 20% yields.
It was found that the reaction of 1 with o,B-unsaturated aldehydes afforded

the 1,2-addition products (4) selectively in excellent yields as listed in Table 2.

0 OSiMe
Rlep=cu-d-82 + 1 o Rlem—cu-&-g? 1
| R'= alkyl
O=P(081Me3)2 RZ - H

(4)

On the other hand, when a,B-unsaturated ketones and a,B-unsaturated ester were
allowed to react with 1, the 1,4-addition products (5) were obtained exclusively

as shown in Table 2.

0] 0SiMe

i I 3
rlcu=cE-c-R> + 1 —> RlcH-cH=C-R? L
0=P (0SiMe,) R = alkyl
R™= alkyl or
(5) 0C,H
Table 2. Reaction of a,B-Unsaturated Aldehydes with 12
Reaction
Rl R2 temp. time Yield of 4 Bp(°C/mmHg) Yield of 5 Bp(°C/mmHg)
(hr) (%) (%)
H H r.t. 4 T 94 97-103/1.1 — -
cH, H r.t. 4 89 93/0.23 — —
Ph H r.t. 4 84 125-135/0.11 — —
H CH, r.t. 4 —_ — 84 119-121/2.1
Ph Ph reflux 4 — - 75 169-171/0.35
CH, OEt reflux 7 — — as(71)®)  113-115/0.4

a) The reaction was carried out in dry benzene. b) Dioxane was used as solvent.

The 1,2- and 1,4-adducts (4 and 5) were converted successfully to monoanilinium
or cyclohexylammonium salt (or free acid in some cases) of the corresponding
alkylphosphonic acids (6 and 7) by treating with aqueous tetrahydrofuran followed

by addition of aniline or cyclohexylamine in nearly gquantitative yields as shown

in Table 3.
OH 0
1 I 2 1 2
4 ——> R CH=CH-C-R 5 —> R CH-CH,~C-R
O=P(OH)2 0=P(OH)2

) (7)
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Table 3. Preparation of Phosphonates (6 and 7)

! R? Yield of 6 Mp (°C) Yield of 7 Mp(°C)
(%) (%)

H H 92 209-212%) — —
CH, H quant. 171—173b) —_ —
Ph H quant. 107-109°) — —

H cH, — — 92 197-2002)
Ph Ph —_ — quant. 108-115°)
CH,  OEt — — 77 150-152%

a) Monocyclohexylammonium. b) Monoanilinium salt. c) Free acid.

It is noteworthy that the adducts mentioned above, viz., a-silyloxyalkyl-

6) 7 are valuable

8)

phosphonates, o-vinylphosphonates and silyl enol ethers,

compounds since those might be applicable to the elongation of C-C bonds and also

to the synthesis of olefins. The extension of the study is now in progress.
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