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3-Metaliated Enamines; VII'. 3-Oxosilanes via
Silylation of 3-Metallated Enamines

. . 2
Hubertus AHLBRECHT*, Chintamani S, SUDHEENDRANATH

Fachbereich Chemie der Universitdt Gieflen, Institut fiir Organische
Chemie, Heinrich-Buff-Ring 58, D-6300 GieBen, Federal Republic of
Germany

3-Oxosilznes have been the subject of increasing interest re-
cently since they can be used as protected a.f-unsaturated
carbonyl compounds**. They are normally prepared from
carbonyl compounds using the routes A or B, that is 1,4-addi-
tion of a nucleophilic silicon to an a,f-unsaturated carbonyl
compound*** or alkylation of an enolate with a silylated me-
thyl halide™’. -

f/—//o + [Rasil A—‘ ;

0 /
0L 4 [Resich,]® 21> R3Si—/—/

/O
e/_/ + [Resi]® .

A third possibility, C, that is silylation of an homoenolate
with a halosilane has been used only rarely®,

As we have shown recently’, enamines 1 or allylamines 2 can
be deprotonated to give ambident 1-aminoallyl anions 3, use-
ful homoenolate equivalents. Reaction of 3 with chlorotrime-
thylsilane occurs with high regioselectivity at the y-position to
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- with full experimental and analytical data

in Table 1). Hence, the site of protonation of 4 is completely
controlled by nitrogen, not by silicon.

The versatility of this 3-oxosilane synthesis is broadened re-
markably by the possibility of a further deprotonation of 4 to
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yield the silylated enamines 4 only. The latter products can be b H H CeHs
hydrolysed without loss of silicon by dilute hydrochloric acid ¢ H CH H
to give 3-oxosilanes of the type 7 (R*=H, see entries e and j d_ G H "
Table 1. Preparation of 3-Oxosilanes 7
Prod- R R? R? R*X Yield b.p. [°CY/ Molecular Metallation (Alkylation)
uct [%] torr® formula® conditions

Method/time [h]

7a H H H CH.! 16 62°/13 CyH\ 080 (158.3) A3 (1)
7b H H H ¢-CsHoBr 61 65°/1 C1H,,08i (198.4) A/3 (3)
7e H H H n-CoH,:Br 75 70°/1 C1H08i  (214.4) A/ (5)
7d H H H n-C¢H,,Br 78 80°/1 C;H;008i  (242.5) A/3 (2)
Te H H CeHs H— 71 50°/1 C,H 14081 (206.4) —/ —
i H H CeHs C,HsJ 70 85°/1 CH»0Si  (234.4) A/6.5 (1)
Tg H CH, H n-CsH;Br 89 80°/1 C1,H20Si  (214.4) B/4 (1.5)
7h H CH, H n-CoH3Br 75 859/1 Ci3H0S8i  (228.5) B/4 (1.5)
7i H CH; H n-CyH;Br 77 90°/1 CsH;,081  (256.5) B/74 (1.5)
7j CeHs H H H— 73 65°/1 Ci2H 3081 (206.4) —/—
7k CoHs H H CH,J 73 80°/1 Ci3H008i  (220.4) A/3 (1)
7 CeHs H H C.HJJ 85 85°/1 CH2,0Si (234.4) A3 (1)
Tm CeHs H H i-C3H,) 76 85°/1 CisH3,081  (248.4) A/3 (2.5)
n CeHs H H C;H.Br 78 95¢/1 CisH2,0Si  (246.4) AZ3 (1)

* Temperature of kugelrohr oven, about 20 °C above b.p.

" The microanalyses were in satisfactory agreement with the calculated values: C +0.30, H £0.20; Exceptions: 7a (C +0.86): 7e (C —0.63).
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give 5 and subsequent alkylation to give 6. The enamines 6
can be isolated or hydrolysed without further purification to
the homologous 3-oxosilanes 7 in good overall yield (Table

D

There are two remarkable points to be noticed in this se-
quence. Firstly, during distillation of 4, partial or complete
(£)—(E)-isomerisation occurs. Owing to the activating effect
of silicon, this has no influence on the subsequent deprotona-
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tion, in contrast to the case with other enamines where the
(Z)-configuration is normally essential for deprotonation®.
The enamines 6, before distillation, have again the (Z)-confi-

guration. Hence, during deprotonation reaction, isomerisation
of the less stable exo- to the more stable endo-1-aminoallyl an-

Table 2. Spectroscopic Data for 3-Oxosilanes 7

ion must have been occurred as expected®. Secondly, in addi-
tion to the fact that the presence of the bulky silyl group intro-
duces considerable steric hindrance, alkylation even with sec-
ondary alkyl halides (see entries b and m in Table 1) occurs in

Prod-
uct

LR.*
viem™'}]

‘H-N.M.R."
o [ppml, J [Hz]

BC-N.M.R.¢
3 [ppm]

Ta

Th

Tc

d

Te

7f

7gd

7hd

7id

7

Tk

7

Tm

Tn

2960, 2920, 2900, 2870,
1720, 1255, 1245, 835,
745, 685

2950, 2910, 2870, 1720,
1245, 855, 835

2950, 2920, 2850, 1720,
1245, 850, 825, 745, 680

2950, 2920, 2850, 1725,
1245, 850, 835, 745, 685

2980, 1725, 1250, 855,
835, 695

2960, 2930, 1720, 1250,
860, 835, 750, 700

2970, 2935, 2865, 2810,
1720, 1455, 1250, 835,
745, 685

2960, 2930, 2850, 1725,
1690, 1250, 850, &35,
750, 685

2960, 2930, 2850, 1725,
1250, 850, 835

12950, 2900, 1690, 1600,

1450, 1250, 1230, 965,
860, 840, 745, 690
2960, 2910, 2880, 1690,
1600, 1450, 1250, 1230,
860, 840, 750, 690

2960, 2900, 2875, 1690,
1600, 1450, 1250, 1225,
1210, 860, 835, 795,
690

2970, 2900, 2880, 1690,
1600, 1450, 1255, 1230,
1215, 860, 835, 750,
690

2960, 2900, 1690, 1600,
1450, 1255, 1220, 995,
915, 855, 835, 750, 690

—0.08 [s, Si(CHs):): 0.76 (t, J=7, CHa);
0.8-1.6 (m, CHSi, CH.CH,); 1.9-2.1 (m,
CH,CO0); 9.38 (t, J=2.5, CHO)

—0.02 [s, Si{CH3)3]; 0.71-1.8 (m, broad, al-
iphatic CH); 2.08 (dd, J=5.5, 1.8,
CH,C0); 9.38 (t, J=1.8, CHO)

—0.08 [s, Si(CH;)s]: 0.87 (t, CH;); 119 (s,
broad, CH., CHSi): 196 (d, broad,
CH,CO0); 9.36 (t, J=1.9, CHO)

—0.07 [s, Si(CH;):): 0.74 (t, broad, CH;):
1.1 (s, broad, CH,); 192 (d, broad,
CH.CO); 9.48 (t, /=2, CHO)

—0.12 [s, SCH;):): 2.3-3.0 (m, CH,,
CHSi); 7.3-7.8 (m, C.HJ); 9.5 (s, broad,
CHO)

—0.16 [s, Si(CH.)3]; 0.77 (t. J=7, CH3); 1.9
(centre of m, CH,CH,): 2.66 (d+AB gq,
J=28,16); 9.53 (1, J=2.8, CHO)

~0.04, —0.01 [25, (SICHy)s]; 0.7-1.0 (m);
1.15 (s, broad); 1.8-2.4 (m, CH—CO); 9.44
(s, CHO)

—0.04 [s, Si(CH;):); 0.7-1.1 (m); 1.24 (s,
broad); 1.9-2.3 (m, CH—CO); 9.35 (s,
CHO)

0.03 [s, Si(CHy)sl; 0.6-1.05 (m): 1.27 (s,
broad); 1.85-2.5 (m, CHCO); 9.5 (s,
CHO)

0.09 [s, Si(CH;)3]: 0.93 (m, CH,Si): 2.96 (m,
CH,CO); 7.3-7.8, 8-8.2 (2m, C¢Hys)

0.04 [s, Si(CHa)l; 094 (d, /=7, CHs);
1.16-1.48 (m, CHSi); 2.62 (dd, J=16, 9.8)
and 2.96 (dd, J=16, 4.8, diastereotopic
CH,); 7.3-7.6, 7.8-8.1 (2m, CcHs)

0.07 |s, Si(CHa)3); 0.89 (t. J=7, CH,); 1.15-
1.7 (m, CH, CH,CH:);: 2.93 (centre of m,
CH,CO0); 7.3-7.7, 7.9-8.1 2m, C.Hs)

0.05 is, Si(CHa);]; 0.88, 0.92 (d, J=7) dias-
tereotopic CHy); 1.5-1.7 (m, CHSi); 1.8~
2.2 (m, CHC); 3.01 (centre of AB-part of
ABX m, Jog=17,CH,C0); 7.2-75,7.7-7.9
(2m, CeHs)

0.04 [s, Si(CHs),]: 1.3-1.7 (m, CHSi); 1.8-
24 (m, CH,CH=); 291 (d, J=63,
CH,CO); 4.75-5.04 (m, C=CH,); 5.5-5.9
(m, CH=C); 7.2-7.6, 7.8-8.0 (2m, C¢H5)

~2.5[g, Si(CHa)l; 13.9 (g, CH,); 21.9 (d, CH—Si); 23.3 [t,
CH.CH,J; 44.3 (t, CH,CO); 201.2 (d, CHO)

—1.4[q, Si(CH,):l; 24.6, 25.0, 25.4, 32.1, 33.1, 41.9, 43.6 (CH,
CH,); 201.5 (d, CHO)

—2.5[q, Si(CH3)s]; 14.2 (q. CHs); 20.0 (d, CH—Ci); 23.0 (¢,
CH,CHSI); 29.5, 29.8, 30.7, 32.1 (CH,); 44.8 (t, CH.CO);
201.0 (d, CHO)

—2.6 [q, Si(CH,)s]: 143 (q, CHy): 19.8 (d, CHS); 23.0 (t.
CH,CHSI): 29.5, 29.7, 29.9, 30.1, 30.6, 32.2 (CHy); 44.7 (t,
CH,CO); 201.0 (d, CHO)

Z3.2 [, Si(CH,)]; 30.2 (d, CHSi); 43.5 (t, CH;CO); 125.1
(d, p-C); 127.7, 128.5 (d, m-C +0-C); 200.7 (d, CHO)

—2.7 [Si(CHs);); 10.0 (CHy): 26.7 (CH,); 34.9 (CSi); 46.8
(CH,CO); 1254 (p-C); 127.5, 1289 (m-C+0-C); 203.4
(CHO)

—13, =07 [q, Si(CHs)]; 10.5, 12.5 (d, CHSi): 14.2 (q,
CH,CH,); 22.9 (t, CH»); 263, 26.6, 27.7, 28.3, 29.3, 30.4,
32.2, 32.4%, 47.2, 47.9 (d, CHCO); 203.8, 204 (d, CHO)
—1.3, =07 [q, Si(CHs)); 104, 12.4 (d, CHSi); 14.4 (q,
CH,CHy); 23.1 (t, CH.); 26.1, 26.7, 27.6, 28.3, 29.5, 29.7,
29.8, 30.0, 30.7, 31.1¢; 47.2, 47.8 (d, CHCO); 203.9, 204.2 (d,
CHO)

13, =07 [q, S(CHa)}; 105, 12.5 (d, CHSi); 143 (q,
CH,CH,); 23.1 (t, CH,): 263, 26.7, 27.7, 28.4, 29.7, 30.1,
30.8, 32.3¢; 47.2, 47.9 (d, CHCO); 203.8, 204.0 (d, CHO)
—1.7 [q, SI(CH.):]; 10.9 (t, CH,Si); 33.0 (t, CH,CO); 128.0,
128.5 (d, 0-C +m-C); 132.6 (d, p-C): 137.0 (s, i-C); 200.6 (s,
CO)

—3.3 [q, Si(CHa)s: 14.6 (g, CHy); 16.1 (d, CHSi): 40.8 (t,
CH,); 128.0, 128.5 (d, 0-C+m-C); 132.6 (d, p-C); 137.4 (s, i-
C); 200.1 (s, CO)

—2.3 [g, Si(CH;)s]; 13.8 (g, CHa); 23.1 (d, CHSi); 23.4 (1,
CH,CH,): 387 (i, CH,CO); 128.0, 128.5 (d, 0-C+m-C);
132.6 (d, p-C); 137.5 (s, i-C); 200.0 (s, CO)

—0.9 [q, SHCH3)]; 21.4, 22.8 (q, diastereotopic CHs); 28.3,
29.0 (d, CH); 36.0 (t, CH,CO); 128.1, 128.6 (d, 0-C+m-C);
132.7 (d, p-C); 137.4 (s, i-C); 201.0 (s, CO)

~2.3 g, Si(CH3)sl; 20.7 (d, CH); 34.8 (1, CH.CH=); 38.3 (1,
CH,CO); 115.7 (t, C==CH,); 127.9, 128.5 (d, 0-C+m-C);
132.6 (d, p-C); 137.6 (s, i-C); 138.4 (d, CH=C); 199.8 (s,
CcO)

The L.R. spectra were recorded on a Perkin-Elmer M 225 as liquid films; the strongest absorptions only are given.

® The 'H-N.M.R. spectra were recorded on a Jeol ] NM-MH-100-Spectrometer for C4Ds solutions (compounds a-i) or CDCl, solutions {com-

pounds
¢ The '*C-N.M.R. spectra were recorded on a Varian

j-n) at 100 MHz using TMS as internal reference. A '
C.F.T. 20-Spectrometer for C,Ds solutions (compounds a-i) or CDCl, solutions (com-

pounds j-n) at 20 MHz using TMS as internal reference; multiplicities given are from off-resonance spectra.

[

Diastereomeric mixture, nearly 1:1.

¢ Aliphatic carbon atoms without assignment.

Downloaded by: University of Arizona Library. Copyrighted material.



September 1982

all cases with high regioselectivity to yield the enamines 6
only. Since the lithioallylsilane is alkylated in the 3-position
only', the regioselectivity in 5 is controlled by the presence
of the amino group.

3-Oxosilanes 7; General Procedure:

Method A: To a solution of the silylenamine 4 (5 mmol) in tetrahy-
drofuran (20 ml) under an argon atmosphere at 0 °C is added, using a
syringe dropwise with stirring, a solution of n-butyllithium (5.5 mmol;
in cases a-d, 7.5 mmol) in hexane (~3.5/ ~ 4.8 ml) and then hexame-
thylphosphoric triamide (2 ml).

Method B: To a suspension of the silylenamine 4 (5 mmol) and po-
tassium r-butoxide (0.52 g, 5.5 mmol) in 30-50 °C petroleum ether (15
ml) under an argon atmosphere at 0 °C is added, using a syringe drop-
wise with stirring, ¢-butyllithium (5.5 mmol) in pentane (~3.5 ml).

In both methods, after stirring for the time given in Table |, the alkyl
halide (5.5 mmol) is added using a syringe and the mixture is again
stirred at 0 °C for the time given in Table 1. Then, water (20 ml) is ad-
ded, the organic layer separated, diluted with ether (20 ml), and stirred
with 4 normal hydrochloric acid (20 ml) for 14 h (7a-d), or 24 h (7g-i)
at room temperature, or for 8 h (7h-n) under reflux. Then dichlorome-
thane (20-25 ml) is added, the organic layer separated, washed twice
with water (15 ml), dried with anhydrous sodium sulfate, the solvent
removed using a rotary evaporator, and the residue distilled using a
kugelrohr oven. [The yields given in Table | refer to the analytically
pure products so obtained.]

Silylenamines 4:
1-(N-Methyl-N-phenylamino)-3-phenyl-3-trimethylsilyl-1-propene (4b) is
prepared from 1b according to Ref.'' and /-(N-methyl-N-phenylami-
no)-1-phenyl-3-trimethylsilyl-1-propene (4d) ‘rom 1d according to
Ref.".

1-(N-Methyl-N-phenylamino)-3-trimethylsilyl-1-propene (4a)'*: To 1-
(N-methyl-N-phenylamino)-2-propene (2a; 1.47 g, 10 mmol) and po-
tassium ¢-butoxide (1.1 g, 11 mmol) in #-butyl methyl ether (30 ml) un-
der an argon atmosphere at —78 °C is added, using a syringe dropwise
with stirring, t-butyllithium (11 mmol) in pentane (~7 ml). After 2 h at
-78 °C, chlorotrimethylsilane (1.2 g, 11 mmol) is added using a sy-
ringe. After 15 min, the mixture is allowed to come to room tempera-
ture, washed three times with water (20 ml), dried with anhydrous so-
dium sulfate, and, after removing the solvent using a rotary evapora-
tor, the residue is distilled with a kugelrohr oven to give a pale yellow
liquid; yield: 1.86 g (85%); b.p. 70 °C/0.05 torr. For analytical data,
see Ref. 2.

"H-N.M.R. (C4Ds/TMS): 8= —0.05 (s, 9H); 1.36 (dd, 2H, J=8.5 Hz,
1.5 Hz); 2.75 (s, 3H); 4.85 (dt, 1H, J=8.0 Hz, 8.5 Hz); 5.78 (dd, 1 H,
J=8.0 Hz, 1.5 Hz); 6.6-7.3 ppm (m, 5 H).

BC-N.M.R. (C4Ds/TMS): 8= — 1.96 [q, Si(CH,)3]; 19.6 (t, CH.); 35.2
(g, CH3); 1129 (d, NCH=CH—); 116.4 (d, 0-C); 119.7 (d, p-C); 129.3
(d, m-C); 132.5 (d, NCH=CH—); 148.3 ppm (s, i-C).

2-M f;h pl- 1-( N-methyl-N-phenylamino)-3-trimethylsilyl- I-propene

(4c) :

To 1-(N-methyl-N-phenylamino)-2-methyl-1-propene (l¢; 1.61 g, 10
mmol) and potassium t-butoxide (1.1 g, 11 mmol) in 50-70 °C petro-
leum ether (40 ml) under an argon atmosphere at 0 °C is added, using
a syringe dropwise with stirring, -butyllithium (11 mmol) in pentane
(~7 ml). After 3 h at 0°C, chlorotrimethylsilane (1.2 g, 11 mmol) is
added using a syringe. After 1 h, ether (30 ml) and water (25 ml) are
added. The organic layer is washed twice with water (25 ml), dried
with anhydrous sodium sulfate, and, after removing the solvent using
a rotary evaporator, the residue is distilled to give a pale yellow liquid;
yield: 1.38 g (59%); b.p. 75-77 °C/0.01 torr.

Ci4H2;NSi calc. C7203 H993 N 6.00

(233.4) found 71.67 9.93 6.01

'H-N.M.R. (C¢Ds/TMS): §= —0.03 (s, 9H); 1.46 (br s, 2H); 1.58 (d,

3H, J=1.3 Hz); 2.73 (s, 3H); 5.53 (br s, 1 H); 6.6-7.4 ppm (m, 5 H).

'3C—N.M:]{. (CsDe/TMS): 6= —0.6 [q, Si(CH,),]; 21.7 (q, CCHa); 22.5

(t, CH,Si); 38.6 (q. NCH,); 113.4 (d, 0-C); 117.7 (d, p-C); 126.7 (s,
=C—CH,); 128.0 (d, CH=C); 129.1 (d, m-C); 149.2 ppm (d, i-C).

0039-7881/82/0932-0719 $ 03.00

Communications 719

The authors thank the Deutsche Forschungsgemeinschaf and the Fonds
der Chemischen Industrie for financial support. C. S. S. thanks the
Deutsche Forschungsgemeinschaft for a Research Fellowship.

Received: April 1, 1982

* Address for correspondence.

' Part VI: C. S. Sudheendranath, H. Ahlbrecht, J. Indian Chem. Soc.
58, 973 (1981).

2 (. S. Sudheendranath, Dissertation, Universitit Gieflen, 1982.

* L. Fleming, J. Goldhill, J. Chem. Soc. Chem. Commun. 1978, 176
and J. Chem. Soc. Perkin Trans. 1 1980, 1493.

* D. J. Ager, 1. Fleming, J. Chem. Soc. Chem. Commun. 1978, 177.

D. J. Ager, L. Fleming, S. K. Patel, J. Chem. Soc. Perkin Trans. 1

1981, 2520.

R. Calas, J. Organomet. Chem. 200, 11 (1980).

W. C. Still, J. Org. Chem. 41, 3063 (1976).

L. H. Sommer, N. S. Marans, J. Am. Chem. Soc. 72, 1935 (1950).

Some 3-oxosilanes have been prepared via boron-stabilised allyl

anions: R. Kow, M. W. Rathke, J. Am. Chem. Soc. 95, 2715

(1973).

® H. Ahlbrecht, Chimia 31, 391 (1977).

' R. Corriu, J. Masse, D. Samate, J. Organomer. Chem. 93, 71
(1975).

" G. Rauchschwalbe, H. Ahlbrecht, Synthesis 1974, 663.

> H. Ahlbrecht, J. Eichler, Synthesis 1974, 672.

¥ J. Eichler, Dissertation, Universitit GieBen, 1976, p. 196.

x w2

© 1982 Georg Thieme Verlag - Stuttgart - New York

Downloaded by: University of Arizona Library. Copyrighted material.



