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Preparation of N-Alkylketene-/N-Butadienyl-/V,0-Silyl Acetals
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The synthesis of a series of dienamides Sa—j using Oppolzer’s
method is described. Using Rathke’s method the ketene N,O-silyl
acetals 6a—j can be obtained in good yield from the corresponding
dienamides. The ketene acetals are obtained free of base and free
of salts. They are stable and can be stored at — 20°C. The new
dienes are useful reagents for tandem reactions.

Processes combining two or more reaction steps are
known as tandem reactions, domino reactions or cascade
reactions! ~® according to a recently proposed systema-
tic nomenclature.®?'1® The synthetic power of this me-
thodology has been widely used in the synthesis of com-
plex natural products.!® 32 Cycloadditions and especial-
ly the Diels—Alder reaction have been successfully incor-
porated into tandem processes.”!%!! In connection with
our studies of tandem reactions combining a Diels—-Alder
reaction and a [3,3]-sigmatropic shift>*~37 the N-buta-
dienyl-N-isopropylketene N,O-trimethylsilyl acetal of
propionamide (1) has been synthesized and its reactivity
against N-phenylmaleimide forming tricyclic 2 and bi-
cyclic products 3 has been tested (Scheme 1).
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The sensitivity of the ketene trimethylsilyl acetals towards
hydrolysis and the presence of the diisopropylamine in
the reaction mixture are the two main disadvantages of
this procedure. The trimethylsilyl acetals have to be creat-
ed in situ for application in the tandem reaction.3¢ =37
We report the convenient synthesis of a series of N-alkyl-
N-butadienylamides and their transformation into the
corresponding ketene N,0O-silyl acetals. We envisioned
the use of the more sterically hindered silyl groups like
tert-butyldimethylsilyl, triisopropylsilyl or terz-butyldi-
phenylsilyl, which should allow the isolation of ketene
N,O-silyl acetals free from the base.3®~3° On the other
hand, the more hindered silyl groups will reduce the reac-
tivity for the acylation process.

The N-alkyl-N-butadienylamides were synthesised start-
ing from crotonaldehyde, the alkylamine and the cor-

responding acid chloride using the two-step procedure:
imine formation 4a—e catalysed by molecular sieves*°
followed by base-catalysed acylation with the correspond-
ing acid chloride*! ~** (Scheme 2). Mixing of the amine
and crotonaldehyde in diethyl ether at 0°C in the presence
of molecular sieves and then stirring the reaction mixture
at room temperature for 6 hours led to good yields of
the imines 4a—e (Scheme 2; Tables 1 and 2). The imines
4a—d could be purified by distillation. Some losses due
to polymerisation occurred. In the case of the imine 4e
purification by distillation was not necessary. The acy-
lation of the imines led, in good to excellent yields, to
the N-alkyl-N-butadienylamides Sa—j (Scheme 2; Tables
3 and 4). To a solution of the corresponding acid chloride
and N,N-diethylaniline in toluene the imine 4a—e was
added slowly. The reaction mixture was stirred overnight.
The hydrochloride of N,N-diethylaniline was removed
by filtration. Usual workup gave the raw material, which
was purified by distillation (5a—d) or by filtration over
a short silica column (5e and 5i). In some cases the amide
could be recrystallized (5f,5h and 5j). The synthesis of
5d starting from the isopropylimine 4a and the 4 : 1 mix-
ture of (E)- and (Z)-crotonyl chloride yielded only the
(E) diastereomer in 66 % yield.

The 'HNMR spectra of the dienamides 5a—j were in
accordance with the proposed structure (Table 4). The
peaks for the butadienyl system correlate very well within
the series of dienamides containing an isopropyl substi-
tuent Sa—e or a benzyl substituent 5f—i on the N atom.
The shift difference between the compounds containing
the isopropyl or the benzyl substituent on the N atom is
roughly + 0.6 ppm for HC(1) and — 0.4 ppm for HC(2).
This shift difference can be attributed to the deshielding
compared to the shielding due to the aromatic ring. The
peaks of HC(2) of the diene system and of the substituents
directly bonded to the nitrogen were in general broadened
because of the slow rotation around the amide bond.
Measuring the spectra at 100°C in dg-DMSO allowed
resolved spectra to be obtained. The 'H NMR spectrum
of the anthranyl derivative 5j in contrast showed sharp
signals even at room temperature in CDCl;. The X-ray
analysis of 5j indicated that the aromatic anthranyl sy-
stem is almost orthogonal to the amide function and the
butadienyl system.*> Assuming that the solution struc-
ture is similar to the structure in the crystal, the rotation
around the amide bound will be strongly hindered by
the peri-protons. Due to this steric hindrance, one con-
former should be strongly preferred explaining the well-
resolved spectrum obtained from §5j.

We decided to replace the trimethylsilyl group of N-bu-
tadienyl-N-isopropylketene N,O-trimethylsilyl acetal of
propionamide by the rert-butyldimethylsilyl group. The
tert-butyldimethylsityl derivatives should be considerably
more stable towards hydrolysis. The in situ deprotona-
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tion silylation*® which had been applied successfully for
the synthesis of the N-butadienyl-N-isopropylketene
N,O-trimethylsilyl acetal of propionamide 13¢~37 could
not be used for the synthesis of the ketene N,O-tert-
butyldimethylsilyl acetal. Only when we applied the
method described by Rathke*” were good and reprodu-
cible yields of the N-butadienyl-N-isopropylketene N,O-
tert-butyldimethylsilyl acetal of propionamide 6a—j ob-
tained (Scheme 2, Tables 5 and 6). Deprotonation of the
amides 5a—j with LDA in the solvent mixture THF/
HMPA =10:1 at — 78°C followed by the addition of
a solution of tert-butyldimethylsilyl chloride in THF and
warming the reaction mixture to room temperature
allowed isolation, after the usual workup, of the N-bu-
tadienyl-N-isopropylketene N,O-tert-butyldimethylsilyl
acetal of propionamide 6a—j in almost quantitative yield
and in high purity as judged from the *H and **C spectra
(Table 6). The deprotonation/silylation of the N-(p-
bromobenzyl) 6h and N-anthranylmethyl derivative 6j
proved to be more difficult. Even though a 30 % excess
of LDA was usually used for the deprotonation, the N-(p-
bromobenzyl) derivative 6h was only 70 % silylated. Sub-
mitting this reaction mixture a second time to the depro-
tonation, silylation conditions allowed the transforma-
tion of the starting material completely but the ketene
N,O-tert-butyldimethylsily! acetal 6h was of unsatisfac-
tory purity. In the case of the N-anthranylmethyl de-
rivative only 70 % of the ketene-N,O-tert-butyldimethyl-
silyl acetal 6j could be isolated. Increasing the amount
of LDA did not lead to an increased yield of the ketene
N,O-tert-butyldimethylsilyl acetal 6k. The relatively low
yield could be due either to the competitive deprotonation
in the benzylic position or to an electron transfer from
the enolate anion to the aromatic system. The other rerz-
butyldimethylsilyl acetals 6a—g and 6i were obtained in
excellent yield and high purity, free of diisopropylamine.
The tert-butyldimethylsilyl acetals 6 a—j could be purified
via extraction and could be stored for months in the
refrigerator. However attempts to purify the ketene N,O-

acetals 6a—j via chromatography led to complete hydro-
lysis. Even the use of deactivated silica gel or aluminium
oxide allowed only the isolation of the hydrolysed starting
material. It has been reported that the triisopropylsilyl
group and the rerr-butyldiphenylsilyl group are more
stable towards hydrolysis than the tert-butyldimethylsilyl
group. Using the conditions successfully applied to syn-
thesize the ketene N,O-tert-butyldimethylsilyl acetals, the
corresponding more bulky N,0-acetals 7,8a,b could be
isolated in high purity and excellent yield (Scheme 3).
Neither triisopropylsilyl 7 nor the tert-butyldiphenylsilyl
derivatives 8a,b were stable enough to allow purification
by chromatography on silica gel, on silica gel deactivated
with triethylamine, or on aluminium oxide.
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The 'H NMR spectra of ketene acetals were well resolved
and the spectra could be completely assigned (Table 6).
The chemical shifts of the compounds 6a—e, 6f—i and
6j showed similar behaviour to that observed for the
corresponding amides. Changing the substituents on the
silyl group from trimethylsilyl to tert-butyldimethyl
6a—6j to triisopropyl 7 has no strong influence. The
tert-butyldiphenylsilyl group in contrast induces shift dif-
ferences of 0.5 ppm for HC(1) and 0.2 ppm for HC(2)
and HC(3).

OTBDMS 0

coct 1 THF,-78° Cc

Z "/ 2. CHyOH, rt. o
+ e ———————i
S 20 - 50%
6ac.e 9
9 R
a -CH;
b -CeHs
¢ -pCHy0CH,
Scheme 4
Table 1. Imines 4
Product R Yield bp
(%) (°C/Torr)
4a i-C3H, 68 29/11
4b CH,C.H, 47 100/0.04
4c CH,-p BrC,H, 60 120/0.02
4d CH,-p CH,0CH, 40 110/0.02
4e Anthranylmethyl 74 -

2 Could not be distilled

Table 2. Spectroscopic Data of the Imines 4a—e

Table 3. Dienamides §

Prod- R! R? Yield bp
uct (%)  (°C/Torr)
5a  i-C,H, CH, 67 39/0.03
5b  i-C,H, C,H, 65  51/0.03
5¢  i-C.H, CH,CH, 52 107/0.02
54 i-C,H, CH=CHCH, 66  67/0.05
se  iC,H, CH,-pCH,0C{H, 62 -
5f  CH,C.H, C,H, 6 47
Sg  CH,pBrCH,  C,H, 80  94-95b
Sh  CH,pBrC,H,  CH,pBrC,H, 8  97-98b
5i  CH,pCH,0CH, CH,pCH,0CH, 82  -*
5j Anthranylmethyl  C,H, 73 123®

? 5e and 5i were obtained as oils. They were not distilled.
® 5f—5h and 5j were recrystallized. The mp of the crystalline ma-
terial is indicated.

In conclusion, a series of N-alkyl-N-butadienylamides
5a-j have been synthesised and a method has been de-
veloped to obtain the stable, storable ketene N,O-tert-
butyldimethylsilyl acetals 6a—j in excellent yield. These
are free of LiCl and diispropylamine. They can be stored
for prolonged periods of time at — 20°C. The reported
synthesis will allow the study of the tandem reaction
under a larger variety of reaction conditions. Preliminary
investigations showed that the tandem reaction between
the ketene acetals 6a,6¢ and 6e and acryloyl chloride
allowed the isolation of the bicyclic products 9a—c
(Scheme 4). The absence of diisopropylamine facilitated
the isolation of the products because diisopropylacryloyl-
amide was not present as a side product. Studies on the
reaction of the ketene acetals 6a—j with fullerenes have
been started in a collaborative effort with the group of

Prod- IR (neat)* 'HNMR (CDCL,/TMS) 13CNMR (CDCL,/TMS)  MS (70eV)

uct v(em™?) 4, J (Hz) é mjz (%)

4a 2970, 2940, 2830, 1660, 7.85(d,1H,J=177),6.22-6.13 (m,2H), 159.9, 139.7, 132.2, 60.9, 112(16,M* + 1),96(100),
1625, 1465, 1450, 1380, 3.30 ( sept, 1H, J=6.2), 1.91 and 1.88  24.1, 18.2 94 (10), 79 (14), 68 (27), 55
1320, 1160, 980, 960,930  (d, 3H, J= 5.2), 1.17 (d, 6 H, J= 6.3) @5)

4b 3085-3025, 2965, 2925, 7.94(d,1H, J=8.1),7.34-7.24 (m, SH),  163.5,140.9, 139.5, 1334, 159 (10, M™), 144 (49), 92
2840, 1655, 1630, 1605, 6.30-6.25(m,2H),4.69and 4.63 (s, 2H), 129.5, 129.1, 126.9, 65.0,  (23), 91 (100), 80 (15), 65
1495, 1455, 1370, 1170, 1.91 and 1.89 (d, 3H, J=5.2) 18.4 37
1150, 1075, 1030, 970,
735, 700

4c 3020, 2965, 2915, 2840, 7.93 (dm, 1H, J=82), 7.46-7.43 (m, 164.5,142.0,139.1,132.6, 240 (25), 239 (31), 238 (38,
1660, 1625, 1590, 1485, 2H), 7.16-7.13 (m, 2H) 6.29-6.25 (m, 132.2, 130.3, 1214, 64.8, M™), 237 (27), 224, 222
1445, 1400, 1375, 1170, 2H), 4.61 and 4.56 (s, 2H), 1.91 and 1.89  19.1 (81), 171, 169 (100), 89 (21)
1100, 1070, 1010, 800 (d,3H, J=5.0)

4d 3035, 3000, 2955, 2935, 7.94-7.92 (dm, 1H, J=8.3), 7.19 (m, 163.2,158.7,140.8,132.2, 190 (100, M* +1), 189
2910, 2835, 1660, 1625, 2H), 6.85(d, 2H), 6.24 (m, 2H), 4.61and  131.6, 129.3, 1139, 64.4, (100, M*), 188 (39), 174
1610, 1510, 1465, 1440, 4.56 (s, 2H), 3.79 and 3.71 (s, 3H), 1.88  55.3, 18.4 (100), 134 (20), 122 (70),
1300, 1250, 1175, 1040, (d, 3H, J= 5.2) 121 (100), 91 (80), 89 (40),
970 78 (70), 77 (85)

4e 3060, 1550, 1310, 1255, 8.45and 8.42 (s, 1H), 8.25 (d, 2H), 8.01  163.2,140.8,132.4,131.6, 260 (100, M* +1), 259

1215, 1140, 1100, 1000,
980, 885

(d,2H), 7.86—7.82 (dm, 1 H, J = 8.7),7.51
(m, 4H), 6.28 (dd, 1 H, J = 15.6,8.7), 6.01
(dq, 1H, J = 15.5, 6.6), 5.76 and 5.67 (s,
2H), 1.79 (d, 3H, J= 6.8)

130.7,129.9,129.2, 128 4,
127.6,126.3,125.0, 124.5,
55.2,184

(96, M%), 244 (2), 192 (40),
191 (30), 190 (12), 189 (25)

* The IR of 4d and 4e were measured in CCl,



Table 4. Spectroscopic Data of the Dienamides Sa—j

Prod-
uctd

IR (CCL,)*
viem™ 1)

'H NMR (d,-DMSO/TMS/373 K)®
s, J (Hz)

13CNMR (CDCl,/TMS)*
o

MS (70 eV)
mjz (%)

Sa

5b

Sc

5d

Se

5f

5¢g

Sh

5i

5

2975, 2940, 1680, 1635,
1605, 1430, 1400, 1370,
1320, 1300, 1255, 1240,
1175, 1020, 1000, 890

2980, 2940, 2880, 1680,
1635, 1605, 1460, 1430,
1400, 1380, 1365, 1340,
1290, 1250, 1220, 1170,
1130, 1075, 1000, 925,
890

3085, 3065, 3030, 2975,
2935, 1745, 1665, 1635,
1600, 1495, 1455, 1425,
1400, 1345, 1220, 1170,
1000

2975, 2940, 1665, 1630,
1445, 1425, 1400, 1330,
1295, 1250, 1205, 1170,
1130, 1085, 1000, 970,
930, 895, 855

3065, 2965, 2935, 2835,
1740, 1640, 1625, 1585,
1555, 1515, 1465, 1425,
1340, 1300, 1250, 1180,
1035, 1000, 810

3080, 3030, 2980, 2940,
2875, 1670, 1635, 1455,
1430, 1375, 1345, 1310,
1255, 1190, 1165, 1075,
995, 925, 890, 745, 705

3070-3010, 2980, 2935,
2915, 1900, 1790, 1670,
1645, 1600, 1480, 1460,
1430, 1420, 1395, 1380,
1320, 1300, 1215, 1175,
1065, 1020, 1010, 970,
960, 890

3090, 2920, 2850, 1675,
1640, 1490, 1410, 1375,
1160, 1075, 1015

3070, 3035, 3000, 2955,
2935, 2910, 2835, 1675,
1640, 1615, 1585, 1515,
1465, 1440, 1425, 1380,
1325, 1300, 1250, 1180,
1160, 1040

3090, 3050, 3015, 2980,
2940, 1675, 1635, 1525,
1460, 1450, 1420, 1380,
1340, 1285, 1245, 1195,
1165, 1030, 990, 920,
885, 735

6.79 (d, 1H, J=14.0), 6.49 (dt, 1H,
J=16.9, 10.3, 10.3), 6.17 (br s, 1H, H-
C(2)), 527 d, 1H, J= 16.9), 5.09 (d, 1 H,
J=10.1), 4.58 (br s, 1H), 2.21 (s, 3H),
1.32 (d, 6H, J=6.9)

643 (d, 1H, J=13.7), 633 (dt, 1H,
J=16.9, 10.4, 10.1), 6.00 (br s, 1 H), 5.20
(d, 1H, J= 16.9), 5.08 (d, 1H, J= 10.1),
4.66 (brs, 1H),2.39 (q, 2H, J=7.3), 1.24
(d, 6H, J=69), 1.12 (t, 3H, J=7.3)

7.36-7.21 (m, 5H), 6.41-6.22 (br m, 2H),
6.04-592 (br t, 1H), 519 (d, 1H,
J=16.9), 512 (d, 1H, J=11.1), 4.68 (br
sept, 1 H, J= 6.6), 3.75 (brs, 2H), 1.19 (d,
6H, J=6.9)

6.89 (dq, 1 H, J=15.0, 6.9), 6.36 (dt, 1 H,
J=17.0,10.4,10.3),6.32(d, 1 H,J = 13.6),
6.21(dd,1H,J=15.1,1.7),596 (dd, 1 H,
J=13.7,10.8), 5.2 (d, 1 H, J= 16.7), 5.09
(d, 1H, J= 10.0), 4.73 (sept, 1 H, J= 6.9),
1.84 (dd, 3H, /=69, 1.6), 1.19 (d, 6H,
J=6.9)

7.30 and 7.24 (m, 2 H), 6.97 (m, 2 H), 6.73
{d, 1H, J=14.0), 6.50 (dt, 1H, J=17.0,
10.5, 10.3), 6.17 (dd, 1H, J= 14.0, 10.5),
5.30(dd, 1H, J=17.0,1.8), 5.15(dd, 1 H,
J=10.2, 1.8), 4.64 and 3.98 (sept, 1H,
J=6.9), 3.87 and 3.86 (s, 3H), 3.82 and
3.45(s,2H),1.32and 1.20(d, 6 H, J= 6.8)
7.45-7.25(m, 5H),7.35(d, 1H,J=17.2),
6.46(dt,1H,J= 16.5,10.3,10.2), 5.81 (dd,
1H,J=13.9,10.4),5.07(dd, 1 H,J= 16.9,
1.8), 4.99 (s, 2H), 4.97 (dd, 1 H, J=10.2,
1.9),2.69 (brq,2H,J=71),1.21(,3H,
J=13)

7.61 (m, 2H), 7.33 (m, 1 H), 7.26 (d, 2H),
6.46 (dt,1H,J=17.0,10.2,10.2), 5.82 (dd,
1H,J=13.9,10.2),5.12(dd, 1 H, /= 17.0,
1.2), 5.00 (d, 1H, J=10.2), 4.95 (s, 2H),
2.69(q,2H,J=13),121(t,3H,J=1.3)

7.61-7.59 (m, 4H), 7.39 (d, 1 H, J= 13.8),
7.34-7.32and 7.27-7.24 (m, 4 H), 6.46 (dt,
1H, J=17.2, 10.3, 10.2), 5.86 (dd, 1H,
J=13.8,10.3),5.12(dd, 1H, /= 17.0, 1.6),
5.01 (dd, 1H, J= 102, 1.6), 4.98 (s, 2H),
4.08 (s, 2H)

742 (d, 1H, J= 14.0), 7.31 and 7.25 (m,
4H), 7.01 (m, 4H), 6.47 (dt, 1 H, J= 16.9,
10.3, 10.2), 5.89 (dd, 1 H, J= 13.9, 10.3),
5.13(dd, 1H, J= 169, 1.7), 5.01 (dd, 1H,
J=10.2, 1.7), 4.96 (s, 2H), 4.02 (s, 2H),
3.88 and 3.87 (s, 6 H)

8.38 (s, 1 H), 8.25 (d, 2H), 7.99 (d, 2H),
7.44 (m, 4H), 6.18 (br d, 1H, J=13.1),
5.90-5.80 (m, 1 H), 5.85 (s, 2H), 5.67 (dd,
J=13.6,10.8),4.72 (d, 1 H, J= 10.0), 4.63
(d, 1H, /= 16.8), 2.47 (g, 2H, J=1.3),
1.23 (t, 3H, J=1.3)

170.1, 134.9, 129.9, 124.9,
117.1, 46.9, 24.0, 20.6

172.4, 134.4, 128.8, 123.0,
115.8, 46.5, 28.0, 19.8, 9.2

170.6, 135.2, 134.0, 129.4,
129.1, 129.0, 127.2, 117.8,
474,427, 20.5

166.4, 141.8, 134.8, 128.9,
127.7, 124.6, 117.5, 471,
20.8, 18.8

169.4, 168.9, 157.8, 157.7,
134.5, 129.4, 125.3, 129.3,
1271, 121.8, 114.9, 113.6,
113.4, 54.7, 464, 413,
400, 21.8,19.3

172.4, 137.1, 135.4, 130.9,
128.3, 126.6, 126.1, 113.2,
112.5, 48.5, 26.3, 8.8

172.1, 136.4, 134.9, 130.9,
130.4, 128.2, 119.4, 113.1,
112.4, 25.9, 8.5

175.5, 142.5, 140.4, 141.1,
137.4, 137.2, 137.0, 136.8,
134.6, 125.9, 125.8, 120.0,
119.7, 52.1, 45.2 '

169.7, 158.1, 157.9, 134.9,
130.8, 129.6, 128.7, 127.3,
126.5, 113.7, 113.6, 113.1,
112.8, 54.7, 45.7, 38.9

174.0, 134.5, 131.9, 131.5,
130.1, 129.9, 128.9, 128.5,
126.9, 125.5, 124.6, 122.9,
116.8, 41.5, 28.6, 10.2

154 (32, M* +1),153,(33,
M*), 112 (21), 111 27), 97
(67), 96 (100), 70 (39), 69
(64), 68 (44), 43 (90)

168 (22, M* +1), 167
(M), 112 (25), 111 (33),
97 (75), 96 (100), 70 (27),
69 (46), 68 (33), 58 (23), 57
(45), 44 (40), 43 (52)

229 (42, M), 111 (44), 96
(71), 91 (100), 65 (18), 41
(14

179 (5, M™), 164 (4), 111
(14), 96 (63), 69 (100), 68
(15), 41 30)

260 (72, M* +1),259 (73,
M*), 122 (56), 121 (84),
112'(36), 111 (89), 97 (20),
96 (100), 91 (32), 89 (1),
78 (32), 77 (34), 68 (12), 43
(35)

216 (24, M* +1), 215 (83,
M™*), 159 (76), 144 (100),
91 (100), 68 (20), 65 (52),
57 (44)

295, 293 (60, M* +1),
239, 237 (100), 224, 222
(83), 171, 169 (73), 90 (13),
89 (13), 57 (15)

437,435,433 (2,3,1, M*),
266, 264 (5), 239, 237 (50),
204,222 (34), 171, 169 (90),
91, 89 (49)

337 (1, M™), 189 (2), 121
(100), 91 (11), 78 (15), 77
%))

316 (25, M* + 1), 264 (9),
193 (13), 192 (100), 191
(96), 190 (26), 189 (38)

a 6 o ®

The IR of 5¢, 5f, 5g and 5j were measured in KBr and the IR of 5d and Se were measured neat.
The 'HNMR of 5b, 5¢, 5d, and 5j were measured at r.t. in CDCl,;.
The '3C NMR of 5e—5i were measured at 373 K in d,-DMSO.

Satisfactory HRMS or microanalysis was obtained C + 0.04, H + 0.04, N + 0.08.



Y. Rubin at UCLA.*® The results of these studies will
be reported later.

All reagents were of commercial quality if not specially mentioned.
The reactions were carried out under Ar. Solvents were dried by
distillation using the following drying agents: THF (Na), Et,O
(CaH,), CH,Cl, (CaH,), MeOH (Mg), EtOH (Mg). Silica Gel 60
(Merck) was used for flash-chromatography (FC). Mps were de-
termined in open capillary tubes on a Kofler melting point apparatus
(Thermovar, C. Reichert AG, Vienna) and are uncorrected. IR
spectra were obtained using a Perkin-Elmer 1720 X FT IR spec-
trophotometer (liquid films using KBr discs or in CHCl; or CCl,
solution). 'H and '*CNMR spectra were measured on a Bruker
AMX 400 (400 and 100 MHz) or on a VARIAN Gemini 200 (200
and 50 MHz). If not otherwise mentioned, spectra were measured
in CDCl; with CHCI, as internal standard. J values are given in
Hz. Mass spectra were recorded on a Vacuum Generator Micromass
7070E for the HRMS and on a NERMAG R30-10 at 70 eV for
the rest of the mass spectra; relative peak intensities are given in
% of the base peak (= 100 %). Microanalyses were performed in
the microanalytical laboratories of CIBA-GEIGY Ltd., Marly/Fri-
bourg.

N-4-Bromobenzyl-(E)-but-2-ene-1-imine (4 c); Typical Procedure

To a cold (0°C) solution of crotonaldehyde (1.25 g, 17.8 mmol) and
4-bromobenzylamine (3.0 g, 16.2 mmol) in Et,O (30 mL) was added
in small portions molecular sieves 4 A (20 g). The mixture was
stirred for 4 h at r.t., filtered and the molecular sieves were washed
with Et,0O (4 x 60 mL). Concentration of the filtrate and Kugelrohr
distillation (120°C/0.02 Torr) of the crude product afforded the
imine 4¢ (2.31 g, 60%) as a colorless oil. The imines 4a—d were
purified by distillation whereas the imine 4e was used directly.

(E)-1-Amino-/V-isopropyl-/V-phenacetylbuta-1,3-diene (5c¢);

Typical Procedure:

To a solution of phenacetyl chloride (12.5 g, 80 mmol) and N,N-
diethylaniline (14.9 g, 80 mmol) in anhyd toluene (40 mL) was added
dropwise at r.t. a solution of imine 4a (9.0 g, 0.1 mol) in toluene
(30 mL) under Ar. The mixture was stirred overnight at this tem-
perature, filtered over Celite and the residue was washed with tol-
uene (2x50mL). The combined organic layers were combined
and washed with 1M aq HCl (2x100mL), sat. ag NaHCO,
(2x100 mL) and H,O (2 x 100 mL). The organic phase was dried
(MgS0,) and evaporated under reduced pressure. The residue was
purified by distillation (107°C/0.02 Torr) to give 5a (9.43 g, 52%)
as a light yellow oil. The dienamides 5a—d were purified by distil-
lation. The dienamides Se and 5i were filtered over silica gel to give
a light yellow oil. The dienamides 5f-h and 5j were filtered over
silica gel and then recrystallized.

Table 5. N-Alkyl-N-Butadienylketene N,O-tert-Butyldimethylsilyl
Acetals 6

Prod- R! R? Yield
uct (%)
6a i-CyH, CH, 98
6b i-C3H, C,H; 92
6¢ i-C;H, CH,C¢H, 97
6d i-C3H, CH=CHCH;, 98
6e i-C;H, CH,-pCH;0C¢H, 98
6f CH,C¢H, C,H; 98
6g CH,-pBrC¢H, C,H; 96
6h CH,-pBrC,H, CH,-pBrC,H, 97
6i CH,-pCH,0C,H, CH,-pCH,0C,H, 98
6j Anthranylmethyl C,H; 70

2 For the synthesis of 6h a second equivalent of BuLi and
TBDMSCI had to be added.

(Z)-N-{(E)-Buta-1,3-dienyl}- N-isopropyl- 1-[(zert-butyldimethylsil-
yl)oxy]prop-1-enamine (6 a); Typical Procedure:

In a flame dried three-necked flask fitted with magnetic stirrer,
septum, Ar bubbler and thermometer, 1.6 M BuLi (hexane, 3.0 mL,
4.2 mmol) was added dropwise to a solution of anhyd (i-Pr),NH
(0.6 mL, 4.3 mmol) in anhyd THF (10 mL) at — 78°C. After addi-
tion was complete the mixture was allowed to reach 0°C and stirred
for 30 min at this temperature. The mixture was cooled to — 78 °C
and freshly distilled HMPA (1.0 mL) was added quickly. Afterwards
a solution of the dienamide 5a (0.47 g, 3.0 mmol) in anhyd THF
(2 mL) was added slowly at the same temperature and stirring was
continued for 10 min at — 78°C. To this solution was added drop-
wise a solution of TBDMSCI (0.51 g, 3.4 mmol) in anhyd THF
(2mL) at — 78 °C. The mixture was warmed to r.t. and stirred for
2h. NMR analysis of the reaction mixture using 5h as starting
material showed that the transformation was not complete. The
temperature was lowered to — 78°C and a 1.6 M solution of BuLi
(hexane, 3.0 mL, 4.2 mmol) was added dropwise followed by a so-
lution of TBDMSCI (0.5t g, 3.4 mmol) in THF (2 mL). Pentane
was added (30 mL) and the resulting solution was washed with
water (2 x 10 mL) and with brine (2 x 10 mL). The organic phase
was dried (Na,SO,) and the solvent was removed to give spectro-
scopically pure silyl enol ether 6a (0.86 g).

We acknowledge financial support from Swiss National Science Foun-
dation.
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Table 6. Spectroscopic Data of the Ketene N,0-Silyl Acetals 6a—j

IR (CCl,)*
v(em™Y)

'HNMR (CDCl,/TMS)
4, J(Hz)

13CNMR (CDCl,/TMS)
0

MS (70 eV)
mfz (%) -

6a

6b

6¢

6d

6e

6f

6g

6h

6i

6

3085, 3045, 2960,
2930, 2860, 1670,
1630, 1470, 1460,
1320, 1255, 1050,
995

3085, 3040, 2960,
2930, 2890, 2860,
1635, 1470, 1465,
1425, 1390, 1365,
1300, 1255, 1000,
835, 815

3025, 2960, 2930,
2885, 2860, 1630,
1470, 1465, 1390,
1255, 1165, 1115,
840

3085, 3045, 2960,
2930, 2860 1630,
1470, 1420, 1390,
1330, 1280, 1250,
1170, 1040, 995,
840

3045, 2960, 2930,
2900, 2860, 1740,
1630, 1610, 1585,
1575, 1560, 1510
1465, 1420, 1390,
1365, 1295, 1250,
1175, 1115, 1025,
1005, 840
30803010, 2960,
2950, 2885, 2860,
1670, 1635, 1460,
1425, 1385, 1360,
1330, 1255, 1200,
1060, 995, 885,
840

3080—-3010, 2960,
2930, 2885, 2860,
1670, 1635, 1490,
1360, 1260, 1200,
1165, 1060, 995
840

3030, 2960, 2930,
2860, 1630, 1490,
1470, 1360, 1260,
1160, 1075, 1010,
995, 915

3000, 2955, 2930,
2860, 2835, 1635,
1510, 1465, 1365,
1250, 1175, 1160,
1040, 840

3060, 2960, 2930,
2860, 1680, 1635,
1550, 1255, 1215,
1165, 1005, 980

6.23 (dt, 1H, J=16.5, 10.6, 10.5), 6.18 (d, 1H,
J=14.1), 5.32 (dd, 1H, J=13.7, 10.6), 4.75 (dd,
1H,J=16.8,2.2),4.53(dd, 1 H, J= 10.3,2.1),4.33
(g, 1H, J=6.7), 3.59 (sept, 1H, J=6.7), 1.56 (d,
3H, J=6.7), 1.22 (d, 6H, J=6.7), 0.93 (s, 9H),
0.1 (s, 6 H)

6.39(d, 1 H, J= 14.0), 6.27 (dt, 1 H, J=16.7, 10.2,
10.2), 5.42 (dd, 1H, J= 14.1, 10.2), 4.81 (dd, 1H,
J=16.7, 1.7), 4.61 (dd, J=10.2, 1.8), 3.84 (sept,
1H, J=6.9), 3.76 and 3.72 (d, 2H, J=1.7), 1.25
(d, 6H, J=6.9), 0.94 (s, 9H), 0.19 (s, 6 H)

7.53-7.48 (m, 2 H), 7.30—7.22 (m, 2H), 7.16-7.08
(m, 1H), 6.31 (dt, 1H, J=16.9, 10.7, 10.2), 6.28
(d,1H,J=13.6),5.46 (dd, 1 H, J= 13.7,10.6), 5.33
(s, 1 H), 4.81 (dd, 1 H, J= 16.9, 2.0), 4.63 (dd, 1 H,
J=10.2,1.9), 3.75 (sept, 1H, J=6.7), 1.29 (d, 6 H,
J=6.7),0.92 (s, 9H), 0.1 (s, 6 H)

6.55 (dt, 1H, J=17.1, 10.6, 10.4), 6.26 (dt, 1H,
J=16.9, 10.4, 10.3), 6.21 (d, 1H, J=13.9), 5.46
(dd, 1H, J = 13.5,10.5),5.07 (d, 1 H, J= 10.8), 4.95
(dd, 1H, J=17.2,2.0),4.85 (dd, 1 H, J = 16.8, 1.6),
4.79 (dd, 1H, J= 10.4, 2.0), 4.64 (dd, 1 H, J=10.2,
1.7 Hz), 3.76 (sept, 1 H, J= 6.8 Hz), 1.23 (d, 6 H,
J=6.8Hz), 0.97 (s, 9H), 0.11 (s, 6 H)

7.46 (m, 2 H), 6.81 (m, 2H), 6.32 (dt, 1 H, J= 16.9,
10.7, 10.5Hz), 6.31 (d, 1H, J=13.7 Hz), 5.43 (dd,
1H, J=13.8, 10.5 Hz), 5.29 (s, 1 H), 4.80 (dd, 1 H,
J=16.8, 1.9 Hz), 4.60 (dd, 1H, J=10.4, 1.8 Hz),
3.80 (s, 3H), 3.73 (sept, 1 H, J=6.7), 1.27 (d, 6 H,
J=6.7), 0.97 (s, 9H), 0.06 (s, 6 H)

7.35-7.19 (m, SH), 6.66 (d, 1 H, J= 13.7), 6.26 (dt,
1H, J=16.7, 10.6, 10.2), 5.19 (dd, 1H, J=13.7,
10.6), 4.75 (dd, 1H, J=16.7, 1.8), 4.60 (dd, 1H,
J=10.2, 1.8), 4.49 (s, 2H), 4.23 (q, 1H, J=6.7),
1.58 (d, 3H, J=6.7), 1.02 (s, 9H), 0.17 (s, 6 H)

7.42 (m, 2H), 7.07 (m, 2 H), 6.60 (d, 1 H, J= 13.8),
6.22(dt,J = 16.8,10.3,10.3),5.11(dd, 1 H,J= 13.8,
10.4), 4.73 (dd, 1H, J= 16.8, 1.8), 4.60 (dd, 1H,
J=102, 1.6), 4.39 (s, 2H), 417 (q, 1 H, J=6.7),
1.55 (d, 3H, J= 6.7), 0.98 (s, 9H), 0.13 (s, 6 H)

7.49-7.11 (m, 8 H), 6.85 (d 1 H, J= 13.8), 6.26 (dt,
1H, J=16.8, 10.6, 10.3), 5.24 (dd, 1H, J= 138,
10.4), 5.07 (s, 1H), 4.85 (dd, 1H, J=16.9, 1.7),
4.70 (dd, 1H, J=10.2, 1.7), 4.57 (s, 2H), 0.92 (s,
9H), 0.1 (s, 6 H)

7.35-7.16 (m, 4H), 6.89-6.75 (m, 5H), 6.28 (dt,
1H, J=16.9, 104, 10.1), 5.28 (dd, 1 H, J=13.8,
10.5), 5.15 (s, 1H), 4.82 (dd, 1H, J= 169, 1.7),
4.66 (dd, 1H, J= 102, 1.8), 4.54 (s, 2H), 3.79 (s,
6 H), 1.00 (s, 9 H), 0.02 (s, 6 H)

8.41 (s, 1 H), 8.28 (m, 2 H), 8.01 (m, 2H), 7.55-7.41
(m, 4H), 622 (d, 1H, J=13.6), 6.12 (dt, 1H,
J=16.6, 10.4, 10.3), 5.61 (dd, 1 H, J=13.4, 10.4),
517 (s, 2H), 4.81 (dd, 1H, J= 16.7, 2.0 Hz), 4.54
(dd, 1H, J=10.1, 1.9), 428 (q, 1 H, J=6.7), 1.38
(d, 3H, J=6.7), 0.91 (s, 9H), 0.08 (s, 6 H)

147.9,138.1, 138.0, 106.6,
104.1, 99.6, 50.5, 26.4,
209, 18.8, 11.7, — 3.5

154.0,137.2,135.7,107.1,
1049, 79.8, 48.5, 25.7,
19.9, 18.0, — 4.8

147.6,137.1,136.2, 136.1,
128.3,127.9, 125.6, 107 .3,
105.6, 104.3, 50.5, 25.9,
20.4,18.2, —3.8

149.3,137.6, 135.2, 132.8,
111.5,108.5, 107.8, 103.7,
50.8, 26.4, 209, 189,
—-3.6

158.3,147.1,137.7,137.2,
130.1,129.4, 114.1, 107.6,
105.8, 105.1, 51.1, 26.6,
209, 18.8, —3.2

149.6,138.4,137.6, 137 .4,
129.1,127.5,127.3,108.1,
104.0, 91.0, 50.5, 264,
18.9,11.7, —3.8

149.4,137.4,137.3,1371,
132.4,129.3, 121.3, 108.6,
104.3, 91.3, 499, 264,
18.9, 11.6, — 3.8

150.3,136.7,136.6, 136.1,
135.2,132.4,132.3,131.6,
130.4,121.5,118.9,110.4,
106.6, 94.4, 50.5, 26.3,
18.7, —2.9

158.6,157.2, 148.3, 136.6,
135.8,129.4,129.2,128.1,
114.1,113.4,108.4, 104.7,
95.6,55.3,49.8,25.9,18.3,
—4.2
147.9,139.4,137.5,132.1,
132.0,131.9,129.7, 126.6,
125.6,125.5,125.4,107.9,
105.2, 97.8, 46.9, 264,
18.8, 11.4, —3.65

282(13, M* +1), 281 (19,
M), 267 (16), 266 (22),
115(8), 75 (13), 74 (17), 73
(100)

270 (4), 269 (2), 268 (10,
M* 4 1), 267 (15, M*),
266 (13), 147 (10), 114 (11),
96 (17), 94 (18), 75 (50), 73
(100), 59 (13), 57 (15)

344 (1, M* +1), 266 (1),
118 (3), 115 (23), 114 (12),
96 (13), 91 (33), 90 (13), 75
(23), 74 (11), 73 (100)

293 (11, M), 278 (7), 252
(14), 237 (18), 114 (16), 73
(100)

374(16,M* + 1),261(38),
260 (100), 259 (67), 121
(32), 111 (61), 97 (12), 96
(80), 91 (32), 78 (24), 77
(28), 75 (12), 73 (31)

329(17,M*), 314 (23), 288
(9), 238 (9), 159 (11), 91
(100), 75 (23), 73 (78), 65
(18)

409 (10, M*), 394 (3), 238
(@), 171, 169 (46), 75 (13),
73 (100)

549 (1, M*), 5.48 (1), 547
(1), 239 (8), 237 (8), 224
(8), 222 (8), 171 (44), 169
(46), 90 (27), 89 (24), 75
(15), 73 (100)

452 (4, M* +1), 451 (1,
M), 235 (4), 122 (7), 121
(24), 91 (18), 77 (24), 73
(100)

430 (56, M™* + 1), 429 (5,
M™), 264 (14), 263 (23),
192 (43), 191 (37), 189 (14),
106 (11), 75 (28), 74 (17),
73 (100), 57 (20)

2 The IR of 6b was measured in KBr and the IR of 6d was measured neat.
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