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Carbonyl addition compounds of diethyl trimethylsilyl phosphite (DTMSP) with aldehydes were convert-
ed, by treatment with lithium diisopropylamide (LDA) followed by the successive alkylation and alkaline hy-
drolysis, to carbonyl derivatives involving aldehydes, unsymmetrical ketones, f,y-unsaturated ketones, and car-
boxylic acids. p-Substituted carboxylic esters and p-substituted lactones were prepared by use of the carbonyl
addition compounds of DTMSP with «,f-unsaturated aldehydes.

Since Corey and Seebach? introduced acyl anion
equivalents by use of 1,3-dithianes in 1965, a number
of reagents belonging to this category have appeared
in the literature and have proved to be useful
key intermediates in modern organic synthesis. A
few years ago, Seebach advocated the concept of
“Umpolung.””®®) These studies in this field have re-
cently been reviewed.?

In this paper, we wish to report versatile utility
of the carbonyl addition products of DTMSP with
aldehydes in detail.¥)

In connection with our study, several related re-
actions have recently been reported.5)

Results and Discussion

It is well known that the carbon-phosphorus bond
of dialkyl a-hydroxy phosphonates is readily cleaved
under alkaline conditions to give carbonyl compounds
and dialkyl phosphonates.®) This reaction pattern

OH
OH-

RR2C-P(0)(OR?), — RI-G-R? + H-P(O)(OR%),
led us to study alkylation of the carbonyl ad-
dition compounds obtained by the reaction of silyl
phosphites with aldehydes, since the formation of un-

symmetrical ketones were expected on treatment of
the «-alkylated products with acid followed by alkali.

OSiMe, ,
1
R1-C—P(O)(OR3?), —>
]
H
17
OSiMe,
1 +  OH- 1
R1-C—P(O)(OR3), ——> —— RI1-C-R?
R2
1: R1=Ph 5: R'={-Pr
2: R1=H 6: R'=s-C,H;;
3: Rt=Me 7: R'=PhCH,
4: R'=Et

It was found that metalation of diethyl «-(trimethyl-
silyloxy)benzylphosphonate (1) with LDA in THF pro-
ceeded quite easily to afford relatively stable a-car-
banion species which reacted with alkyl halides to
give the alkylated products (18—30) in good yields.
However, in the case of addition compounds (2—4)
of DTMSP with aliphatic aldehydes, the lithiation
of 2—4 caused the Wittig rearrangement” (or the
anti-Brook rearrangement®) of trimethylsilyl group.

Li
/%

QSiMe; e 9
R-C—P(O)OEY), ———— R-C—P(OE!);

SiMe,
leO

0SiMe, (|)H lcl>
R'—C—P(O)OEt), +  R-C—P(OE),
H |
SiMe,

0SiMe, LDA
R'-g-P(O)(OEt); —_

8:R'=H

9:R'=Me

10: R'= Et

1:R'=i-Pr
Scheme 1.

The product distributions of 2—4/8—10 after quench-
ing with 1 Mf NH,Cl1 at —78 °C or at room tempera-
ture are summarized in Table 1. Table 1 implies
that the equilibrium between the carbanion and the
oxido ion is affected by both the alkyl substituent
and the temperature. The ratio of the carbanion to
the oxido ion grows up with a rise in temperature
and also with an increase in the bulkiness of the «-
substituent. The equilibrium between 4 and 10 in
1,2-dimethoxyethane (DME) is in favor of 10 as com-
pared with THF (see Table 1). The above-mentioned
facile Wittig rearrangement of the trimethylsilyl group
can be explained as follows; the O-lithio derivatives
(oxido ion) can be stabilized by an intramolecular
chelation with the neighboring group of P(O)(OEt),.
The Wittig rearrangement of this type has been known
little.” Only one example has been reported by West
where benzyl trimethylsilyl ether underwent the Wittig
rearrangement under special conditions using an ex-
cess amount of strong lithiating agents such as ¢-butyl-
lithium.%)

Hiinigl®-¢) reported that synthesis of aromatic
ketones utilizing the addition compounds of aldehydes
with trimethylsilyl cyanide. In connection with the
Wittig rearrangement of «-trimethylsilyloxy phospho-
nates mentioned above, alkylation of 2-(trimethylsilyl-
oxy)propionitrile (12) was conducted. However, all
attempts to obtain the alkylated products (13) were
unsuccessful. It is likely that the lithiated inter-
mediate decomposes via the Wittig rearrangement to
an acylsilane and cyanide ion which in turn react

t 1 M=1mol dm-3,
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TasLE 1. PRODUCT DISTRIBUTIONS OF (-TRIMETHYLSILYLOXY PHOSPHONATES (2—35)
AND -HYDROXY--TRIMETHYLSILYL PHOSPHONATES (8—11)
Phosphonate 2 3 4 5
Condition for (solv. THF THF THF THF DME THF
lithiation time/h 0.5 0.5 0.5 5 1 0.5
— T —— —
Temp® —78°C r.t. —78°C ' r.t. —78°G rt. —78°C —-78°C —78°C r.t.
2 0 0 3 0 22 4 45 40 45 22 5 8 35
Product (%) 8 87 78 9 9l 42 10 37 0 31 58 11 0 0

a) Temperature at which the lithiation mixture was quenched with 1 M NH,CI.

TABLE 2. ELEMENTAL ANALYSES AND SPECTRAL DATA OF 8—10

Compound Molecular Found Caled IR(NaCl) TH-NMR(CCl,)
mpount - formula (%) (%) #/cm™1 B
8 CH,O[PSi C: 40.12 39.98 1035 1100, 1215(»P=0), 0.12(9H, s, Me,Si), 1.37(6H, t, J=7 Hz,
H: 8.56 8.81 1250, 1370, 1392, 1445, CH,), 3.55(IH, dd, J=6Hz, J=14Hz
2890, 2970, 3290(OH) CHP), 3.80—4.38(4H, m, CH,-O), 5.10
(1H, d, J=6Hz, OH)
9 GH,OBPSi C: 42.91 42.50 1030, 1055, 1104, 1170, 0.11(9H, s, Me,Si), 1.31(6H, t, J=7Hz,
H: 9.53 9.11 1222(»P=0), 1252, 1370, CH,), 1.39(3H, d, J=19.2 Hz, CH,CP),
1394, 1448, 2890, 2965, 3.80—4.38(4H, m, CH,-O), 4.38(1H, br.
3280(OH) OH)
10 C,H,OPSi C: 44.51 44.76 1027, 1057, 1228P=0), O0.11(9H, s, Me,Si), 1.01(3H, t, J="7 Hz,
H: 9.56 9.39 1248, 1380, 1442, 2910, CH,), 1.29(6H, t, J=7 Hz, CH,), 1.30—
2966, 3290(OH) 2.23(2H, m, CH,C), 3.80—4.43(5H, m,
CH,-O and OH)
CH, We failed also to prepare the corresponding carbonyl
| LDA ey S .
Me,;Si0-C-C=N —— addition compound (14) by the in situ reaction of
H diphenyl phosphonate with propionaldehyde in the
12 presence of sodium followed by trimethylsilylation.
On the other hand, trimethylsilyl diphenylphosphinite
CI‘.H3 ('JH;, (16) could be prepared according to the reported
Me;SiO-C-C=N —= -0-C-C:=N procedure.’® The phosphinite (16) underwent facile
| SliMe:3 addition reaction with propionaldehyde to afford the
=RX corresponding adduct (17). However, this adduct was
v .
cH, 0 E O Me,SiOP(OPh),
| I}
Me,SiO-G-C=N  CH,{SiMe, + CN- Me,SiO-G—P(OPh), 15
|
R H Me,SiOPPh,
13 14 16
to give a complex mixture. In this respect, the utility Et O
of oz-tri'rnethylsily.loxy phosphonates should be empha- Me3SiO—C'}—f’Ph2
sized since «-oxido phosphonates do not decompose !
owing to the stable chelation as shown in Scheme 1 l};

and exist in equilibrium with the reactive carbanion
species so that the alkylation proceeds under certain
conditions.  In this sense, it is interesting that Stork!?)
and other groups'?-14 reported the usefulness of anions
of protected cyanohydrins as acyl carbanion equivalents
which were also stabilized through intramolecular
chelations.

In order to avoid the Wittig rearrangement of a-
trimethylsilyloxy phosphonates, we attempted the pre-
paration of diphenyl a-trimethylsilyloxy phosphonates
(14) substituted by an electron-withdrawing group
such as P(O)(OPh), group in place of diethoxyphos-
phinyl group. However, diphenyl trimethylsilyl phos-
phite (15) could not be prepared as a pure material.

found to be rather unstable compared with 4. During
the isolation of 17 by means of silica gel column chro-
matography, its decomposition to a-hydroxypropylphos-
phinite was observed to a considerable extent. More-
over, the lithiation of 17 led to a complex mixture.

From the above results, we finally chose the diethyl
esters 1—7 as the precursors of acyl anion equivalents
for transformation of aldehydes to ketones. The alkyla-
tion of 1 was satisfactory and a variety of alkyl halides
could be employed. Since Table 1 suggested that at
higher temperatures the equilibrium between the «-
carbanion and the o-oxido ion was in favor of the
former, the alkylation of 2—6 was carried out by



226 Mitsuo SEKINE, Masashi NakaJiMA, Akiko Kume, Akio Hasmizume, and Tsujiaki Hata [Vol. 55, No. 1

TABLE 3. ALKYLATION OF a-TRIMETHYLSILYLOXY PHOSPHONATES (1—7)

Conditions for

Conditions for alkylation

Ph::?;w Sol1‘ \E;mt}ﬁr:n o RX TempfG  Time/h Product C?I?fd Yield/%
(equiv.) (equiv.)
OSiMe,
1 THF 0.5 Mel —78 0.5 Me-|-P(O)(OEt), 18 90
(1.15) (1.15) Ph
OSiMe,
1 THF 0.5 Etl —78 0.7 Et-|-P(O)(OEt), 19 87
(1.15) (1.2) Ph
OSiMe,
1 THF 0.5 n-Prl —78 1.3 n-Pr--P(O)(OEt), 20 81
(1.15) (1.25) Ph
OSiMe,
1 THF 0.5 n-Bul —78 0.8 n-Bu--P(O)(OEt), 21 84
(1.15) (1.3) Ph
OSiMe,
1 THF 0.5 i-Prl —78-rt. 24 i-Pr-|-P(O)(OEt), 22 80
(1.15) (1.35) Ph
OSiMe,
1 THF 0.5 PhCH,Br —78 0.5 Ph/N-P(O)(OEt), 23 85
(1.15) (1.15) Ph
OSiMe,
1 THF 0.5 PhCH,CH,Br —78-sr.t. 5 Ph_"-P(O)(OEt), 24 67
(1I.1) (1.15) Ph
OSiMe,
1 THF 0.5 A\Br —78 1.3 A\-P(O)(OEt), 25 88
(1.1) (1.25) Ph
OSiMe,
1 THF 0.5 N A\ Br —178 0.7 N A\ -P(O)(OEt), 26 67
(1.2) (1.25) Ph
OSiMe,
1 THF 0.5 ANAUBr —78 1.0 N\ ANAU-P(O)(OEL), 27 68
(1.2) d | | I pn
(1.25)
OSiMe,
1 THF 0.5 Me-S-S-Me —78 0.8 CH,S-|-P(O)(OEt), 28 69
(1.1) (1.05) Ph
OSiMe,
1 THF 0.5 Ph-S-S-Ph —178 0.5 PhS-|-P(O)(OEt), 29 81
(1.1) (1.2) Ph
OSiMe,
1 THF 0.5 Me,SiCl —78-r.t. 20 Me,Si-|-P(O)(OEt), 30 71
(1.1) (1.2) Ph
2 THF 0.5 Mel —78-r.t. 12 3 86
(1.05) (1.05)
2 THF 0.5 Etl —78-r.t. 1.0 4 77
(1.1) (1.2
OSiMe,
2 THF 0.7 PhCH,Br —78-r.t. 12 Ph\/'—P(O) (OEt), 31 80

(1.1)

(1.15)
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TABLE 3.

(Continued)

227

Conditions for

Conditions for alkylation

Phospho S%é;%‘atﬁ‘;e " RX Tempf G Timefn Product Compd yield)o
(equiv.) (equiv.)
OSiMe,
2 THF 0.5 PhCH,CH,I —78-rt. 3 h ,\/’—P(O)(om)2 32 48
(1.1) (1.2)
OSiMe,
2 THF 0.8 n-Bul 78t 4 N2 \/I-P(O)(OEt)z 33 41
(1.1) (1.15)
OSiMe,
3 THF 0.5 Mel 7851t 3 Mea’—P(O)(OEt)z 34 95
(1.1) (1.2) Me
OSiMe,
3 THF 0.5 PhCH,Br —785rt. 12 Me--P(O)(OEt), 35 76
(1.15) (1.15) \Ph
3 THF 0.7 PhCH,CH,Br —78-rt. 1.0 — 0
(1.15) (1.15)
OSiMe,
4 THF 5 Mel —785rt. 1.5 Et—l-P(O) (OEt), 36 84
(1.2) (1.2) Me
OSiMe,
4 THF 5 PhCH,Br —78-rt. 3 Et--P(O)(OEy), 37 58
(1.15) (1.15) Ph
5 THF 15 Mel —78->r.t. 3 74%, of 5 was recovered 0
(1.2) 1.2)
5 DME 1 Mel —78-r.t. 1.5 639 of 5 was recovered 0
1.1) (1.1)
OSiMe,
6 DME 1 Mel —78ort. 1.5 N /\/\/l-P(O)(OEt)2 38 86
(1.0) (1.05) Me
OSiMe,
6 DME 1 PhCH,Br —785rt. 1.3 AN /\/\/I—P(O) (OEt), 39 29
(1.1) (1.1) Ph/
OSiMe,
6 DME 1 n-Bul —T8rt. 2.5 AU\ /\/l-P(O)(OEt)2 40 13
(1.1) (1.1 NS
Ph
7 THF 0.5 Mel —78->rt. 0.8 \=< 41 57
(1.15) (1.2) P(O)(OEt),
N= Ph a
7 THF 0.5 N_Br —78-rt 4 \———< 2 19
1.1) (1.05) P(O)(OEt),
Ph
7 THF 1 H,0 —78 3 min N 43 41
(1.2) (3.7) P(O)(OEt),
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TasLE 4. ELEMENTAL ANALYSES AND H-NMR DATA OF ¢-ALKYLATED PHOSPHONATES (18—43)
Molecular Found Calcd 1H-NMR
Compound formula (%) (%) o
18 C;sH,,O,PSi2® (CDCl,) 0.27(9H, s, Me,Si), 1.30(3H, t, J=7 Hz, CH,), 1.38
(3H, t, J=7Hz, CH,), 2.05(3H, d, J=16Hz, CH,CP), 4.10
(4H, m, CH,-O), 7.40(3H, m, ArH), 7.61(2H, m, ArH)
19 C,sH,,O,PSi C: 55.51 55.79 (CCl,) 0.28(9H, s, Me,Si), 0.72(3H, t, J=7Hz, CH,), 1.08
H: 8.57 8.49 (3H, t, J=7Hz, CH,C-O), 1.30(3H, t, J=7Hz, CH,C-O),
2.29(2H, m, CH,CP), 3.29—4.32(4H, m, CH,OP), 7.17—7.41
(3H, m, ArH), 7.41—7.85(2H, m, ArH)
20 C,.H,,0,PSi C: 56.93 56.96 (CDCl,) 0.27(9H, s, Me,Si), 0.06—1.47 (11H, m, CH,CH, and
H: 8.78 8.78 CH,C-O), 1.98—2.48(2H, m, CH,CP), 3.30—4.30(4H, m,
CH,-O), 7.05—7.34(3H, m, ArH), 7.34—7.63(2H, m, ArH)
21 C,sH,;,0,PSi C: 58.36 58.03 (CDCl,) 0.27(9H, s, Me,Si), 0.67—1.50(13H, m, CH,CH,CH,C
H: 9.07 8.93 and CH,C-0), 2.27(2H, m, CH,CP), 3.33—4.38(4H, m, CH,-O),
7.30(3H, m, ArH), 7.98(2H, m, ArH)
22 C,,H;,0,PSi C: 56.56 56.96 (CDCl,) 0.25(9H, s, Me,Si), 0.77(3H, d, J=7 Hz, CH,), 0.98
H: 8.72 8.72 (3H, d, J=7Hz, CH,), 0.92(3H, t, J=7Hz, CH,C-O), 1.31
(3H, t, J=7Hz, CH,), 2.18—2.85(1H, m, CH), 3.00—4.32
(4H, m, CH,-O), 7.08—7.31(3H, m, CH), 7.31—7.64(2H, m,
ArH)
23 C,,H,,0,PSi C: 63.15 62.83 (CDCl,) 0.25(9H, s, Me,Si), 0.96(3H, t, J=7Hz, CH;), 1.18
H: 8.14 7.91 (8H, t, J=7Hz, CH,), 1.83—2.80(4H, m, CH,CH,), 3.08—
4.25(4H, m, CH,-O), 6.98(5H, s, ArH), 6.77—7.63(5H, m,
ArH)
24 C,,H,,0,PSi C: 61.64 62.04 (CDCl,) 0.19(9H, s, Me,Si), 1.05(3H, t, J=7Hz, CH;), 1.31
H: 7.87 7.69 (3H, t, J=7Hz, CH,), 3.30—4.34(6H, m, CH,Ph and CH,-
0), 6.90(5H, s, ArH), 6.95—7.29(3H, m, ArH), 7.29—7.62
(2H, m, ArH)
25 C,,H,,0,PSi C: 57.00 57.28 (CDCl,;) 0.28(9H, s, Me,Si), 1.10 and 1.29(3H and 3H, t and
H: 8.24 8.20 t, /=7 Hz, CH,C-0O), 3.08(2H, dd, J=7 Hz, J=7 Hz, CH,CP),
3.38—4.37(4H, m, CH,0), 4.86—5.26(2H, m, CH,=C), 5.28
—5.80(1H, m, C=CH), 7.30(3H, m, ArH), 7.58(2H, m, ArH)
26 C,sH;,0,PSi C: 58.84 58.35 (CDCl,) 0.21(9H, s, Me,Si), 1.06 and 1.23(3H and 3H, t and
H: 8.35 8.43 t, J=7Hz, CH,;), 1.50(3H, d, J=5Hz, CH;-C=C), 2.95(2H,
m, CH,CP), 3.30—4.27(4H, m, CH,-O), 4.77—5.63(2H, m,
CH=CH), 7.20(3H, m, ArH), 7.47(2H, m, ArH)
27 C,,H,,0,PSi C: 63.42 63.68 (CDCl,) 0.25(9H, s, Me,Si), 1.10(3H, t, J=7Hz, CH;), 1.32
H: 9.01 9.13 (3H, t, J=7Hz, CH,;), 1.60(9H, s, CH,;-C=C), 1.95(4H, b,
CH,CH,), 3.05(2H, dd, J=7 Hz, J=7 Hz, CH,CP), 3.40—4.40
(4H, m, CH,~O), 4.98(2H, m, C=CH), 7.28(3H, m, ArH), 7.52
(2H, m, ArH)
28 C,;H,,0,PSSi C: 49.36 49.70 (CDCL,) 0.27(9H, s, Me,Si), 1.15 and 1.27(3H and 3H, t and
’ H: 7.46 7.51 t, J=7Hz, CH;), 2.03(3H, s, CH,S), 3.60—4.33(4H, m, CH,-
S: 8.74 8.84 0O), 7.13—7.37(3H, m, ArH), 7.50—7.75(2H, m, ArH)
29 C,,H,,0,PSSi C: 56.42 56.58 (CDCl,) 0.33(9H, s, Me,Si), 1.11 and 1.30(3H and 3H, t and
H: 7.03 6.88 t, /=7 Hz, CH,), 3.47—4.37(4H, m, CH,-0O), 6.99(5H, s, ArH),
S: 7.72 7.55 6.80—7.70(5H, m, ArH)
30 C,,H,,0,PSi C: 52.48 52.55 (CCl,) 0.05(9H, s, Me,Si), 0.23(9H, s, Me,Si), 1.05 and 1.36
H: 8.40 8.56 (3H and 3H, t and t, J=7Hz, CH,) 3.36—4.50(4H, m, CH,-
O), 7.10—7.80(5H, m, ArH)
31 C,;H,,0,PSi2® (CC1,) 0.17(9H, s, Me,Si), 1.33(6H, t, J=7Hz, CH;), 2.37—
3.37(2H, m, CH,CP), 3.73—4.37(5H, m, CH and CH,-0O), 7.17
(5H, s, ArH)
32 C,;¢H,,0,PSi C: 55.72 55.79 (CCl,) 0.15(9H, s, Me,Si), 1.28(6H, t, J=7Hz, CH,), 1.50—
H: 8.60 8.49 2.20(2H, m, CH,CP), 2.20—3.09(2H, m, CH,CCP), 3.33—4.32

(5H, m, CH and CH,-O), 7.10(5H, m, ArH)
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TasLE 4. (Continued)
Molecular Found Calcd H-NMR
Compound  “¢ ula (%) (%) 5
33 C,,H,,0,PSi C: 48.71 48.62 (CCl,) 0.17(9H, s, Me,Si), 0.91(3H, t, J=7 Hz, CH,), 1.28(6H,
H: 9.82 9.86 t, J=7Hz), CH;), 1.05—1.90(6H, m, (CH,),) 3.50—3.88(1H,
m, CH), 3.70—4-28(4H, m, CH,-O)
34 C H,OPSi  C: 44.70 44.76  (CCl) 0.15(9H, s, Me,Si), 1.30(6H, t, CH,), 1.37(6H, d, J=
H: 9.40  9.30  14.5Hz, CH,CP), 3.79—4.32(4H, m, CH,-O)
35  C,H,OPSi  C:55.96 55.79 (CCl) 0.16(9H, s, Me,Si), 1.18(3H, d, J—14Hz, CH,CP),
H: 8.52  8.49 1.18(6H, t, J=7Hz, CH,), 2.74(2H, m, CH,CP), 3.94(4H, m,
CH,-0), 7.01(5H, s, ArH)
3  C,H,OpPSi®» (CCL,) 0.13(9H, s, Me;Si), 0.91(3H, J=7.2 Hz, CH,) 1.30(6H,
t, J=7Hz, CH,), 1.34(3H, d, J=16 Hz, CH,CP), 1.40—2.00
(2H, m, CH,CP), 4.08(4H, m, CH,-O)
37 C,,H;,0,PSi C: 56.47 56.96 (CCl,) 0.12(9H, s, Me,Si), 0.89(3H, t, J=6.5Hz, CH;), 1.05
H: 8.87 8.72 (34, t, J=7Hz, CH,), 1.12(3H,t, J=7 Hz, CH,), 1.65(2H,
m, CH,C), 2.80(1H, d, J=12Hz, one of CH,Ph), 2.82(1H, d,
J=10Hz, one of CH,Ph), 3.85(4H, m, CH,-O), 6.99(5H, s,
ArH)
38  C,H,O,PSi  C:54.07 5451 (CCl) 0.19(9H, s, Me,Si), 0.89(3H, t, J—5.8Hz, terminal
H: 11.02  10.58  CHj), 1.10—1.95(21H, m, (CH,), and .CH, and CH,CP), 4.00
(4H, m, CH,-O)
3  C,H,OFSi  C:61.33 61.65 (CDCL) 0.159H, s, Me,Si), 0.60—1.77(21H, m, CH,C-O and
H: 9.73  9.64  heptyl), 2.82(2H, d, J=10 Hz, CH,Ph), 3.83(4H, m, CH,-O),
6.96(5H, s, ArH)
40  C,H,OPSi  C:58.13 57.83 (CCl) 0.18(9H, s, Me,Si), 0.70—2.05(30H, m, heptyl and
H: 11.19 10.98 butyl and CH,C-O), 3.77—4.30(4H, m, CH,-O)
41  C,H,OP C: 61.51 61.41 (CCl) 1.31(6H, t, J=7Hz, CH,), 1.98(3H, dd, J=14.5Hz,
H: 7.72  7.53 J=1.2Hz C-CCH,), 3.78—4.28(4H, m, CH,-O), 7.21 (5H, s,
ArH), 7.28(1H, dd, J=24Hz, J=1.2 Hz, CH-C)
42 CH,OP(4H,0) C: 64.44 64.31  (CCl) 1.30(6H, t, J=7 Hz, CH,), 1.65(3H, m, G-CCH), 3.07
H: 7.90  7.93 (2H, d, J=19Hz, C-CCH), 3.98(4H, m, CH,-O), 5.41(2H, m,

43 Cy,H,,O5P%

CH-=CH), 7.21(5H, s, ArH), 7.32(1H, d, J=25Hz, CH=CP)
(CCl,) 1.29(6H, t, J=7Hz, CH,), 4.01(4H, m, CH,-O), 6.10
(1H, dd, J=17Hz, J=17Hz, C=CHP), 7.33(1H, dd, J=22
Hz, J=17 Hz, PhCH=), 7.30(5H, m, ArH)

raising the temperature from —78 °C to room tem-
Consequently, the alkylated products 3, 4,
and 31—40 were obtained in good yields.
alkylation was performed at —78 °C,

perature.

When the
the alkylated

phosphonates, which in turn were treated with dilute
sodium hydroxide solution to give the carbonyl com-
pounds. The alkylated «-silyloxy phosphonates were
converted also directly to ketones by the alkaline treat-

product was not obtained and the Wittig rearrange-
ment product was recovered. In the case of the
alkylation of 7 having a relatively acidic f-proton,
(E)-1-alkenylphosphonates were obtained as the main
products (41—43). These conditions and results are
summarized in Table 3. The conversion of the a«-
alkylated products into carbonyl compounds is illus-
trated in the following scheme. Acid treatment of

OH
R1-C-R®
Method A,/ I|’(())(C)Et)z AN
(l)SiMea H+ /1 OH- \ ?
R-C-R? R!-C-R?
5 (0)(OED), Method B

the alkylated products gave quantitatively o-hydroxy

ment as reported in a previous communication.®)
These results are summarized in Table 5. In the
case of the preparation of f,y-unsaturated ketones,
Method A was found to be essential. When Method
B was employed, considerable amounts of isomers of
«,f-unsaturated ketones were formed. However, the
conversion of 31 into aldehyde under the conditions
of Method A or Method B led to the aldol condensa-
tion product as the main product. It is generally
recognized that adducts of aldehydes with nucleophiles,
such as alcohols, sodium sulfite, and hydrogen cyanide,
are more stable than those of ketones under neutral
or alkaline conditions.’® The aldol condensation prod-
uct seems to be formed predominantly owing to the
relatively slow cleavage of P-C bond in the a-hydroxy
phosphonates initially formed by alkali. In fact, when
31 was treated with 0.5 M NaOH-EtOH (1:1, v/v)
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TABLE 5. CONVERSION OF THE &-ALKYLATED
o-TRIMETHYLSILYLOXY PHOSPHONATES
TO CARBONYL COMPOUNDS
Phospho- . .
nate Method (time) Product Yield/%,
H+: 30 min
18 A { - 30mi 0 4“4 90
_ OH-: 20 mfn oh PN
B 20 min 86
H+: 90 min Q
19 A {OH—: 5 min Ph)K/ 45 90
H+: 3.5h 0o
2 A { . 46 8l
OH-: 10
o Ph) \/\
B 20 min 88
21 A [H: 40min )0\/\/ 7 %M
OH-: 60 min Ph
(0]
20 B 2.5h ) 48 83
Ph
23 B 30 mi i 9 95
min
P\ P
H+: 90 min 0o
24 {OH—: omin 50 93
B 30 min Ph 94
H+: 4h 9
B A [y m A 136
H+: 5h i
% A {O}f—: 80s  mA\As 2 96
)0
H+: 60 min
27 A {OH_: S0 min gy, W\/yss 80
0]
35 B 30min N g, 54 82
H+: 30 min o
3 A0 amin S B
[0}
3 B 0min AAAN 56 85
[0}
28 B 15min o gy 57 69
0]
29 B 0mmn , AN, 58 9%
o]
30 B 45 min 59 91

o

a) See Experimental.

and the reaction was quenched quickly after 1 min,
diethyl 1-hydroxy-3-phenylpropylphosphonate (60) was
isolated in quantitative yield. When 60 was further
treated with the same alkali, the aldol condensation
product was obtained as the main product. Therefore,
our efforts were focussed on the P-C bond cleavage
of 31 under milder conditions where the aldol con-
densation could be avoided. Thus, various conditions
were tested in order to obtain aldehydes selectively.
Finally, it was found that 3-phenylpropionaldehyde
(61) could be obtained from 60 in 719, yield by em-
ploying the conditions of dilute sodium hydrogencar-
bonate in aqueous methanol under reflux for 2 h.
In a similar manner, octanal (62) was obtained in
809, yield from 5.

Synthesis of [-Alkylated Esters and Lactones. In
order to extend the utility of 1:1 carbonyl adducts
of DTMSP, we examined alkylation of 1,2-addition
products obtained from DTMSP and «,f-unsaturated
aldehydes.

The reaction of DTMSP with «,f-unsaturated al-
dehydes provided predominantly 1,2-carbonyl addition
compounds (64—66).4*) In the case of acrylaldehyde,
1,4-addition product (67), however, was formed along
with the 1,2-carbonyl adduct (63). These products
could not be separated by distillation or column chro-
matography. In order to separate 63 from the mix-
ture, it was first treated with acid for removal of the
trimethylsilyl group and the resulting «-hydroxy phos-
phonate (68) was obtained by column chromatography.
This material was further trimethylsilylated by treat-
ment with N, N-diethyltrimethylsilylamine to afford 63.

OSiMe,
1
H,C-CH-C—P(O)(OEt), —
|
H
63 H*
.
+
o)
It
(EtO),P-CH,~-CH-CHOSiMe, —
67
OH
| Me;SiNEt,
H,C=CH-C—P(O)(OEt), ——— 63
|
H
68
+
o) (o)

(EtO),P-CH,CH,CH

It was found that the alkylation of these 1,2-ad-
dition products occurred at the y-position to give (E)-
1-(trimethylsilyloxy)-1-alkenylphosphonates (69), while
deuteration of the lithio derivatives gave a-deuterated
1-trimethylsilyloxy ~phosphonates exclusively. These
results are of interest since Hunig!® reported that
the 1,2-adducts of trimethylsilyl cyanide with un-
saturated aldehydes were transformed to a-alkylated
products exclusively on treatment with LDA follow-
ed by alkyl halides. Stork™) also described that a
similar alkylation of protected cyanohydrins of eo,f-
unsaturated aldehydes resulted in the exclusive for-
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TABLE 6. PREPARATION OF B-SUBSTITUTED ESTERS (71—84)

231

Conditions for

Conditions for

Phosphenate alkylation esterification Product C‘;\?:)pd Yield/%,
R’X(eqiuv.)® R”OH :
66 Mel (1.15) EtOH
—78°C, 1h 78°C, 1h 0 N 63
PhA oA
Mel (5.5) EtOH 76
—78°Cr.t. 3h 78°C, 1h
n-PrI(1.15) EtOH o
—78°C, 30 min 78°C, 2h BN 7 7
iPrI(1.1) EtOH
( : o 73 84
—78°Cor.t. 3h - 78°C, 2.5h PhX)\O,\
PhCH,Br (1.15) EtOH Ph
—78°C, 30 min 78°C, 2.5h 'l)ok " 89
PRV NN
allyl-Br (1.1) EtOH
—78°C>r.t. 40min  78°C, 2.5h %0\ 7 81
Ph oN
PhCHzcﬂzBl‘ (l . l) EtOH Ph O
e R 76 69
78 °C—r.t. 4.5h 78°C, 2.5h Ph/\/VKO/\
Me,SiCl (1. 15) EtOH
—78°C—rt. 5h 78°C, 2h NP 7 49
IR
Me,SiBr (1.1) EtOH A
—78°C—>r.t. 2h 78°C, 4h Ph 0 52
65 PhCH,Br (1.2) EtOH PrS o ; 51
—78°C, 40 min 78°C, 2.5h /\l)ko’\ 8
n-Bul (1.15) PhCH,CH,0H(5 ml)
—78°C, 30 min 80°C, 3h’ VAR AP 79 ®
n-Bul (1.1) n-BuOH
—78°C, 30 min 80°C, 3h \/&)0 80 32
Lo
64 PhCH,Br (1.1) EtOH
—78°C, 1h 78°C, 6h o 81 &
Ph\A)ko/\
PhCH,CH,Br(1.05)  EtOH 0 - “
— o
78°C, 1h 78°C, 6h o AAAA
63 PhCH,Br (1.1) EtOH o
—78°C, 1h 78°C, 6h LAY IN 83 1
n-Bul (1.2) EtOH o
—78°C, 1h 78°C, 6h Ao 8 5

a) The amount of LDA employed was almost the same as’ that of alkyl halide in

cach experiment,
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TaBLe 7. ELEMENTAL ANALYSES AND H-NMR DATA OF. B-SUBSTITUTED ESTERS (71—84)

Compound

Molecular
formula

Found
(%)

Calcd
(%)

1H-NMR(CCI,)
6

71

72

73

74

75

76

77

78

79

81

82

84

CI2H160228)

C14H2002

CldH2002

CISH2002

CIAHISOZ .

CIQHZZOzzs)

CyH,,0,8i30

C 15H22O2

CISH2802

CI4H2802

C13H180231)

CI4H200232)

CI2H160233)

C9H180234)

_E.O orlle)} .."_FO

o

oo T o

oo

: 76.75

9.21

: 76.18

9.09

. 80.52

7.60

. 77.19

8.31

: 76.58

9.43

. 78.50
. 10.07

: 73.09
: 12,14

76.33
9.15

76.33
9.15

80.56
7.51

77.03
8.31

76.88
9.46

78.21
10.21

73.62
12.36

1.10(3H, t, /=7 Hz, CH,), 1.27(3H, d, /=8 Hz, CH,CPh), 2.45
(2H, d, J=8 Hz, CH,(C=0)), 2.91—3.53(1H, m, CH), 3.97(2H,
q, J=7Hz, CH,-0), 7.12(5H, s, ArH)

0.87(3H, t, CH,), 1.10(3H, t, J=7 Hz, CHj), 1.00—1.85(4H, m,
CH,CH,), 2.50(2H, d, J=7.5Hz, CH,(C-0)), 2.82—3.35(1H,
m, CH), 3.95(2H, q, CH,-O), 7.10(5H, s, ArH)

0.73 and 0.93(3H and 3H, dd, J=6.5Hz, (CH,);C), 1.00(3H,
t, J=7Hz, CH,), 1.40—2.20(1H, m, CH), 2.33—3.04(3H, m,
CH-CH,(C=0)), 3.87(2H, q, J=7 Hz, CH,-0), 7.10(5H, s, ArH)

1.00(3H, t, J=7Hz, CH,), 2.50(2H, d, J=6.5Hz, CH,(C-0)),
2.83(2H, d, J=7.5Hz, CH,Ph), 3.10—3.60(1H, m, CH), 3.88
(2H, q, CH,-O), 7.00(5H, s, ArH), 7.05(5H, s, ArH)

1.07(3H, ¢, J=7 Hz, CH,), 2.50(2H, t, J=7 Hz, C=C-CH,), 2.50
(2H, d, J=6 Hz, CH,(C=0)), 2.80—3.40(1H, m, CH), 3.93(2H,
@, J=7Hz, CH,-0), 4.70—5.10(2H, m, CH,=C)

1.04(3H, t, J=7 Hz, CH,), 1.65—2.10(2H, m, PhCCH,), 2.23—
2.58(4H, m, PhCH, and CH,(C-0)), 2.80—3.40(1H, m, CH),
3.90(2H, q, J=7 Hz, CH,-0), 7.03(5H, s, ArH), 7.13(5H, s, ArH)

0.09(9H, s, Me,Si), 1.16(3H, t, J=7 Hz, CHy), 2.76(2H, s, CH,-
(C=0)), 2.79(1H, b, CH), 4.25(2H, q, J=7Hz, CH,-0O), 7.09
(5H, m, ArH)

0.87(3H, t, J=5.5Hz, CH,), 1.21(3H, t, J=7Hz, CH,;C-O),
1.30(4H, b, CH,CH,), 2.20(2H, s, CH,(C=0)), 2.21(1H, m, CH),
2.57(2H, m, PhCH,), 4.03(2H, q, J=7 Hz, CH,-0O), 7.11(5H, s,
ArH)»

0.88(6H, m, CH,), 1.25(10H, m, (CH,), and CH,CH,), 1.50—
1.10(1H, m, CH), 2.12(2H, d, J=>5Hz, CH,(C=0)), 2.85(2H, t,
CH,Ph), 4.20(2H, t, CH,-O), 7.15(5H, s, ArH)

2.15(1H, d, J=5Hz, one of CH,(C=0)), 2.17(1H, d, J=7 Hz,
one of CH,Ph), 4.03(2H, t, J=6 Hz, CH,-O)

0.80—1.00(3H, m, CH,), 1.28(3H, 7, J=7 Hz, CHy), 1.87—2.90
(5H, m, PhCH, and CH,(C-=O) and CH), 4.03(2H, q, J=7Hz,
CH,-0), 7.10(5H, s, ArH)

0.97(3H, d, J=6Hz, CHy), 1.18(3H, t, J=7Hz, CHj), 1.36—
1.83(2H, m, PhCCH,), 1.83—2.28(3H, m, CH,(C-O) and CH),
9.56(2H, t, J=7.5Hz, PhCH,)

1.25(3H, t, J=7Hz, CHy), 1.70—2.43(4H, m, CH,CH,(C-0)),
2.65(2H, m, PhCH,, J=7Hz), 4.07(2H, q, CH,-O), 7.15(5H,
s, ArH)

0.53—1.43(14H, m, pentyl and CH;), 2.20(2H, dd, J=9.4Hz,
J=8 Hz, CH,(CO)), 4.06(2H, q, CH,-O)

a) In this case, CDCl; was used as the solvent.

mation of a-alkylated products. Owur results are in
contrast to their two reports. The results of the highly
regioselective y-alkylation in the present reaction might
be due to steric hindrance of the neighboring phos-
phoryl group. The (E)-1-(trimethylsilyloxy)-1-alkenyl-
phosphonate 69 were sensitive toward moisture during
work-up and tend to decompose gradually into acyl-
phosphonates (70). Acylphosphonates are known to
be labile toward moisture and decompose into carb-

oxylic acids and dialkyl phosphonates.'” It-has been
reported that reactions of acylphosphonates with nu-
cleophiles such as alcohols,'® amines,'8¢1% and carb-
anions?® gave acylated products. Because of the in-
stability of the alkylated products, the reaction mix-
ture was further treated with alcohols in the presence
of p-toluenesulfonic acid, whereupon the alkylated prod-
ucts were successfully converted via acylphosphonates
to p-alkyl-substituted esters (71—84). These results
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were summarized in Table 6.

OSiMe,
; LDA  R®X

R!-CH-CH-CH—P(O)(OEt); — —

63—66
63: Ri=H 65: R'=n-Pr
64: R!'=Me 66: R'=Ph
RIRHC\ ,OSiMe, RIOH/H*

=C —

H” \P(O)(OEt),
69a: R'==Ph, R?=Me
69b: R1=Ph, R2=CH,Ph
69c: R'=n-Pr, R2=CH,Ph
O O O
i I R3OH/H* It
R*R2CHCH,C—P(OEt), —— R!R:CHCH,COR?

70 71—84

In a similar manner, benzoylation of the lithio de-
rivative of 66 followed by treatment with alcohols
under alkaline or acidic conditions or with aqueous
sodium hydroxide solution gave the products depicted
in the following scheme.

0SiMe, Q
| LDA  PhCCl
PhCH-CH-CH-P(O)(OEt), —> ——>
66
Phy
c-0 _OSiMe,
CH-CH=C
Ph/ \P(O)(OEt),
85
Ph
C=0 O
ELOH/H* | 1
SN CH-CH,-COLt 369,
reflux Ph”
86
Phe
C=0 O
McONa/McOH | 1l
85— CH-CH,-COMec 569
Ph/
87
Phy
C=0 O
NaOH/dioxane | 1
AN CH-CH,-C-OH 739,

Ph/
88

Next, we examined the lactonization in term of
intramolecular acylation utilizing the promising feature
of acylphosphonate intermediates as acylating species.
By treatment of the lithiated derivatives of 64—66
with aldehydes, 4-hydroxy-1-trimethylsilyloxy-1-alken-
ylphosphonates (89) could be expected to be formed.
These phosphonates were also expected to be con-
verted by acid treatment into 4-hydroxy-1-oxoalkyl-
phosphonates (90), which would be cyclized under
such acidic conditions to give lactones. Thus, several
‘lactones (91—95) were obtained by one-pot reaction
in good yields. These results are summarized in Table
8. Evans has recently reported a similar type of lac-
tonization utilizing 1:1 carbonyl addition products of

Versatile Utility of a-Silyloxy Phosphonates 233

triethylsilyl N,N,N’,N’-tetramethylphosphorodiamidite
with «,f-unsaturated aldehydes in which tetrabutyl-
ammonium fluoride was used for the removal of the
trimethylsilyl group and for the cyclization.2)

R’

LDA  R'CHO (.]H—OH ,OSiMe,
64—66 — — CH-CH=C
RY/ \P(O)(OEt),

,\
CH-OH}O O

RV(’JH-(:Hz-(":_i')(om)2

H*/dioxane
ey
reflux, 10 min

90
R'™,0O
CH \
- |
CH
R “CH,

9195
In conclusion, it is noted that 1:1 carbonyl adducts
of aldehydes with DTMSP could be used widely as

the precursors of acyl anion equivalents and homo-
enolates.

C=0

Experimental

NMR spectra were measured at 60 MHz on a Hitachi
R 24-B spectrometer. IR spectra were recorded on a Hitachi
Model EPI-G3 spectrophotometer.

Materials. Tetrahydrofuran (THF) and 1,2-dimeth-
oxyethane (DME) were distilled over potassium hydroxide
after reflux for 6 h, redistilled over sodium wire after reflux
for 6 h, and finally purified by distillation from benzophenone
ketyl. Alkyl halides, acyl halides, carbonyl compounds,
and other reagents were purified by distillation or recrys-
tallization before use. Diethyl trimethylsilyl phosphite
(DTMSP) was prepared according to the method previously
reported.) Butyllithium (2—3 M) in hexane, kindly gifted
from Sankyo Kasei Co., was used after titration.

All lithiation, alkylation, and acylation reactions were
carried out under argon atmosphere.

Diethyl  a-( Trimethylsilyloxy) benzylphosphonate (1 ).

Method A: To a solution of DTMSP (6.18 g, 29.4 mmol)
in dry benzene (5 ml) was added dropwise benzaldehyde
(3.21 g, 30.2 mmol) with continuous stirring. The mixture
was stirred at room temperature for 6h. After removal
of the benzene in vacuo, distillation gave 1 (8.49g, 919%):
Bp 118—123 °C/0.08 mmHg! (lit,?» 124—125 °C/1.0—1.5
mmHg); NMR(CDCl;) ¢ 0.25(9H, s, Me,Si), 1.37(6H, t,
J=7Hz, CH,), 4.18(4H, m, CH,), 5.15(1H, d, J=14
Hz, CHP), 7.50(5H, m, ArH). Found: C, 53.38; H, 8.07%,.
Calcd for C,;H,;0,PSi: C, 53.14; H, 7.96%.

Method B: Diethyl phosphonate (6.61 g, 47.9 mmol) was
added dropwise to sodium (1.18 g, 51.3 mmol) in dry ether
(50 ml). Exothermic reaction took place with evolution of
hydrogen gas and a white precipitate was formed gradually.
After 3h benzaldehyde (4.82 g, 45.4 mmol) was added.
The precipitate was dissolved at once and the solution turned
bright brown. Then, chlorotrimethylsilane (5.11g, 47.0
mmol) was added, and a precipitate appeared. After re-
moval of the ether, distillation without separation of the
precipitate gave 1 (9.64g, 67%).

Diethyl  Trimethylsilyloxymethylphosphonate (2). Diethyl

t 1 mmHg=~133.322 Pa.
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TaBLE 8. PREPARATION OF LACTONES (91—95) FroM 64—66

Aldehyde or . . Compd Yield/%
Adduct ketone Time/min Product No. (trans /cissb)
Ph
o]
64 PhCHO 40 91 51(75/25
CH,'K_A\ o (75/25)
Ph
65 PhCHO 60 92 54(75/25)
~L,
F-a 78 (85/15)
66 PhCHO 40 Phao 93 (509, "TBAF)
66 i-C,H,CHO 40 Ph{z;i o 94 80 (60/40)

66 <:>:o 40

;%OL 95 33
Ph 0

a) In these reactions 1.2 equiv. of aldehyde or ketone was employed. b) The ratio of trans/cis was calculated
on the base of the NMR spectra of 91—94 (see Table 9).

TasLe 9. 'H NMR DpATA OF LACTONES (91—95)
Compound H NMR&(CDCI"')

91 0.60(3H, d, J=7Hz, trans CH,), 1.03(3H, m ¢is CH;), 1.90—2.97(3H, m, CH, and CHC-O),
4.80(1H, d, J=8Hz, cis CH-O), 5.46(1H, d, trans CH-O), 7.20(5H, m, Ph)

92 1.43—0.53(7H, m, CH,(CH,),), 2.50(3H, m, CH, and CH-O), 4.93(d, J=7 Hz, ¢is CH-O), 5.53
(1H, d, J=7 Hz, trans CH-O), 7.23(5H, m, Ph).

93 2.90(2H, m, CH,), 3.50(1H, m, CHC-O), 5.35(1H, d, J=8Hz, trans CH-O), 5.73(1H, d, J=
7Hz, ¢is CH-O), 7.17(10H, s, Ph)

94 0.93(6H, m, CHj;), 1.87(1H, m, CH(CH,),), 2.70(2H, d, J=7 Hz, ¢is CH,), 2.85(2H, d, J=7 Hz,
trans CH,), 3.43(1H, m, CHC-O), 4.27(1H, d, J=7Hz, trans CH-O), 4.37(1H, d, J=7 Hz, cis
CH-O), 7.27(5H, s, Ph)

95 0.50—2.33(10H, m, (CH,);), 2.89(2H, m, CH,C(O)), 3.43(1H, m, CH), 7.13(5H, s, Ph)

phosphonate (6.02 g, 43.6 mmol) was added to sodium (1.2
g, 52.2 mmol) in dry ether (20 ml). After stirring for 2 h,
paraformaldehyde (1.50 g, 50.0 mmol) in dry ether (10 ml)
was added. A white precipitate appeared at once but it
was dissolved on addition of chlorotrimethylsilane (5.85
g, 53.8 mmol). The mixture was stirred at room tempera-
ture for 6 h. After removal of the solvent distillation gave
2 (7.20 g, 69%): Bp 72—75 °C/0.6 mmHg (1it,>» 113 °C/9
mmHg); NMR (CDCl;) ¢ 0.13(9H, s, Me;Si), 1.30(6H,
t, J=7Hz, CH,;), 3.75(2H, d, J=9Hz, CH,P), 3.80—
4.32(4H, m, CH,0). Found: C, 40.04; H, 8.66%,. Calcd
for CgH,,O,PSi: C, 39.98; H, 8.819%,.

Diethyl 1-( Trimethylsilyloxy)ethylphosphonate (3). To a
solution of DTMSP (11.0g, 52.3 mmol) in dry benzene
(20 ml) was introduced acetaldehyde (90 mmol) which was
generated from paraaldehyde by heating with a catalytic
amount of p-toluenesulfonic acid (TsOH). After standing
for 4 h, the solvent was removed in vacuo and distillation
afforded 3 (11.7g, 88%): Bp 62—63 °C/0.4 mmHg (lit,?»
82 °C/1 mmHg); NMR(CCl,) ¢ 0.15(9H, s, Me,Si), 1.29
(6H, t, J=7 Hz, CH;C-0), 1.33(3H, dd, /=7 Hz, J=16.5

Hz, CH,CP), 3.78—4.22(5H, m, CH,O and CHP).

Diethyl 7-( Trimethylsilyloxy) propylphosphonate (4). To a
solution of DTMSP (5.66 g, 26.9 mmol) in dry benzene
(10 ml) was added dropwise propionaldehyde (1.74 g, 30.0
mmol) at room temperature. After being stirred for 6 h,
the solution was concentrated in vacuo and the residual
oil was distilled to give 4 (5.30g, 72%): Bp 80—82 °C/I
mmHg; IR(NaCl) 968, 1030, 1060, 1117, 1170, 1230, 1255
(vP=0), 1394, 1448, 1460, 2970 cm~*; NMR(CCl,) § 0.15
(9H, s, Me,Si), 0.99 (3H, t, J=7 Hz, CH,CC), 1.34(6H,
t, /=7 Hz, CH,C-0O), 1.10—1.85(2H, m, CCH,C), 3.51—
3.80(1H, m, CHP), 3.80—4.35(4H, m, CH,0). Found:
C, 44.44; H, 9.819%. Caled for C,H,;0,PSi: C, 44.76;
H, 9.39Y%.

Diethyl 1- Trimethylsilyloxy-2-methylpropylphosphonate (5).
To a solution of DTMSP (7.58 g, 36.0 mmol) in dry benzene
(I15ml) was added isobutyraldehyde (2.80 g, 38.8 mmol)
dropwise at room temperature. The mixture was stirred
for 6 h. The usual work-up as described before gave 5 (8.65
g, 83%): Bp 69—72 °C/0.35 mmHg; NMR(CCL) § 0.14
(9H, s, Me,Si), 0.97(6H, d, J=7.3Hz, (CH,),C), 1.31
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(6H, t, J=7Hz, CH,C-O), 1.62—2.40(1H, m, CHCP),
3.59(1H, dd, J=7.5 Hz, J=4.5 Hz, CHP), 3.78—4.31(4H,

m, CH,O). Found: C, 46.75; H, 9.64%. Calcd for
Cy,H,,0,PSi: C, 46.78; H, 9.649%.
Diethyl 7-( Trimethylsilyloxy )octylphosphonate (6). To a

solution of DTMSP (18.3g, 87.1 mmol) in dry benzene
(10 ml) was added dropwise octanal (9.67 g, 75.4 mmol)
at room temperature. After stirring for 3 h, the solvent
was removed and distillation of the residual oil gave 6 (23.1
g, 919%): Bp 104—105 °C/0.04 mmHg: NMR(CCl,) ¢ 0.15
(9H, s, Me,zSi), 0.92(3H, t, J=4.5Hz, terminal CHj),
1.32(6H, t, J=7Hz, CH,C-O), 1.31(12H, m, (CH,)s),
3.73(1H, m, CHP), 3.75—4.35(4H, m, CH,O). Found:
C, 52.85; H, 10.55%. Calcd for C;;Hy;;O,PSi: C, 53.22;
H, 10.429%,.

General Procedure for the Synthesis of Diethyl 1-Hydroxy-
7-(trimethylsilyl) alkylphosphonates (8—10). The Wittig
Rearrangement of Diethyl 1-( Trimethylsilyloxy ) alkylphosphonates
(2—4). To a cold solution (—78 °C) of diisopropyl-
amine (0.5 ml, 3.58 mmol) in dry THF (10 ml) or DME
(10 ml) was added butyllithium (3.58 mmol) in hexane.
After 0.5h, an appropriate 1-trimethylsilyloxyphosphonate
(2—5) was added. The mixture was stirred at —78°C
for the time given in Table 1, and then or after warming
to room temperature the resulting solution was poured into
a vigorously stirred mixture of 1M NH,Cl (20 ml) and
CH,Cl, (20 ml). The CH,CI, layer was collected and the
aqueous layer was further extracted with CH,Cl, (3x10
ml). The organic extracts were combined, dried over
Na,SO,, and concentrated in vacuo. The residue was chro-
matographed on silica gel (hexane—ether) to give a 1-hydroxy-
1-(trimethylsilyl)alkylphosphonate (8, 9, or 10) and the
starting phosphonate. The physical properties of the new
compounds 8—10 are listed in Table 2.

Trimethylsilyl Diphenylphosphinite (16).1%) A mixture of
diphenylphosphine oxide (10.5g, 52 mmol) and N,N-di-
ethyltrimethylsilylamine (9.08 g, 62.5 mmol) was stirred at
room temperature for 4 h under slightly reduced pressure.
Distillation gave 16 (12.8g, 89%): Bp 110 °C/0.8 mmHg.
This compound was identified with an authentic sample
reported by Issleib by comparison with its physical data.!®

[7-( Trimethylsilyloxy) propylldiphenylphosphine Oxide (17).
To a solution of propionaldehyde (1.17 g, 20.2 mmol) in
dry benzene (10 ml) was added 16 (5.41g, 19.7 mmol).
The exothermic reaction took place. After the mixture
was stirred at room temperature for 3 h, the solvent was
removed in wvacuwo. The residue was chromatographed on
silica gel (hexane-ether) to give 17 (2.5 g, 389%) as a crude
material and (l-hydroxypropyl)diphenylphosphine oxide
(1.98 g, 39%). While the former was too sensitive toward
moisture to be purified, the latter was well characterized
by its NMR spectrum and elemental analysis: NMR (CDCly)
é 0.99(3H, t, J=7 Hz, CH,), 1.65(2H, m, CH,), 4.21(1H,
m, CHP), 5.14(1H, s, OH), 7.32(6H, s, ArH), 7.70(4H,
m, ArH). Found: C, 68.90; H, 6.80%. Calcd for Cy;-
H,,0.P: C, 69.22; H, 6.59%.

General Procedure for Alkylation of o-Lithiated 7-( Trimethyl-
silyloxy ) alkylphosphonates (1—7). To a cooled solution
(—=78°C) of diisopropylamine in dry THF was added an
equimolar amount of butyllithium in hexane. After 0.5h
an appropriate phosphonate was added. The lithiation time
was listed in Table 3. Then an alkyl halide or a disulfide
was added to the mixture. The reaction time was also
shown in Table 3. The mixture was poured into a vigor-
ously stirred mixture of 1M NH,Cl and CH,Cl,. The
organic layer was collected and the aqueous layer was further
extracted with CH,Cl, three times. The organic extracts
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were combined, dried over Na,SO,, evaporated in vacuo
to dryness, and chromatographed on silica gel (hexane-
cther) to give an a-alkylated phosphonate as listed in Table
3. The amounts of the reagents used are listed in Table
3. All new compounds were characterized by their NMR
spectra and elemental analyses. The previously known com-
pounds were identified by comparison with their NMR
spectra. These data are listed in Table 4.

General Procedure for Transformation of 7-( Trimethylsilyloxy)-
alkylphosphonates into Carbonyl Compounds. Method A: An
appropriate alkylated phosphonate (2 mmol) was dissolved
in a mixture of methanol (10 ml) and water (1 ml) and
then a catalytic amount (30 mg) of p-toluenesulfonic acid
was added. The mixture was refluxed for the time given
in Table 5. The mixture was first treated with a mixture
of CH,Cl, (25 ml) and water (25 ml). The organic layer
was collected and the aqueous layer was further extracted
with CH,Cl, (3x10ml). The organic extracts were com-
bined, dried over Na,SO,, and evaporated in wvacuo to af-
ford a crude 1-hydroxyalkylphosphonate derivative. It was
further treated with a mixture of EtOH (30 ml) and 1 M
NaOH (30 ml). After the time given in Table 5, the mixture
was extracted with CH,Cl, (3x 10 ml). The extracts were
combined, dried over Na,SO,, evaporated in wuacuo, and
chromatographed on silica gel to give a pure carbonyl com-
pound.

In the following cases, special conditions were employed:
1) Diethyl 1-trimethylsilyloxy-1-phenylbutylphosphonate (20)
was treated with 2 M HCI (2.5 ml) in MeOH instead of
TsOH and the reaction was carried out at room temperature.
2) Allyl phenyl ketone was obtained by treatment of the
detrimethylsilylated intermediate with a large excess amount
of Na,CO,; (1 g) in a mixture of CH,Cl; (20 ml) and EtOH
(10 ml) at room temperature for 3 d or by treatment with
a catalytic amount of tetrabutylammonium hydroxide for
1 min in a heterogeneous mixture of ether (20 ml) and 1 M
NaOH (20 ml). According to the former treatment allyl
phenyl ketone was obtained in 369, yield along with (E)-
1-phenyl-2-buten-1-one (10%) and the latter gave the ketone
in 369 yield.

Diethyl  1-Hydroxy-1-phenyl-3-butenylphosphonate( Purified Inter-
mediate) . Mp 71—73 °C; NMR(CDCl,) ¢ 1.15 and 1.19
(3H and 3H, t and t, J=7 Hz, CH;C-0O), 2.96(2H, dd,
J=J=7Hz, C=CCH,), 3.63—4.30(4H, m, CH,O), 4.53
(1H, s, OH), 4.80—5.17(2H, m, CH,=C), 5.26—5.90(1H,
m, C=CH), 7.13(3H, m, ArH), 7.45(2H, m, ArH). Found:
C, 59.34; H, 7.33%. Caled for C;H,O,P: C, 59.15;
H, 7.45%.

Method B: To a solution of an alkylated phosphonate
(2—3 mmol) in ethanol (30 ml) was added 1 M NaOH
(30 ml). The solution was stirred for the period as shown
in Table 5. The mixture was poured into a mixture of
CH,Cl, (20ml) and 1M NH,Cl (20ml). The organic
layer was collected, and the aqueous layer was further ex-
tracted with CH,Cl, (3 x50 ml). The CH,CI, extracts were
combined, dried over Na,SO,, concentrated, and chromatog-
raphed on silica gel (hexane—ether) to give a carbonyl com-
pound.

Diethyl  1-Trimethylsilyloxy-2-propenylphosphonate (63).

To a solution of acrylaldehyde(1.17 g, 20.8 mmol) in dry
benzene (5 ml) was added DTMSP (4.46g, 21.2 mmol)
with stirring on an ice bath. After stirring at room tem-
perature for 6 h the solvent was removed, and distillation
gave a mixture (4.90g, Bp 105 °C/1.25 mmHg) of 63 and
67. The mixture (32 g) was treated with TsOH-H,O (1
g) in MeOH (500 ml) and H,O (20 ml) under reflux for
3h. After extraction with CH,Cl, (4% 100 ml) and drying
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over Na,SO,, and removal of the solvent, the residue was
chromatographed on silica gel (hexane-cther) to give a
detrimethylsilylated phosphonate of 63 (14.3 g, 38%). The
a-hydroxy phosphonate (14 g) was further treated with N,N-
diethyltrimethylsilylamine (16.5 ml) at 50 °C under slightly
reduced pressure for 3 h. Then, the mixture was evaporated
in vacuo and chromatographed on silica gel (hexane—ether)
to give 63: NMR(CCl) ¢ 0.15(9H, s, Me,Si), 1.29(6H,
t, J=7Hz, CH;C-0O), 4.05(4H, m, CH,0), 4.33(1H, m,
CHP), 4.98—5.50(2H, m, CH,=C), 5.69—6.27(1H, m, C=
CH). This product was used further for alkylation without
purification.

Diethyl 1-Trimethylsilyloxy-2-butenylphosphonate (64).

To a solution of trans-2-butenal (1.54 g, 21.9 mmol) in dry
benzene (5 ml) was added DTMSP (4.71 g, 22.4 mmol).
The reaction mixture was stirred at room temperature for
6 h. After removal of the benzene in vacuo, distillation gave
64 (4.45 g, 72%,): Bp 110—113 °C/1.8 mmHg; NMR (CDCl,)
¢ 0.15(9H, s, Me,Si), 1.30(6H, t, J=7 Hz, CH,C-O), 1.57—
1.81(3H, m, CH;C-=C), 3.80—4.53(5H, m, CH,-O and
CHP), 5.62(2H, m, CH=CH). Found: C, 46.87; H, 9.499%,.
Caled for C,;H,;O,PSi: C, 47.12; H, 8.999%,.

Diethyl 7- Trimethylsilyloxy-2-hexenylphosphonate (65 ). To
a solution of trans-hexenal (9.95 g, 101 mmol) in dry benzene
(10 ml) was added DTMSP (19.52 g, 92.8 mmol) with stir-
ring on an ice bath. Then the mixture was stirred at room
temperature for 8 h. After removal of the solvent in vacuo,
distillation gave 65 (21.6g, 739%): Bp 90—100 °C/0.15—
0.20 mmHg; NMR(CCl,) 6 0.20(9H, s, Me,Si), 0.95(3H,
t, terminal CHj), 1.33(6H, t, /=7 Hz, O-C-CH,;), 1.40
(2H, m, CH,CC=C), 1.80—2.30(2H, b, CH,C=C), 3.80—
4.33(4H, m, CH,-O), 4.25—4.50(1H, m, CHP), 5.50—
5.77(2H, m, CH=CH). Found: C, 50.48; H, 9.95%,. Calcd
for C,H,,O,PSi: C, 50.63; H, 9.48%.

Diethyl 7-Trimethylsilyloxy-3-phenyi-2-propenylphosphonate (66 ).
To a solution of cinnamaldehyde (3.82 g, 28.9 mmol) in
dry benzene (5 ml) was added dropwise DTMSP (6.27 g,
29.8 mmol) with stirring at room temperature. The mixture
was further stirred at room temperature for 6 h. After
removal of the solvent, distillation of the residual oil gave
66 (6.94 g, 70%): Bp 134—137 °C/0.10 mmHg; NMR (CCl,)
6 0.19(9H, s, Me,Si), 1.29(6H, t, J=7 Hz, CH,C-O), 3.78—
4.33(4H, m, CH,0), 4.50(1H, dd, /=16, J=5.5 Hz, CHP),
5.97—6.80(2H, m, CH=CH), 7.23(5H, m, Ph). Found:
C, 55.97; H, 8.18%,. Calcd for C,;H,,0O,PSi: C, 56.12;
H, 7.95%.

Lithiation and Deuteration of 63. To a cooled (—78 °C)
solution of LDA(3.58 mmol) in dry THF (10 ml) was added
805 mg (3.02 mmol) of 66, whereupon the solution turned
orange yellow. After 0.5h, CD;OD (0.2 ml) was added
and the solution was treated with 1 M ammonium chloride
(20 ml). The mixture was extracted with CH,Cl, (4x
20 ml). The organic extracts were combined, concentrated
to dryness, and chromatographed on silica gel (hexane—
ether) to give deuterated diethyl 1-hydroxy-2-propenylphos-
phonate (169 mg, 29%,) and deuterated 63 (68 mg, 8%).

Lithiation and Deuteration of 64. Deuterated diethyl
1-hydroxy-2-butenylphosphonate (557 mg, 789%) and deu-
terated 64 (110 mg, 129,) were obtained from 64 (952 mg,
3.40 mmol), LDA (3.58 mmol) in dry THF (10 ml), and
CH,OD (0.5 ml).

Lithiation and Deuteration of 65. The deuterated 63
(587 mg, 849%) was similarly obtained from 65 (905 mg,
2.94 mmol), LDA (3.58 mmol) in dry THF (10 ml), and
CH,OD (0.5 ml).

Lithiation and Deuteration of 66. Deuterated 1-hydroxy-
3-phenyl-2-propenylphosphonate (169 mg, 299,) and deu-

terated 66 (68 mg, 89,) were similarly obtained from 66
(970 mg, 2.83 mmol), LDA (3.19 mmol) in dry THF (10
ml), and CD,OD (0.2 ml).

Preparation of 85. To a solution of 4 mmol of LDA in
THF (15ml) at —78°C was added 66 (1.23 g, 3.6 mmol)
and the solution was stirred for 30 min. Benzoyl chloride
(607 mg, 4.32 mmol) was added and the mixture was warmed
gradually to room temperature. After being stirred at room
temperature for 30 min, the solution was poured into a
stirred heterogeneous mixture of 1 M NH,Cl (10 ml) and
CH,CIl, (10 ml). The CH,CI, layer was collected and the
aqueous solution was further extracted with CH,Cl, (3 X
10 ml). The organic extracts were combined, dried over
Na,SO,, and evaporated to give the crude 85, which was
used without purification for further transformations into
86—88.

Esterification of 85. Under Acidic Conditions: The
crude 85 was dissolved in dry ethanol (20 ml) and TsOH.-
H,O (5 mg) was added. After being refluxed for 2 h, the
mixture was poured into a stirred mixture of 1 M NaOH
(20 ml) and CH,Cl, (20 ml). The organic layer was col-
lected, combined with further CH,CI, extracts (3x 10 ml),
dried over Na,SO,, evaporated, and chromatographed on
silica gel (hexane—ether) to give 86 (362 mg, 36%): NMR
(CDCl;) 6 7.90 and 7.17(10H, m, ArH), 5.07(1H, dd, J=
9 Hz, /=6 Hz, CHPh), 4.00(2H, m, CH,O), 3.36(1H, dd,
J=16 Hz, j=9 Hz, CH2C(=0)0), 2.63(1H, dd, J=16 Hz,
J=6 Hz, CH!C(=0)O), 1.10(3H, t, CH,).

Under Alkaline Conditions. The crude 85 was prepared
from 66 (1.86 g, 5.38 mmol) and was treated with sodium
methoxide prepared from sodium (143 mg, 6.2 mmol) in
dry methanol (20 ml). The solution turned reddish brown.
After being stirred for 30 min, the mixture was poured into
a mixture of 1 M NH,Cl (20 ml) and CH,Cl, (20 ml). The
usual work-up gave 87 (813 mg, 56%).

Synthesis of 88. The crude 85 was prepared from
66 (1.48 g, 4.32 mmol), dissolved in dioxane (30 ml), treated
with 1M NaOH (30 ml). After being stirred for 15 min,
the solution was treated with a mixture of 1 M NH,CI (20
ml) and CH,Cl, (20 ml). Dilute hydrochloric acid was
added until the aqueous layer had been acidified to pH
1. The aqueous layer was extracted with CH,Cl, (4x
20 ml). The usual work-up gave 88 (802 mg, 739,). The
products 86—88 were identified with the authentic samples
by comparison with their spectral data.

General Procedure for the Synthesis of Lactones. To a
THF solution of 3.3 mmol of LDA at —78 °C was added
3 mmol of an appropriate phosphonate (64—66). The mix-
ture was stirred at —78 °Cl for the time given in Table 8
and warmed gradually to room temperature. The mixture
was poured into a stirred mixture of 1 M NH,Cl (20 ml)
and CH,Cl, (20 ml). The CH,CIl, layer was collected and
the aqueous layer was extracted with CH,Cl, (3x 20 ml).
The combined CH,Cl, extracts were dried over Na,SO,,
evaporated, and dissolved in dioxane (10 ml). To the solu-
tion was added 571 mg (3 mmol) of TsOH-H,O, and the
mixture was refluxed in the presence of molecular sieves
3A for 10 min. After cooling to room temperature, the
solution was diluted with water (20 ml) and extracted with
CH,Cl, (320 ml). The combined extracts were dried over
Na,SO,, evaporated, and chromatographed on silica gel
(hexane-ether) to give a lactone given in Table 8. All of
the products were identified by comparison with their spect-
ral data with authentic samples previously reported.21,24-26)

Diethyl 1- Trimethylsilyloxy-3-phenyl-1-butenylphosphonate (69a).
To a cooled (—78°C) solution of LDA (3.31 mmol) in
dry THF (10 ml) was added 66 (1048 mg, 3.06 mmol),
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the solution turned bright brown. After 0.5 h methyl iodide
(515mg, 3.63 mmol) was added. The solution turned
yellow. Then the mixture was gradually warmed to room
temperature. After 3 h, the solution was quenched with
I M NH,CI, extracted with CH,Cl, (3%x25ml) and dried
over Na,SO,. After removal of the solvent, chromatography
on silica gel afforded 69a (473 mg, 43%) as a crude material:
NMR(CCl,) 6 0.18(9H, s, Me,;Si), 1.25 and 1.28(3H and
3H, t and t, /=7 Hz, CH,C-0), 2.35—3.33(1H, m, CH),
3.98 (4H, m, CH,0), 5.92(1H, dd, J=J=10 Hz, CH=C-P),
7.13(5H, s, Ph).

Diethyl 1- Trimethylsilyloxy - 3,4 - diphenyl - 7 - butenylphosphonate
(69b). To a cooled (—78°C) mixture of 66 (1594
mg, 4.66 mmol) and LDA (5.45 mmol) in dry THF (10
ml) was added benzyl bromide (984 mg, 5.75 mmol). After
stirring at —78 °G for 0.5 h, the usual work-up gave 69b
(1305 mg, 699%) as a crude material: NMR(CCl,) § 0.07
(9H, s, Me;Si), 1.19(6H, t, J=7 Hz, CH,C-O), 2.90(1H,
d, J=8.1 Hz, one of CH,Ph), 2.91(1H, d, /=6.6 Hz, one
of CH,Ph), 2.40—3.20(1H, m, CH), 5.97(1H, dd, J=J=
10 Hz, CH=C), 7.00(5H, s, Ph), 7.07(5H, s, Ph).

Diethyl 1-Trimethylsilyloxy-3-benzyl-1-hexenylphosphonate (69c).
To a cooled (—78 °C) solution of 65 (1051 mg, 3.29 mmol)
and LDA (3.58 mmol) in 10ml of dry THF was added
benzyl bromide (0.420 ml, 3.54 mmol). After stirring at
—78°C for 0.5h, the usual work-up gave 69¢c (755 mg,
589%,) as a crude material: IR(NaCl): 1045, 1260(P=0),
1370, 1394, 1606, 1635, 1696, 1728, 2920, 2955, 3015 cm™1;
NMR(CCl,) 6 0.13 (9H, s, Me,Si), 0.90(3H, t, /=6 Hz,
CH,;CC), 1.30(10H, m, CH,CH, and CH,C-O), 2.75(3H,
m, PhCH, and CH), 3.98(4H, m, CH,O), 5.50(1H, dd,
J=J=9.5Hz, CH=C), 7.15(5H, s, Ph).

General Procedure for the Synthesis of B-Substituted Carboxylates.
To a cooled solution of diisopropylamine (1.1240.09 equiv.)
in dry THF was added an equimolar amount of butyllithium
in hexane. After 0.5h an appropriate phosphonate (3.0
mmol) was added. After stirring at —78°C for 0.5h,
alkyl halide (1.1240.09 equiv.) was added. The reaction
time and the temperature were given in Table 6. The
mixture was poured into a mixture of CH,Cl, (20 ml) and
1M NH,Cl (20ml) with vigorous stirring. The CH,Cl,
layer was collected and the aqueous layer was further ex-
tracted with CH,Cl, (3x20 ml). The organic extracts were
combined, dried over Na,SO,, and concentrated in wvacuo.
The residual oil was dissolved into ethanol (30 ml) without
further purification and a catalytic amount of TsOH was
added. The reaction time and the temperature were given
in Table 6. The resulted solution was diluted with water
and extracted with CH,Cl, (3x20ml). The combined
organic layers were dried over Na,SO, concentrated to
dryness, and chromatographed on silica gel (hexane-ether)
gave a f-substituted carboxylate. The data of the NMR
spectra and elemental analyses for all new compounds are
summarized in Table 7. The previously known products
are characterized by their NMR spectra.
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