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Summary: 1,4-Addition of RLi, RvgX, and (RS),CHLi reagents to unsaturated amides Za-g
followed by s—alkylation is shown to constitute a general and efficient synthetic procedure
for the formation of two C—C bonds in a single step.

A synthetically valuable modern perspective of the Michael reaction] accrues from
cuprate 1,4—add1’t1’on2 to unsaturated carbonyl systems in tandem with c-alkylation gll which
results in the highly stereoselective formation of two new C-C bonds in a single operation.3
With strong (RL1,RMgX) and weak [(RS)ZCHLi] nucleophiles, this methodology loses distinction
owing to competitive 1,4~ and ],Z—addition.4 Recent reports concerning the attainment of

enhanced or exclusive 1,4-regiochemistry through HMPT solvent effects,5 and charge-directed

Ql:X = 6(PPh3)C02R)6 and tetracarbonyliron comp]ex7 control protocols open further doors for

synthetic application.
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The conjugate addition reaction of unsaturated amides has received sporadic attentiong’9

which may explain its stunted evolution as a synthetic method.10 Recently the general par-

ticipation of unsaturated tertiary thicamides in the process 1, Nu~ = RMgX,RLi has been

reported.1] In this Letter, we demonstrate thstunsaturated amides themselves are discrete

and effective substrates for the tandem conjugate addition-g-alkylation reaction.]z’]3

In
the accompanying Letter,M we describe the application of this concept to the synthesis of
T-aryltetralin lignans.

Representative results of ocur studies on tertiary (22;2) and secondary Qgs) amides are

13d

given in the TABLE. That tertiary crotonamides, unlike analogous seneciocamides, cannot be

similarly deprotonated was indicated by early experiments on EE involving treatment with LDA]5
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or t-Buli followed by alkylation (entries 1,2}. To generalize, we found that alkyl and aryl

Hthium r nt addition to tertiary crutonamides 2a and 2b and the
" A
resulting amide enolates are quenched with alkyl and aliylic halides, C1C02Et, aromatic aide-
hydes, and (PhS)2 to give a3 -dialkylated productsﬂi.in good yield (entries 3,4,6-10). The
enolate may act as a Michael donor to another molecule of crotonamide to give a glutaramide

derivative (entry]]).]6

1,4-Regioselective reaction with Grignard reagents proceeds at higher
temperature and, as effectively, in the presence of HMPT (entries 5,12). The latter
condition is obligatory for the successful reaction of 2b with 1ithium enolates {entries 12,14).

Potentially useful functionalized compounds are obtained by introduction of the 1,3-dithiane
14
6

~——

Secondary crotonamide éﬁi undergoes smooth conjugate addition of alkyllithium reagents (2

equiv.) to give, after in situ electrophilic trapping, saturated products (entries 17-19).1 718

11

Methodology developed here and elsewhere' ' attests to the broadly parallel behavior of

tertiary 8 -monoalkylated unsaturated amides and thioamides in the fundamental process‘lé also

to the considerable scope of this reaction. Since thioamides are derived from amides, the

advantage of using one functionality over the other may be largely determined by the nature of

subsequent modifications. Failure of both substrates to react with cuprates and malonate
11,19

Furthermore, secondary

12,19

anions constitutes synthetic limitations.

Michael acceptors only for hard RLi nucleophiles. The recent carbanionic chemistry of

1a 20
unsaturated amides'” is providing a platform upon which new synthetic strategy may be forged.<”

Typical Experimental Procedure )

To a solution of 1,3-dithiane (6 mmol) in anhydrous THF (20 mL} at -70°C under nitrogen
was added n-BulLi (6 mmol) and after 30 min, HMPT (9 mmol). The reaction was stirred for 20
min and then compound 2b (6 mmol) in THF (5 mL) was added. The mixture was allowed to warm to
ambient temperature OVET a 2.5 h period, coolied {-70°C), quenched with methyl jodide {9 mmoi},
and allowed to stir overnight. Extraction (CH,C1,) followed by standard work up and chromato-

graphy (Si0,, hexane-Et0Ac) gave product (entry IS)
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TABLE  Synthesis of w.3-Disubstituted Amides ;i from Crotonamides 2
, - + Product?
Entry  Amide Ny E Nu E Yie]db %
1 2a LDA Mel 3a, N(i-Pr) Me 71
~~ et AT
2 2a t-Buli n-PrBr 3a, t-Bu n-Pr 85
3 ZE, n-Bul1i K/\Br 33, n-Bu M 75
-C
4 2a Me-@— Li W 3a, Me—@é H 55
~ A
5 2a A gt Mel 3a, \~<¢¢71r Me 65
6 2 n-BuLi X \Br 3b, n-Bu Sy 30
7 2b s-Buli Mel 3b, s-Bu Me 61
P~ e o
8 2b n-BuL i OHC\\[:::I: OMe 3b, n-Bu (HOJHC OMe 86
Y. d ha o~ —
OMe OMe
g 2b n-BuL i CICO,Et 3b, n-Bu COnEL 87
LY. - A
10 2b n-BulLi (PhS), 3b, n-Bu PhS 65
1 2b n-BulLi - CONMe, 36, n-Bu ,,l\v,~C0NMeg 85
12 2b PhMgBr® Ko 3b, Ph H 50
13 2b PhC(0L1)=CH2e H 3b, PhCOCH, H 72
14 26 [:::r/OLie W 3, [:::If%o H 60
15 2b <::5 o Mel 3b, /S Me 75
. =
b 8
16 2b S OHC oM 3b, S, {HOMC Me 80
& O O
S OMe 5 OMe
17 2¢ n~Bul i Ht 3¢, n-Bu H 97
o Ay —
18 2c n-Buli Mel 3¢, n-Bu Me 70
o - AAS
19 2 n-Bul 1 3¢, n-Bu A _conrve  *8

811 products show analytical and spectral (IR,NMR,MS) data consistent with ?he qssigned
Products with two chiral centers were obtained as diasteriomeric mixtures.

structures.
bUnoptimized yields,

®added HMPT (1-1.5 equiv.). 1:Based on 2¢.

Cprepared by metal-halogen exchange at -100°C.

dndded at -20°C.
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