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Treatment of a variety of N-acyliminium ion precursors with 2,3-butadienyl(trimethyl)silane and related allenes in the presence of BF3-OEt,
provides good yields of N-protected 2-(aminomethyl)-substituted 1,3-dienes, which prove to be useful substrates for subsequent Diels—Alder
and alkene metathesis reactions.

Diels Alder

An important C-C bond forming reaction for the construc- with aldehydes and acetéland also in [2+ 2]-cycloaddi-
tion of nitrogen-containing molecules is the addition of tions® To the best of our knowledge, 2,3-butadienyl-
carbon nucleophiles td-acyliminium intermediate5Silicon- (trimethyl)silane and analogues thereof have not been used
containingz-nucleophiles have proven particularly useful as nucleophiles witiN-acyliminium ions?
in this process, as the silyl function both enhances the In this communication we report the reaction of allenyl-
reactivity and controls the regioselectivity of thenucleo- methylsilanes3 and analogous structures with a range of
phile? Thus, the employment of allylsilanes, allenylsilanes, N,O-(hemi)acetald via theN-acyliminium ion intermediate
and silyl enol ethers leads to the introduction of allyl, 2 to form the 2-substituted diends(Scheme 1J.We also
propargyl, and 2-oxoalkyl groups, respectively, onto the report on the versatility of the produc#% by showing
iminium carbon atond. preliminary results of DielsAlder and alkene metathesis
Yet another type of silicon-containing nucleophiles are the reactions.
(allenylmethyl)silaneg,which have been used in reactions Our preparation of allenylmethylsilar3ais a modification
of the procedure described by G@feOn treatment of
(1) For a recent reviews, see: (a) Speckamp, W. N.; Moolenaar, M. J. propargyl tosylateHa) with trimethylsilyl-methylmagnesium

Tetrahedror200Q 56, 3817-3856. (b) Hiemstra, H.; Speckamp, W. N. In - chjgride in diethyl ether in the presence of CUCN and LiCl
Comprehensie Organic SynthesisTrost, B. M., Fleming, I., Eds; Perga-

mon: Oxford, 1991; Vol. 2, pp 10471082.

(2) Review: Fleming, I.; Dunogise J.; Smithers, ROrg. React.1989 (4) (a) For a recent review, see: Hatakeyama].SSynth. Org. Chem.
37, 57-575. Jpn1997 55, 793-802. (b) Luo, M.; Matsui, A.; Esumi, T.; Iwabuchi, Y.;
(3) For syntheses of allenylmethylsilanes, see: (a) Montury, M.; Psaume, Hatakeyama, STetrahedron Lett200Q 41, 4401-4402.
B.; Gorg J.Tetrahedron Lett198Q 21, 163-166. (b) Kleijn, H.; Vermeer, (5) (a) Colvin, E. W.; Kmig, W. A.; Loreto, M. A.; Rowden, J. Y.;

P.J. Org. Chem1985 50, 5143-5148. (c) Pornet, J. Organomet. Chem. Tommasini, |I.Bioorg. Med. Chem. Lettl993 3, 2405-2408. (b) Hojo,
1988 340, 273-282. (d) Harada, T.; Osada, A.; Oku, Retrahedron Lett. M.; Murakami, C.; Nakamura, S.; Hosomi, Zhem. Lett.1998 331—
1995 36, 723-724. (e) Creary, X.; Jiang, Z.; Butchko, M.; McLean, K.  332.

Tetrahedron Lett1996 37, 579-582. (f) Harada, T.; Katsuhira, T.; Osada, (6) For reactions of allenes witd-acyliminium ions, see: Beyersbergen
A.; lwazaki, K.; Maejima, K.; Oku, A.J. Am. Chem. Socl996 118 van Henegouwen, W. G.; Fieseler, R. M.; Rutjes, F. P. J. T.; Hiemstra, H.
1137711390. (g) Lahrech, M.; Hacini, S.; Parrain, J.-L.; Santelli, M. J. Org. Chem200Q 65, 83178325 and references therein.

Tetrahedron Lett1997, 38, 3395-3398. (h) Tseng, H.-R.; Lee, C.-F.; Yang, (7) For a comparable synthesis of 1,3-dienes with an amide substituent
L.-M.; Luh, T.-Y. J. Org. Chem1999 64, 8582-8587. (i) Maruyama, Y.; at the 1-position of the diene, see: Takacs, J. M.; Weidner, J. Org.
Yoshiuchi, K.; Ozawa, FJ. Organomet. Chen200Q 609, 130-136. Chem.1994 59, 6480-6483.
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the product was obtained in 65% yield on a 16 g scale
(Scheme 2). Three substituted analogugis—d® were

Scheme 2
TMS .
CIMg/_ (1 equiv)

CuCN (1 equiv)

R4 LiCl (2 equiv) R4 TMS
=R, > \::(7
TsO Et,0 R2
5 -78°C—>rt,17h 3aR;=Ry=H
. 3bR;=Me,Ry=H
61-77% 3cRy=H, Ry =Me
3dRy=Ph Ry=H

synthesized in a similar manner starting from the corre-
sponding substituted propargyl tosylates (synthesized by
tosylation of the corresponding alcohols) in-647% yield.

As allenylmethylsilane3b is a chiral allene, we were
interested to know whether its axial chirality would be
transferred in theN-acyliminium ion reaction. Optically
active allene3b (Jo]p = —11.1, ¢ 1.31, CHC}) was

synthesized in the usual way (see Scheme 2) from the tosylate

of commercially available enantiopuré&){but-3-yn-2-ol?
The ee of the product appeared to be only ca. 70% as
determined by a well-known NMR methad#.

Allene 3awas then used as-nucleophile in the reaction
with a range of differenN-acyliminium ion precursors (see
Table 1). Precurso®a—f and7a,b were obtained from the
corresponding imides by successidealkylation, NaBH
reduction, and acidic ethanolysis, according to well-known
procedures! Likewise, 82 and 9'3 were prepared via
reduction of N-substituted lactams. The methoxyglycine
derivatives 10a,b were synthesized via coupling of the
appropriate carbamate with methyl glyoxylate methyl hemi-
acetal followed by methanolysts.

Initially CH,CIl, was chosen as solvent to effect the
N-acyliminium ion reaction between alleBa (4 equiv) and
precursoréb in the presence of BFOEL (2 equiv) as the
Lewis acid. This reaction did not go to completion even after
17 h, and only 16% of the expected dienelacthib was
isolated. However, when carried out in acetonitrile the
reaction was finishechi4 h in asatisfactory yield of 69%.

(8) Colvin, E. W.; Monteith, MJ. Chem. Soc., Chem. Comma89Q
1230-1232.

(9) Elsevier, C. J.; Vermeer, B. Org. Chem1989 54, 3726-3730.

(10) Mannschreck, A.; Munninger, W.; Burgemeister, T.; GdreCazes,
B. Tetrahedron1986 42, 399-408.
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Table 1.
R1 3:(7TMS(4 equiv)
—e
Ro
BF 3 OEt; (2 equiv)
6-10 11-18
CH3CN
0 °C, 30-60 min
rt, 0.5-19 h
entry precursor allene time (h) product yield (%)°
Ra
O/A/p\oa
. oW
R |
R Ry
1 6aR=H 3a 1.5 11a 74
2 6aR=H 3b 1.5 12 84
3 6aR=H 3¢ 3 13 85
4 6aR=H 3d 1 14 65
5 6b R =Bn 3a 4 11b 69
6 6¢c R=All 3a L5 11c 63
7 6dR=3-butenyl 3a 19 11d 42°
8 6e R=4-pentenyl 3a 2 lle 74
9  6fR=>5-hexenyl 3a 2 72
R
10 7aR=H 3a 6.5 87
11 7b R=All 3a 17 68°
) 2 49
12 N OEt 3a O\\(\
COEt g CO,Et
S 3a 05 = 74
13 N~ on Q\\C
Ts 9 Ts 17
OMe |
HN™>CO,Me
R CO,Me
14 10a R =Cbz 3a 2 18a 88
15 10b R = Fmoc 3a 1 18b 75

alsolated yields after column chromatographysing 10 equiv of
nucleophile and 5 equiv of BFOEt in CH.Cl,. ¢Using 10 equiv of
nucleophile and 5 equiv of BFOEb.

Similar conditions appeared successful for the other
N-acyliminium precursor$—10 to provide the expected
dienelactam products in yields ranging from 42% to 88%
(Table 1). The products were somewhat air-sensitive oils that
should be kept under nitrogen. In two cases a slightly
different procedure was applied. For precurgbientry 11)
the standard conditions resulted in only 34% yield of the
diene productl5b, together with 14% of the piperinone
resulting from ethanol elimination frorb. On using a larger
excess of both the nucleophile (10 equiv) and the Lewis acid
(5 equiv) the yield was doubled to 68%, without observing
the elimination product. In the case of precur§dr(entry
7) the standard conditions furnished none of the desired
diene, but instead the unsaturatésubstituent caused
N-acyliminium cyclization with incorporation of acetonitrile
furnishing bicyclic imidatel9 (Figure 1). When this reaction

Org. Lett., Vol. 4, No. 20, 2002
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Figure 1. Bicyclic imidate fromé6d.

was carried out in CkCl, with a larger excess of both
nucleophile (10 equiv) and Lewis acid (5 equiv) the
cyclization was prevented and the dietied was formed in
a moderate yield (42%). The protected methoxyglycib@s
showed excellent reactivity to alleBe, providing protected
butadienylglycinesl8 in good yields. To the best of our
knowledge this speciak-amino acid has not been synthe-
sized before. It was reported to occur in a natyrglutamyl-
dipeptide®

The reactions of the substituted nucleophi&s-d with
N-acyliminium ion precursobaresulted in formation of the
1,2-disubstituted dienyllactamb2—14 in 65—85% vyield.
Diene 12 was formed as the purg-isomer as shown by a
IH NMR NOE experiment, whereal4 was a 1:1 mixture
of geometric isomers.

Subjection of theN-acyliminium ion precursoréa,b and
10ato the optically active allen8b resulted in ee’s up to
21% for the products (Figure 2). Although the extent of

NS
o] s 0 oS
N "t \ HN™ > CO,Me
Ph Cbz

12 79%, 21 % ee 2084 %, 14 % ee  2185%, 10 % ee
Figure 2. Enantioenriched products from reactions of optically
active allene3b (ee 70%). The ee’s were determined by using the

chiral shift reagent Eu(hfg)in 'H NMR.

transmission of axial chirality to the new stereocenter is rather
poor (30% at the most, corrected for the ee of starting allene),
the present work is the first demonstration of this phenom-
enon in a $2' reaction of a chiral allene.

After successful formation of a range of 1,3-dienylamides
we briefly explored the potential applications of these
molecules. The ring-closing metathesis readfiéhof sys-

(11) (a) Schoemaker, H. E.; Dijkink, J.; Speckamp, W.Tétrahedron
1978 34, 163-172. (b) See also: Hiemstra, H.; Speckamp, W. N.
Tetrahedron1985 41, 43674416 and references therein.

(12) Nagasaka, T.; Tamano, H.; HamaguchiHeterocyclesl986 24,
1231-1232.

(13) Ahman, J.; Somfai, Pletrahedron1992 48, 9537-9544.

(14) Zoller, U.; Ben-Ishai, D.Tetrahedron1975 31, 863-866. An
optimized procedure was used according to: Van Benthem, R. A. T. M;
Hiemstra, H.; Speckamp, W. N. Org. Chem1992 57, 6083-6085.

(15) Campos, L.; Marlier, M.; Dardenne, G.; CasimirPhytochemistry
1983 22, 2507-2508.
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tems with a terminal alkene in thd-substituent was first
investigated.

The trienesllc,d and 15b were subjected to Grubbs’
catalyst22, resulting in the formation of the six-membered
ring products24 and 27 in moderate to high yields. For
successful closure of the compouridsl,ethe 2nd generation
Grubbs’ catalystZ3) was required, giving the seven- and
eight-membered ring producs and 26, respectively, in
high yields (Scheme 3, entries 3 and 4). As could be expected

Scheme 3
Cld Cys Mes— N N-Mes
Ru=— Cl\\(
Cl’} Ru
PCy3 Ph AN
Cl"pcy, Ph
22 23

22 (10 mol%)

n ~ PhMe, 50 °C
0Ny or N
Nm 23 (10mol%) 5 m
| PhMe, 70 °C
11¢ n=m=1 24 n=m=1
11d n=1, m=2 25 n=1, m=2
11e n=1, m=3 26 n=1, m=3
15b n=2, m=1 27 n=2, m=1
entry  precursor catalyst yield (%)*
1 11c 22 85
2 11d 22 <18
3 11d 23 86
4 11e 23 45
5 15b 22 62

a|solated yields after column chromatography.

from a literature precedetitpnly the least substituted double
bond of the 1,3-diene system reacted to produce compounds
24—27, which possess an exocyclic methylene.

The usefulness of the 1,3-dienylamides for further chem-
istry was also apparent from their reactivity in the Diels
Alder reaction. We selected produtib as an example
substrate and performed intermolecular Diefdder reac-
tions of this diene with maleic anhydride28 and N-
methylmaleimide 29). As expected, these reactions pro-
ceeded smoothly at 120C in xylene to furnish the
cycloaddition products30 and 31 as a 1:1 mixture of
diastereomers (Scheme 4).

We then turned our attention to the more interesting
intramolecular variant, which would be a type 2 Die/sider

(16) For recent reviews, see: (a) Trnka, T. M.; Grubbs, RA¢t. Chem.
Res.2001, 34, 18-29. (b) Fustner, A.Angew. Chem., Int. E®200Q 39,
3012-3043. (c) Fustner, A.; Ackermann, L.; Gabor, B.; Goddard, R.;
Lehmann, C. W.; Mynott, R.; Stelzer, F.; Thiel, O. &em. Eur. J2001,

7, 3236-3253.

(17) Tarling, C. A.; Holmes, A. B.; Markwell, R. E.; Pearson, N.D.
Chem. Soc., Perkin Trans.1999 1695-1701.

(18) Kirkland, T. A.; Grubbs, R. HJ. Org. Chem.1997 62, 7310-
7318.
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Scheme 4 Scheme 5

o 441 23 (2 mol%) J\j\
28 X=0 0 OEt _ PhMe, 70°C_ o OEt
| X N —_— N

2 X=N.Me =\ 32a n=0, 83%
~ b (5equiv) /A/jm n COMe ' 320 n=1, 86%
0=y > 07N H (10 equiv) 32¢ n=2, 96%
) p-xylene ) (o} | |
Ph 120 °C, 25-35 min Ph H X 6d-f CO,Me
0
11b 30 X=0, 73% 3a %3 TS equiv)
31 X=NMe, 97% —
BF3-OEt; (2 equiv)
CH3CN
process leading to bridged systetfis:or the synthesis of
the appropriate DielsAlder precursors, theN,O-acetals H CO,Me  Xlene,
6d—f were subjected to a cross-metathesis reaction with 200 Y 33 0, 73%
. . n a n= (J
mgthyl acrylate '(10 equiv) in the presence of.catag&tl'n N 33bn=1, 77%
this way the activated alken82a—c were obtained in high 4 n 33c n=2, 73%
yields. Subjection 082a—c to the standardN-acyliminium CO-Me
: o . . 34an=0, 55% 2
ion conditions provided the Diels Alder precurs@3a—c 34b n=1. 77%

in good yield. Heating of these compounds in xylene in a  34cn=2,0%
sealed tube at 20%C induced the cycloaddition reaction to
give the bridged systen&taand34b as single diastereomers
(Scheme 5). The assignment of the stereochemistry issubsequent ring-closing metathesis and Didélkler reac-

suggested by a computational comparf8ovith the alterna-  tions, but conceivably for several other useful synthetic
tive diastereomer, which appeared higher in energy (4.5 kcal/processes.

mol for 34aand 12.9 kcal/mol foB4b). PrecursoB3cfailed

to give cycloaddition. Acknowledgment. This research has been financially
In conclusion, we have shown that the use of allenyl- gypported by the Council for Chemical Sciences of the

methylsilane §a) as nucleophile inN-acyliminium ion Netherlands Organization for Scientific Research (CW-
reactions leads to amides containing the 1,3-diene moiety NWO).

in moderate to high yields. Substituted allenylmethylsilanes
(3b—d) react equally well and are able to transfer axial
chirality, although the levels of asymmetric induction are
poor. The products are versatile substrates, not only for

Supporting Information Available: General procedures
for the N-acyliminium ion, metathesis, and Dielé&lder
reactions and full characterization data for compousets
d, 11—-21, 24—27, and30—34. This material is available free

(19) For a recent review, see: Bear, B. R.; Sparks, S. M.; Shea, K. J.

Angew. Chem., Int. EQ001, 40, 820-849. of charge via the Internet at http://pubs.acs.org.
(20) Spartan was used for the computation, employing the Single Point
Energy, Molecular Mechanics, MMFF method. 0OL026615D

3500 Org. Lett., Vol. 4, No. 20, 2002



