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that of the lowest polysulfide (3, m = 3.5). The latter had its
strongest band centered at ~1000 cm™ in common with the di-
and trisulfide (3, m = 2, 3);'" this band became inconspicuous when
m exceeded 3. Hence 3 (m = 3.5) evidently contained considerable
trisulfide. Astonishingly, all of the polysulfide spectra showed
strong bands at 1230-1120 and 1080-1025 cm™ characteristic of
sulfonate salts.” The extreme improbability that significant ox-
idation had occurred of SO,Na to SO3Na, however, followed from
several facts: (a) presence of such bands in the analytically pure
trisulfide 3 (m = 3) but not in the disulfide;™® (b) the improbability
of equivalent oxidation that would produce congruent polysulfide
(disulfinate) spectra; (c) the lack of exposure to O, or oxidants
(Ar-purged solvents, Ar atmosphere), together with the short time
from the beginning of reaction to the final product (<6 h); (d)
resistance to oxidation of aqueous solutions of the disulfinate 3
(m = 3) under ambient conditions in excess of 1 week (Table I);
(e) the facile loss of sulfur (cf. Scheme II), which contrasts with
the stability of a sulfonate disulfide (AcNH(CH,),SS(CH,),SO;Na;
trace of disproportionation to symmetrical disulfides in 96 h at
61 °C) but accords with that of a sulfinate disulfide (AcNH-
(CH,),S8(CH;),S0,Na; ~50% disproportionation in 0.5 h at 61
°C).i Nevertheless, for certainty, the identity of 3 (m = 4.9) as
a sulfinate was confirmed in two ways. (a) An aqueous solution
of 3 (m = 4.9) was treated with 6 equiv of 30% aqueous H,O, and
a trace of HCl, allowed to stand for 1 h, neutralized, and
freeze—dried. Absence of the strong band at 1070 em™ in this
resulting solid showed oxidation of SO,Na to SO3Na and con-
firmed assignment of the band at 1070 cm™ to SO,Na; loss of the

band at 1020 cm™! appeared to occur but was less clear. Strong
bands appeared in the product at 1230-1120 and 1090 cm™?, as
expected for SO3Na.® (b) Reflux of 3 (m = 4.9) with 2 equiv of
2,4-dinitrochlorobenzene for 3 h in EtOH led to a yellow pre-
cipitate having the strong bands characteristic of a nitrosulfone
[1530-1500 (NO,), 1360-1320 (3 bands; NO,, SO,), 1140 cm™
(SO,)1.12 Absence again of the 1070-cm™ band of 3 (m = 4.9),
through conversion of SO;Na to SO,Ar(NQ,),, confirmed the
assignment to SO,Na; the 1180-cm™! band also had disappeared
and perhaps also that at 1020 cm™. Hence the IR bands for
polythiobis(butanesulfinates) include that at 1070 ¢cm™ and
perhaps 1180 and/or 1020 cm™..
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The reactions of lithiated and dilithiated unsaturated amides 4, 5, 12, 15, 18, 34, and 36 with a variety of
electrophiles have been shown to produce deconjugated, a-alkylated products 6, 7, 13, 16, 19, 35, and 37, respectively,
in good to excellent yields (Tables I, II, IV, and VI). Whereas lithiated 4 and dilithiated 5 do not undergo
~y-alkylation, the corresponding species of 12 and 15, when converted to their cuprates by using cuprous iodide,
afford v products 4 and 17 with good regio- (67-90%) and Z stereoselectivity (67-80%) for E = allyl, prenyl,
and geranyl. Differences between the reactions of cuprated, unsaturated amides and unsaturated carbozxylic
acids with nonallylic alkylating agents are discussed. The reaction of dicuprated N-methylsenecioamide (15)
with prenyl bromide leads to a complex mixture of products which have been separated and characterized (Scheme
III). The reaction of lithiated N,N-dimethylsenecioamide (18) with aromatic and pyridine aldehydes and some
ketones has been shown to provide « (19) or v (20) products, depending on the conditions of the reaction (Table
VI). In this reaction, the reversible formation of the o product 19 and its conversion into the v product 20 have
been demonstrated (Scheme IV). The utility of the a- and v-alkylated unsaturated amide products is illustrated
by the syntheses of the monoterpenoid lavandulol (42) and the amide alkaloid piperlonguminine (43), respectively.

Carbon—carbon bond formation by alkylation of
charge-stabilized carbanions of the type 1 (d? reagents)?
is a fundamental organic reaction whose synthetic utility
has been revolutionized in recent years by the availability
of strong bases and chelating or basifying solvents*® which
allow great latitude in the conditions under which species

(1) A preliminary account of part of this work has been published:
QOakleaf, J. A.; Thomas, M. T.; Wu, A.; Snieckus, V. Tetrahedron Lett.
1978, 1645.

(2) Results reported in this paper are based in part upon the work of:
Oakleaf, J. A, M.Sc., University of Waterloo, 1977.

(3) Seebach, D. Angew. Chem., Int. Ed. Engl. 1979, 18, 239.

(4) Stowell, J. C. “Carbanions in Organic Synthesis”; Wiley: New
York, 1979; pp 10-18.

(5) Langer, A. W., Ed. Adv. Chem. Ser. 1974, No. 130. Schollkopf, U.
In “Methoden der Organischen Chemie (Houben-Weyl)”; Georg Thieme
Verlag: Stuttgart, 1979; p 3.

1 may be derived.! Dimetalated carboxylic acids, already

>;>< X

1 2

X = CHO, COR, CH=NR, CH=NNR,, CN, CO,R, CO,",
CONR,, CON"R

X

recognized by Grignard in 1904 and extensively investi-
gated by Ivanov,” have had a considerable impact in syn-
thetic practice.® Metalated carboxamides, on the other
hand, although first described by Hauser® as part of his

(6) Kaiser, E. M,; Petty, J. D.; Knutson, P. L. A. Synthesis 1977, 509.
(7) Ivanov, D.; Vassilev, G.; Panayotov, . Synthesis 1975, 83.

(8) Creger, P. L. Annu. Rep. Med. Chem. 1977, 12, 278.

(9) Meyer, R. B.; Hauser, C. R. J. Org. Chem. 1961, 26, 3696.
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pioneering work in multianion chemistry,'” have only re-
cently seen substantial methodological development.51112
The vinylogous carbanions 2 have similarly attracted
considerable attention.’313-22 In particular, effort has

(10) Hauser, C. R.; Swamer, F. W.; Adams, J. T. Org. React. 1954, 8,
59, Harris, T. M.; Harris, C. M. Ibid. 1969, 17, 155.

(11) See, inter alia, for tertiary amide and lactam anions reactions with
RX, epoxides: Hullott, P.; Cuvigny, T.; Larcheveque, M.; Normant, H.
Can. J. Chem. 1977, 55, 266; Deslongchamps, P.; Cheriyan, U. O.; Pat-
terson, D. R. Ibid. 1975, 53, 1682; Kihlein, K.; Linkies, A.; Reuschlag, D.
Tetrahedron Lett. 1976, 4463. With RCHO, RCOR: Hullot, P.; Cuvigny,
T.; Larcheveque, M.; Normant, H. Can. J. Chem. 1977, 55, 266; Thomas,
T. L.; Davidson, T. A.; Griffith, R. C.; Scott, F. L. Tetrahedron Lett. 1976,
1465. With RSSR: Zoretic, P. A.; Soja, P.; Sinha, N. D. J. Org. Chem.
1978, 43, 1379; Takano, S.; Hatakeyama, S.; Ogasawara, K. J. Am. Chem.
Soc. 1976, 98, 3022, With PhSeCl: Levy, J.; Laronze, J.-Y.; Laronze, J.;
Le Men, J. Tetrahedron Lett. 1978, 1579; Zoretic, P. A.; Jardin, J.; Soja,
P.; Sinha, N. D. Synth. Commun. 1978, 8, 151; Hubbard, J. S.; Harris,
T. M. Tetrahedron Lett. 1978, 4601 (8-keto amide dianions). With
Me;SiCl and utility of silylated derivatives: Woodbury, R. P.; Rathke,
M. W. J. Org. Chem. 1978, 43, 1947; Woodbury, R. P.; Rathke, M. W.
Ibid. 1978, 43, 881; Woodbury, R. P.; Rathke, M. W. Tetrahedron Lett.
1978, 709; Hart, D. J.; Cain, P. A.; Evans, D, A. J. Am. Chem. Soc. 1978,
100, 1548. With Oy Haruna, M.; Ito, K. J. Chem. Soc., Chem. Commun.
1976, 345. Intramolecular cyclizations: Cuvigny, T.; Hullot, P.; Mulot,
P.; Larcheveque, M.; Normant, H. Can. J. Chem. 1979, 57, 1201. Rear-
rangement: Ojima, L; Inaba, S.; Yoshida, K. Tetrahedron Lett. 1977,
3643. For secondary amide and lactam dianion reactions with RX:
Deprés, J.-P.; Greene, A. E.; Crabbé, P. Tetrahedron Lett. 1978, 2191.
With RCOR: Hauser, C. R.; Adams, T. C. J. Org. Chem. 1977, 42, 3029.
Intramolecular alkylation: Wasserman, H. H.; Hlasta, D. J.; Tremper,
A. W.; Wu, J. S. Tetrahedron Lett. 1979, 549,

(12) For use of amides in reactivity umpolung as d' reagents, see
discussion by: Seebach;® Beak, P. Chem. Rev. 1978, 78, 275; Fletcher, A.
S.; Smith, K.; Swaminathan, K. J. Chem. Soc., Perkin Trans. 1 1977,
1881; Schlecker, R.; Seebach, D.; Lubosch, W. Helv. Chim. Acta 1978, 61,
512.

(13) Unsaturated aldehydes and ketones: Groenewegen, P.; Kallen-
berg, H.; van der Gen, A. Tetrahedron Lett. 1977, 491; Lam, C. N.; Mellor,
J. M.; Picard, P.; Rawlins, M. F.; Stibbard, J. H. A. Ibid. 1978, 4103.

(14) Unsaturated aldehydes and ketones containing heteroatoms.
Nitrogen: Gamill, R. B.; Bryson, T. A. Synthesis 1976, 401. Sulfur:
Lansbury, P. J.; Erwin, R. W,; Jeffrey, D. A. J. Am. Chem. Soc. 1980, 102,
1602; Marino, J. P.; Kostusyk, J. L. Tetrahedron Lett. 1979, 2489.

(15) Unsaturated imines: Takabe, K.; Fujiwara, H.; Katagiri, T.; Ta-
naka, J. Tetrahedron Lett. 1975, 4375; Kiecaykowski, G. R.; Schlessinger,
R. H.; Sulsky, R. B. Ibid. 1976, 597; Ahlbrecht, H.; Liesching, D. Syn-
thesis 1976, 746; Wendler, P. A.; Eissenstat, M. A. J. Am. Chem. Soc.
1978, 100, 292.

(16) Unsaturated hydrazones: Corey, E. J.; Enders, D. Chem. Ber.
1978, 111, 1362 and references therein.

(17) Unsaturated nitriles: Fleury, J.-P.; Bader, A. Bull. Soc. Chim. Fr.
1965, 951; Kieczykowski, G. R.; Schlessinger, R. H.; Sulsky, R. B. Tet-
rahedron Lett. 1975, 4647; Marshall, J. A,; Hagan, C. P,; Flynn, G. A. J.
Org. Chem. 1975, 40, 1162; Cargill, R. L.; Bushey, D. F.; Goed, J. J. Ibid.
1979, 44, 300.

(18) Unsaturated esters: {(a) Hermann, J. L.; Kieczykowski, G. R.;
Schlessinger, R. H. Tetrahedron Lett. 1973, 2433; (b) Katzenellenbogen,
J. A.; Crumrine, A. L. J. Am. Chem. Soc. 1974, 96, 5662; (c) Kajikawa,
A.; Morisaki, M.; Ikekawa, N. Tetrahedron Lett. 1975, 4135; (d) An-
ghelova, Y. Synthesis 1974, 343; (e) Millard, A. A,; Rathke, M. W. J. Am.
Chem. Soc. 1977, 99, 4833; (f) Boeckman, R. K., Jr.; Ramaiah, M.;
Medwid, J. B. Tetrahedron Lett. 1977, 4485; (g) Dugger, R. W.; Heath-
cock, C. H. J. Org. Chem. 1980, 45, 1181.

(19) Unsaturated esters with heteroatoms. Nitrogen: Gerrans, G. C,;
Howard, A. S.; Orlek, B. S. Tetrahedron Lett. 1975, 4171, Sulfur: Julia,
M.; Arnould, D. Bull. Soc. Chim. Fr. 1973, 743, 746; Kende, A. S.; Con-
stantinides, D.; Lee, S. J.; Liebeskind, L. Tetrahedron Lett. 1975, 405;
Cardillo, G.; Contento, M.; Panuzio, M.; Umani-Ronchi, A. Chem. Ind.
(London) 1978, 877. Ozxygen: Anghelova, Y.; Ivanov, C.; Metsov, S.
Chem. Ber. 1977, 110, 1594. Phosphorus: Corey, E. J.; Erickson, B. W.
J. Org. Chem. 1974, 39, 821. Silicon: Itoh, K.; Fukui, M.; Kurachi, Y.
J. Chem. Soc., Chem. Commun. 1977, 500.

(20) Unsaturated lactones: Kraus, G. A.; Roth, B. Tetrahedron Lett.
1977, 3129; Pelter, A.; Ayoub, M. T.; Schultz, J.; Hansel, R.; Reinhardt,
D. Ibid. 1979, 1627; Fell, S. C. M.; Heaps, J.; Holker, J. 8. E. J. Chem.
Soc., Chem. Commun. 1979, 81; Knight, D. W,; Pattenden, G. J. Chem.
Soc., Perkin Trans. 1 1979, 70; Smith, A. B., III; Jervis, P. J. Tetrahedron
Lett. 1980, 711.

(21) Unsaturated carboxylic acids: (a) Henrick, C. A,; Dilly, W. E;
McKean, D. R.; Baggiolini, E.; Siddall, J. B. J. Org. Chem. 1975, 40, 8;
(b) Katzenellenbogen, J. A.; Crumrine, A. L. J. Am. Chem. Soc. 1976, 98,
4925; (c) Pitzele, B. S.; Baran, J. S.; Steinman, D. H. Tetrahedron 1976,
32, 1347; (d) Cardillo, G.; Orena, M.; Sandri, S. Ibid. 1976, 32, 107; (e)
Carlson, R. M,; Oyler, A. R. J. Org. Chem. 1978, 41, 4065; (f) Casinos,
L; Mestres, R. J. Chem. Soc., Perkin Trans. 1 1978, 1651 and references
therein.
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focussed on devising regimens for regioselective v-alkyla-
tions? of 2 with the intent of using them for the elabo-
ration of terpenoid natural products.2ib-d£23dg

While engaged in the synthesis of indole alkaloids, we
discovered and found propitious use for a regioselective
v-alkylation reaction of the dimetalated heterocyclic un-
saturated amide 3.# This discovery and literature evi-

dence for limited work on usaturated amide anions?*2®

(22) Acetylenic acids: Carlson, R. M.; Oyler, A. R.; Peterson, J. R. J.
Org. Chem. 1975, 40, 1610; Meyer, H. H. Justus Liebigs Ann. Chem. 1978,
337; Shen, C. C.; Ainsworth, C. Tetrahedron Lett. 1979, 83.

(23) For alternate, indirect methods of y-alkylation of unsaturated
carbonyl systems, see: (a) Brown, H. C.; Nambu, H. J. Am. Chem. Soc.
1970, 92, 1761; (b) Stork, G.; Kraus, G. A, Ibid. 1976, 98 2351; (c)
Wenkert, E.; Goodwin, T. E.; Ranu, B. C. J. Org. Chem. 1977, 42, 2137
and references therein; (d) Jackson, W. R.; Strauss, J. U. Aust. J. Chem.
1977, 30, 553; (e) Cazes, B.; Julia, S. Tetrahedron Lett. 1978, 4065; (f)
Fleming, 1.; Goldhill, J.; Paterson, 1. Ibid. 1979, 3205; (g) Sum, F.-W;
Weiler, L. Can. J. Chem. 1979, 57, 1431.

(24) Wu, A.; Snieckus, V. Tetrahedron Lett. 1975, 2057.

(25) (a) Bannwarth, W.; Eidenschink, R.; Kauffmann, T. Angew.
Chem., Int. Ed. Engl. 1974, 13, 468. (b) Wolfe, J. F.; Trimitsis, G. B.;
Morris, D. R. J. Org. Chem. 1969, 34, 3263.

(26) For the use of g-lithiated S-amino unsaturated amides as d3
reagents, see: (a) Baker, W, R.; Coates, R. M. J. Org. Chem. 1979, 44,
1022; (b) Schmidt, R. R.; Talbiersky, J.; Russegger, P. Tetrahedron Lett.
1979, 4273 and references therein.

(27) 1,4-Addition to unsaturated thicamides followed by alkylation of
the resulting « anion has been demonstrated: Tamura, Y.; Harada, T;
Yoshida, Z.-1. J. Am. Chem. Soc. 1979, 101, 1316 and references therein.
However, a de novo generation of a metalated unsaturated thioamide has
not been reported.
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motivated our examination of the reaction between lith-
iated and cuprated secondary and tertiary unsaturated
amides with a series of electrophiles.! Herein we present
the details and extensions of these studies and compare
the utility of metalated unsaturated amides with the
corresponding carboxylic acids?'?® in regio- and stereose-
lective v-alkylation reactions. In addition, we describe the
application of these intermediates to the synthesis of sim-
ple monoterpenoids and amide alkaloids.

Alkylation of Metalated Cyclohexylidene Acet-
amides (Scheme I). Our initial study was concerned with
the extension of the result observed with dianion 8* to
systems 4 and 5 which lack heterocyclic nitrogen (Scheme
I). The results of alkylation of mono- and dilithiated
species derived by treatment of 4 and 5 with LDA or n-
BuLi in THF at room temperature are summarized in
Table I. In contrast to the heterocyclic system 3,%° com-
pounds 4 and 5 undergo deconjugative a-alkylation to give
products 6 and 7 in moderate to excellent yields. The
reaction of lithiated 4 with electrophiles has broader scope
than that of dilithiated 5 which fails with isopropyl iodide,
crotyl bromide, and 1,3-dichlorobut-2-ene, possibly owing
to hydrogen halide elimination. Sharply contrasting with
the results observed for the senecioamides 12 and 15 (see
below), attempts to promote v-alkylation by treatment of
the initial mono- and dilithiated species of 4 and 5 with
Cul were unsuccessful. For example, the reaction of
cuprated 4 with methyl iodide and allyl bromide gave only
o products 6a (38%) and 6¢ (47%), respectively, in ad-
dition to recovered starting material (25-40%). All
products 6 and 7 showed spectral properties consistent
with the a-alkylation structural formulation. In several
cases (7a—d), chemical verification was carried out by hy-
drogenation to the corresponding saturated amides 9a—d
which were prepared by alkylation of the common cyclo-
hexyl acetamide 8 (Experimental Section).

The reaction of lithiated 4 and dilithiated 5 with benz-
aldehyde was briefly studied as a function of time and
temperature. Generation of lithiated dimethyl amide 4
in THF at 0-20 °C followed by cooling to -78 °C, treat-
ment with benzaldehyde for 10 s, and quenching at —78
°C resulted in the formation of a mixture of amide alcohols
6g with essentially complete erythro stereoselectivity
(erythro/threo ratio of 98:<2). However, when lithiated
4, generated in the same way, was treated with benz-
aldehyde at 20 °C for 4-8 h, the resulting diasteriomeric
mixture of 6g was rich in the threo isomer (erythro/threo
ratio of 1:5). The threo and erythro assignments are based
on the differences of 'H NMR coupling constants of the
diastereomeric hydrogens®® (see Experimental Section).

(28) Recent reports (Beak, P.; Kempf, D. J. J. Am. Chem. Soc. 1980,
102, 4550; Fitt, J. J.; Gschwend, H. W. J. Org. Chem. 1980, 45, 4257) show
that secondary unsaturated amides with available §'- and vy-hydrogens
(i) undergo preferential second metalation at the 8’ site to yield syn-
thetically useful species (ii). Our study does not encompass compounds
bearing §’-hydrogens and therefore complements the above work.

CONHMe CONLiMe
R - N R
! /"\,' ot
Ry - & -’

(29) (a) Mpango, G. B.; Snieckus, V. Tetrahedron Lett. 1980, 4827, (b)
Mpango, G. B.; Mahalanabis, K.; Mahdavi-Damghani, Z.; Snieckus, V.
Ibid. 1980, 4823.

(30) The implication that the heterocyclic nitrogen in 3 is essential for
y-alkylation is under study.

(31) (a) Review: Bartlett, P. A. Tetrahedron 1980, 36, 2. (b) Definitive
papers: House, H. O.; Crumrine, D. S.; Teranishi, A. Y.; Olmstead, H.
D. J. Am. Chem. Soc. 1973, 95, 3310; (c) Heathcock, C. H.; Buse, C. T.;
Kleschick, W. A.; Pirrung, M. C,; Sohn, J. E.; Lampe, J. J. Org. Chem.
1980, 45, 1066.
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e d
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The identical sets of conditions used for 4 when applied
to the reaction of dilithiated o-toluidide 5 with benz-
aldehyde gave amide alcohol 7e as a 1:1 erythro/threo
mixture (10% yield) and as exclusively the threo isomer
(26% yield), respectively. In both cases the material
balance consisted of recovered starting amide 5. These
observations are consistent with the general trends of
stereoselectivity observed in aldol condensations using
kinetic vs. thermodynamic control considerations.’
However, the inability to generate the amide dienolates
of 4 and 5 under conditions which approximate kinetic
control®® and the lack of knowledge concerning their Z/E
isomer ratio preclude any interpretation of these results.’
Further studies are planned.

In addition to the diasteriomeric amide alcohols eryth-
ro-7e and threo-7e, a minor product (<5%) was detected
in the condensations of dilithiated 5 with benzaldehyde
under several experimental conditions. This product was
obtained in isolable amounts from reactions carried out
for 4-8 h and was identified as the keto amide 10. Fur-

0 0
| oh ) 0& it

Ph NC H,-0-Me
pea= (-H\ NCgHy-0-Me

X Ph H
hiE
)

~ 11

thermore, compound 10 (38%) and benzyl alcohol (~38%)
were the sole reaction products when 2 equiv of benz-
aldehyde was used, the product balance consisting of
starting material. This result may be mechanistically
described by structure 11 for which precedent is available.
In contrast, treatment of lithiated dimethyl amide 4 under
the same conditions (2 equiv of PhCHO) produced only
the erythro-6e/threo-6e product mixture; a keto amide
corresponding to 10 was not detected, suggesting that the
neighboring amide anion may be a driving force for the
hydride transfer shown in 11.

Alkylation of Metalated Senecioamides (Scheme
IT). Compared to the sometime sluggish reactions of 4
and 5, the mono- and dilithiated dienolates of the sene-
cioamides 12 and 15 undergo rapid and efficient alkylation
to give mainly the o products 13 and 16, respectively
(Scheme 11, Table II). The lithiated N,N-diisopropyl
amide 12, in particular, is a-alkylated within minutes at
room temperature, a result which is perhaps a manifes-
tation of the release by deconjugation of the steric con-

(32) Swain, C. G.; Powell, A. L.; Lynch, T. L.; Alpha, S. R.; Dunlop,
R. P. J. Am. Chem. Soc. 1979, 101, 3584.
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Scheme II
0 0 0
‘ 1. Base
£ 1,2
| WwIRE 2. € NR'R \R1R
> +
=
E

12 RV = R% = j-pr 13 R = R = i-pr 14 Rl = RZ = i-Pr

~ 5 -~ 2 1 2

15 R = H, R% = Me 16 R'=H, R =Me 17 R = H, R =M

~ ~ 2

18 R = R = Me 19 R = RZ = Me ggR’=R=Me

Table II. Regio- and Stereoselectivity in Alkylation of Senecioamides 12 and 15
products®
regioselectivity,? v stereoselectivity,®
entry  substrate  metal E@ yield, %° afy Z/E

1 12 Li Me 98 98/2(13/14)
2 Cu Me 95 98/2(13/14)
3 12 Li i-Pr 87 86/14 (13/14) 91/9 (14)
4 Cu i-Pr 87 86/14 (13/14) 91/9 (14)
5 12 Li CH,=CHCH, 85 86/14 (13/14) 92/8 (14)
6 Cu CH,=CHCH, 85 67/33 (13/14) 80/20 (14)
7 12 Li Me,C=CHCH, 90 96/4 (13/14)
8 Cu Me,C=CHCH, 85 33/67 (13/14) 67/337 (14)
9 12 Li PhCH, 83 98/2(13/14)
10 Cu PhCH, 83 98/2(13/14)
11 15 Li Me 98 98/2 (16/17)
12 Cu Me 80 59/41 (16/17) 91/9 (17)
13 15 Li i-Pr 93 80/20 (16/17) 60/40 (17)
14 Cu i-Pr 72 60/40 (16/17) 62/38 (17)
15 15 Li CH,=CHCH, 90 98/2(16/17)
16 Cu CH,=CHCH, 90 30/70 (16/17) 60/40 (17)
17 15 Li Me,C=CHCH, 96 98/2 (16/17)
18 Cu Me,C=CHCH, 95 17/83%2 (16/17) 75/25% (17)
19 15 Li /w\\/wz 88 94/6 (16/17)
20 Cu MCHZ 80 10/90 (16/17) 80/20 (17)
21 15 Li PhCH, 90 98/2(16/17)
22 Cu PhCH, 80 75/25(16/17) 80/20 (17)

@ See footnote ¢ in Table I. In entries 19 and 20, the electrophile used was geranyl bromide. ? Isolated yield (percent)

after primary cleanup by column chromatography (silica gel) or distillation,

¢ Except where noted, o/7 isomer separation

was effected by distillation or silica gel chromatography, and Z/E isomer separation was carried out by chromatography.
The results given represent averages of three to five experiments in all cases. ¢ Determined by GLC and NMR; 2% v

products refer to the lower limit of detection by GLC.
ical shift studies).

¢ Determined by GLC and NMR (including benzene-induced chem-
Absence of entry indicates an insufficient quantity of v product for determination of the Z/E ratio. For

entries 18, 20, and 22, pure v-Z isomers were obtained by column chromatography; purification of the v-E isomer from the
remaining fraction was not attempted. ’ Contains ~5% of transposed (Sy2') product, 2(Z)-CH,=CHC(Me,)CH,C(Me)=
CHCON(i-Pr),, as estimated by GLC and NMR (integration of singlet at 6 1.08 representing the allyl methyl groups).

g Ratio based on product distribution shown in Scheme III.

straints imposed by the diisopropyl groups. A further
difference between the reactions of mono- and dilithiated
4,5 and 12,15 is the formation in some cases (Table II,
entries 3, 5, and 13) of significant amounts of v products
14 and 17 with the latter set of substrates. Separation of
a (13, 16) and v (14, 17) products was achieved by dis-
tillation and/or column chromatography, and an assign-
ment of structure was readily made by NMR spectroscopy
(Table IIT). The v-Z and ~-E isomers of 14 and 17 were
separated, whenever possible, by column chromatography.
The assignment of stereochemistry for these geometrical
isomers, either pure or in an unseparable mixture, is based
on benzene-induced chemical shift studies which is an
established method for distinguishing geometrical isomers
of a,8-unsaturated ketones.’® A typical analysis is given

in the Experimental Section.

Significant enhancement in v regioselectivity was ob-
served in the reactions of mono- and dicuprated dienolates
of amides 12 and 15 (Table IT) which were generated from
the corresponding lithiated species by treatment with Cul
as described by Katzenellenbogen and Crumrine.2!b5
Although the anion of 12 undergoes deconjugative a-me-
thylation (13) irrespective of cation (Table II, entries 1,
2), a shift toward ~y-alkylation (14) is evident in the reac-
tions of cuprated 12 with allyl bromide (entry 6), and
v-attack becomes clearly dominant with 3,3-dimethylallyl

(33) Jackman, L. M.; Sternhell, S. “Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry”, 2nd ed.; Pergamon
Press: London and New York, 1969; p 246.
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bromide (entry 8). The dicuprated dienolate of 15, gen-
erated by reaction of the corresponding dilithiated species
with 2 equiv of Cul, provided mainly «-alkylated product
in reaction with benzyl bromide (entry 22) but gave
roughly equal amounts of « and v isomers with isopropyl
iodide and even methyl iodide (entries 12, 14). Synthet-
ically useful v regioselectivity was observed with the allylic
electrophiles (entries 16, 18, 20). Treatment of dilithiated
species of 15 with only I equiv of Cul followed by alkyl-
ation with any of the electrophiles listed in Table III gave
results identical with those observed when 2 equiv of Cul
was used (see Experimental Section).?* Pitzele and co-
workers have made similar observations in reactions of
dianions of unsaturated carboxylic acids.?l

All y-product mixtures 14 and 17 obtained from 12 and
15, respectively, showed a high Z/FE ratio (i.e., the pre-
dominance of the thermodynamically less stable isomer),
independent of the use of lithiated or cuprated interme-
diates (Table IT). For tertiary amide 12, high Z stereose-
lectivity was uniformly observed whereas for secondary
amide 15, the v-Z/E ratio was highest for methyl iodide
(entry 12) and only slightly lower for allylic and benzylic
halides (entries 18, 20, 22). Separation of pure v-Z isomers
was carried out by column chromatography in several cases
(footnote e in Table II); in general, however, v-Z/E isomer
ratios were determined by NMR solvent shift studies (vide
supra). Cope rearrangement of « product 16¢ at 190-200
°C afforded v isomer 17¢ as a 1:1 Z/E mixture whereas
the dimethyallyl analogue 16d did not undergo rear-
rangement under identical conditions. It was established
that y-allylated products, e.g., 17¢, did not arise by a Cope
rearrangement of the corresponding o isomer under the
basic conditions of the reaction. Furthermore, it was
shown that both lithiated and cuprated v-Z products (e.g.,
17d) did not undergo isomerization into the v-E isomers

(34) On the other hand, use of catalytic amounts (0.2 equiv) of Cul led
to a 95:5 a/vy product ratio for the reactions of dilithiated 15 with allyl
bromide and 3,3-dimethylallyl bromide. For contrast, see ref 57.

under the reaction conditions (see Experimental Section).

The reaction of cuprated 15 with 3,3-dimethylallyl
bromide gave a complex mixture of products (Scheme III).
In addition to the « (16d) and vy-Z (17d) isomers which
could be separated by careful column chromatography,
there was obtained a three-component mixture consisting
of the double bond isomer of the a product (24), the v-E
isomer (21), and the transposed (Sy2) v product (22).
Compound 24 most likely arises by base-catalyzed rear-
rangement of the normal « product 16d since it can be
obtaned from the latter in quantitative yield under the
conditions of the reaction. Identity was established by
comparison of GLC retention times. The structure of 24
was assigned on the basis of its NMR spectrum (Table I1I)
and hydrogenation to the tetrahydro derivative 23 which
was also obtained by identical reduction of the « product
(16d).

Further chromatography of the v-E (21), v-Sn2” (22),
and rearranged o (24) product mixture provided a sample
containing only 21 and 22. Resolution of this mixture was
achieved by preparative GLC. The v-E product (21)
showed the expected differences in its NMR spectrum
compared to that of the corresponding v-Z isomer (17d).
The NMR spectrum of the v-Sy2’ isomer and benzene-
induced solvent shift data were fully consistent with the
structure and E stereochemistry represented by 22 (see
Experimental Section).

Comparison of our data (Table II) with those reported
by Katzenellenbogen and Crumrine for the alkylation of
cuprated unsaturated esters'® and dicuprated unsaturated
acids?'®%% reveals some significant differences. Although
cuprated unsaturated esters and amide 12 behave similarly
toward methy! and benzyl halides (exclusive deconjugative
a-alkylation, entries 2, 10), a marked difference is observed
in reactions of allylic halides, Thus cuprated unsaturated
esters yield only o products with allyl and 3,3-dimethylallyl
bromides, whereas cuprated amide 12 furnishes moderate
to good v regioselectivity with these halides (entries 6, 8).
In addition, reaction with a secondary halide vields a
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significant amount of v product (entry 4).

Both dicuprated senecioic acid?»% and the corre-
sponding amide 15 (or cuprated-lithiated species: vide
supra; Table II, entries 16, 18, 20) exhibit high v regiose-
lectivity in reactions with allylic halides. Alkylation using
geranyl bromide (entry 20) offers a slight advantage in that
it provides a 10:90 a/+y product ratio compared to the 20:80
ratio achieved in the corresponding reaction of the di-
cuprated senecioic acid described by Pitzele and co-
workers.?'® However, substantial v product is formed from
the reaction of dicuprated 15 with benzyl bromide (entry
22), and this effect is more pronounced in the corre-
sponding reactions with methyl iodide (entry 12) and
isopropyl iodide (entry 14). In contrast, reactions of
primary and benzylic halides with dicuprated senecioic acid
(and other unsaturated acids) do not yield y-alkylated
products. 2P

The major difference between the reactions of di-
cuprated amide 15 and the corresponding acid?'®® con-
cerns v-Z/ E stereoselectivity. Good to excellent y-Z ste-
reoselectivity was observed in alkylation of 15 with all
halides tested but particularly with 3,3-dimethylallyl,
geranyl, and benzyl bromides (entries 18, 20, 22). In
contrast, the reactions of dicuprated senecioic acid with
allylic bromides result in almost equal amounts of y-Z/E
isomers [CH,=~CHCH,Br (50:50), MeC=CHCH,Br
(45:55), geranyl bromide (54:46)] while, as noted earlier,
benzyl bromide yields only a-alkylated product.t®

Reaction of Metalated Senecioamides with Car-
bonyl Compounds (Table VI). The reaction of di-
metalated unsaturated carboxylic acids with carbonyl
compounds has been shown to provide mixtures of o and
v products whose composition is diversely dependent on
the structure of both reactants, the nature of cations as-
sociated with the dianion, and the temperature and solvent
of the reaction.2®t%5 After some initial confusion and
inadequate observation concerning this reaction, it has
been generally demonostrated®f (within certain structural
constraints) that (1) a-substituted products obtain from
reactions carried out under kinetic control while the cor-
responding 4 isomers result from thermodynamic control
conditions, (2) a products may be dissociatively equili-
brated to the more stable v isomers under appropriate
conditions, and (3) y-substituted products usually show
a high Z/E stereoselectivity. Points 2 and 3 have proved
to be useful in the synthesis of insect juvenile hormone
analogues®'® and a simple acyclic sesquiterpenoid.?’® The
reaction of dilithiated (E)-8-methylcinnamanilide with
benzophenone and 9-fluorenone, apparently the only
previous study?® concerning the reaction of unsaturated
amides with carbonyl compounds, gave only vy-substituted
products under thermodynamic control conditions.?®

The results of the reaction of lithiated N,N-dimethyl-
senecioamide (18) with aromatic and aliphatic aldehydes
and ketones are summarized in Table VI. When effected
at —78 °C for 10 s, the reaction of 18 with benzaldehyde
produced a mixture of erythro- and threo-19 diastereomers,
favoring the threo isomer (Table VI, entry 1). At longer
reaction times (5-15 min, conditions A), aromatic aldeh-
ydes (entries 2, 4, 6) gave a- and y-substituted product
mixtures, 19 and 20, highly favoring the o isomer (a/ v ratio
>80:20). In agreement with the general result for the
stereoselectivity of the aldol condensation under thermo-
dynamic control® and the observations of the present
study (« products 6g and 7e, vide supra), the « isomer 19
consisted of an erythro-threo mixture in which the threo
isomer predominated. However, threo-19 is favored after
only 10 s. Interpretation of these results in terms of kinetic
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vs. thermodynamic control without knowledge of the Z/E
ratio of the dienolate of 18 is not meaningful. The reaction
of lithiated 18 with aromatic aldehydes under conditions
B (16 h) resulted in exclusive formation of v-Z products
20 (entries 3, 5, 7). A similar trend in product composition
has been observed in the condensation of the analogous
dienolate anions of senecioic acid and ester with benz-
aldehyde except that the v-Z product was isolated as the
5,6-dihydro-2-pyrone owing to facile lactonization,!®?2f

The reactions of 18 with pyridine-3-carboxaldehyde
(Table VI, entries 12, 13), and n-butyraldehyde (entries
18, 19) provided similar results with variation in yields to
that observed for benzaldehyde. In contrast, the pyri-
dine-2- and -4-carboxaldehydes (entries 10, 11 and 14, 15)
gave a products exclusively under both sets of conditions
A and B. Reaction with cyclohexanone (entry 16) and
benzophenone (entry 17) according to conditions A gave
the a product in excellent and moderate yields, respec-
tively. When the o products were subjected to conditions
B or the reactants themselves were combined at 0 °C, no
a or v product was obtained, indicating the highly rever-
sible nature of these reactions and the (presumed) polym-
erization of lithiated 18 under long reaction times. The
o products obtained from the reaction with n-butyr-
aldehyde (entries 18, 19) partially underwent retroaldol
reaction to starting materials upon column chromatogra-
phy. This behavior parallels that found for products de-
rived from condensation of saturated amides with aromatic
aldehydes.®* In contrast to v-Z stereoselectivity in the
reactions of lithiated 18 with aromatic aldehydes, n-
butyraldehyde provided the v-E product 20d. Spectral
data for all products is given in Table V. The stereo-
chemistry of the a-threo and a-erythro isomers of 19 was
deduced from the differences in the 'H NMR coupling
constants of the diasteriomeric hydrogens®® while that of
the v isomer (20) was assigned on the basis of 'TH NMR
data, including benzene-induced solvent shift studies (see
Experimental Section). The erythro-threo pairs of
products 19g,h, 19i,j, and 19k,1 derived from reaction of
18 with the pyridine aldehydes showed similar NMR
coupling constants, J/,}, for the respective diastereomeric
hydrogens. The 3- and 4-pyridyl erythro and threo
products, 191,j and 19k, could be differentiated on the
basis of a somewhat larger J,, (threo) = 7 Hz as compared
with J,;, (erythro) = 5 Hz by following normal practice.’’®
However, the 2-pyridyl erythro—threo pair 19g,h showed
almost identical and low coupling constants of JJ,;, = 4-5
Hz. The abnormally low J,; (threo) for 19h could be
attributed to a conformational preference 25 in which

% 1.57

5 {threo)

~

26 (erythro)
~

hydrogen bonding is stronger than normal, owing to the
availability of two electronegative sites, the pyridine ni-
trogen and the amide carbonyl, between which OH hy-
drogen could exchange. Such interaction may also be

(35) von Schriltz, D. M.; Kaiser, E. M.; Hauser, C. R. J. Org. Chem.
1967, 32, 2610.
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Table VI. Reactions of Senecioamide 18 with Carbonyl Compounds

products, %

entry electrophile conditions (time)?® yield, % « (19) (erythro/threo) 7 (20)
1 PhCHO A(105s) 95 70 (1/2.5) 0
2 PhCHO A (15 min) 78 80(1/5) 20
3 PhCHO B (16 h) 72 0 100
4 veratraldehyde A (5 min) 84 88(1/3) 12
5 veratraldehyde B(5h) 75 0 100
6 piperonal A (5 min)? 91 82 (threo only) 18
7 piperonal B(5h)b 68 0 100
8 PhCH=CHCHO A (15 min) 85 100 (threo only) 0
9 PhCH=CHCHO B (16 h) 60 100 (threo only) 0
10 pyridine-2-carboxaldehyde A (15 min) 73 100 (1/1) 0
11 pyridine-2-carboxaldehyde B(16 h) 55 100 (1/1) 0
12 pyridine-3-carboxaldehyde A(lh) 79 100 (1/1.3) 0
13 pyridine-3-carboxaldehyde B (16 h) 78 15(1/1) 85
14 pyridine-4-carboxaldehyde A (15 min) 80 100 (1/1.7) 0
15 pyridine-4-carboxaldehyde B(16h) 60 100 (1/1) 0
16 cyclohexanone A (5 min) 91 94 6
17 Ph,CO A (5 min)? 50 100 0
18 n-PrCHO A (5 min)? 83 100 (1/2) 0
19 n-PrCHO B (5h)® 78 13¢ 874

@ See Experimental Section. ? The aldehyde or ketone was added at ~78 °C. ¢ Diasteriomeric ratio. was not determined.

v-E isomer.

involved in the favored conformation 26 for the corre-
sponding erythro isomer (19g). In agreement with ex-
pectation based on the anisotropic shielding effect of the
pyridine ring, conformer 25 shows NMR absorption due
to the methyl hydrogens of the isopropylidene group at
higher field compared to that for conformer 26. The ste-
reochemical assignments of all isomeric pyridine aldehyde
derived products are supported by the consistently lower
melting points and higher chromatographic R; values of
the erythro isomers compared to those of the threo isomers,
properties which were generally observed for the corre-
sponding diastereomeric pairs 19a,b, 19¢,d, and 19e,f.

The reaction of 18 with benzaldehyde was investigated
in detail (Scheme IV), and it was shown that (1) the anion
of the « product 27, formed at -78 °C, underwent rear-
rangement to the corresponding -y species (28) under the
conditions used for the formation of the ¥ product (20a)
and (2) the anion 27, generated separately from threo-19b
at -78 °C, was similarly converted into the vy isomer (20a).
Furthermore, it was observed that when a solution of the
anion of the a product 19p, formed at -78 °C, was treated
with methyl iodide and allowed to warm to room tem-
perature, 2-methylcyclohexanone (33) was obtained in
addition to starting material and deconjugated amide 31.
These results demonstrate that the anion 27 is reversibly
formed and that under longer reaction times and higher
temperature it is tranformed irreversibly into the ther-
modynamically more stable 28. The dissociation of the
a anion of 19p into separate components 29 and 30 is
established by the isolation of 31 and 33 whose formation
is explained by rapid proton exchange of 29 with the more
acidic protons of cyclohexanone (30) at higher tempera-
tures, yielding 31 and enolate 32.

The contrasting behavior of the pyridine aldehydes
compared to that of the other aromatic aldehydes in re-
action with lithiated 18 (Table VI, entries 10-15) merits
brief comment. Under conditions A which favor threo «
products for aromatic aldehydes, the pyridine aldehydes
yield the corresponding products with an erythro/threo
ratio =~ 1. Steric bulk factors being equal for the aromatic
and the pyridine aldehydes, these results may reflect an
unfavorable interaction between pyridine and amide ni-
trogen lone pairs in the preferred transition state leading
to threo product. Under conditions B, the reaction of
pyridine-3-carboxaldehyde clearly gives the v-Z isomer as

Scheme IV
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the major product (entry 13), while the corresponding
reactions with pyridine-2- and -4-carboxaldehydes provide
the diastereomeric o product mixtures in somewhat de-
creased yields (entries 11, 15) compared to those observed
under conditions A. This difference in behavior indicates
a reluctance of the initally generated 2- and 4-pyridyl
alkoxide o products to undergo retroaldol reaction com-
pared to the corresponding reaction of the 3-pyridyl alk-
oxide. This may be a consequence of resonance effects
which render greater stability to products resulting from
nucleophilic attack on pyridine-2- and -4-carboxaldehydes
compared to that of pyridine-3-carboxaldehyde.?® The
decrease in yields of a products in the former two cases

(36) Schofield, K. “Hetero-Aromatic Nitrogen Compounds”; Butter-
worths: London, 1967; p 311 ff.



Metalated Unsaturated Amides

dJ. Org. Chem., Vol. 46, No. 10, 1981 2041

Scheme V
0 0 0
1 Base
wige 2. € E NR'R? \la2
e E—
and/or
/
2 .
34 R = RE = i-Pr 35 R —21—Pr 3 2
% = - Rl = H, R® = i-Bu
Rl = H, R® = i-Bu 37 H, RZ = i-Bu 38

36
~

under conditions B compared to conditions A may be due
to partial retroaldolization which allows the thus generated
pyridine-2- and -4-carboxaldehydes to undergo a base-
catalyzed Cannizzaro reaction, a reaction which is also
known to be fast for these two aldehydes compared to
pyridine-3-carboxaldehyde.®

Alkylation of Metalated Crotonamides (Scheme V).
The alkylation of lithiated N,N-diisopropylcrotonamide
(34) (Scheme V, Table VI) was less successful, requiring
special procedures and workup owing to anion and product
instabilities, respectively.?” Nevertheless, moderate yields
of « products 35 were obtained from reactions of 34 with
Mel, PhCH,Br, and PhCHO. On the other hand, good
yields of mixtures of @ and ¥ products 37 and 38 were
obtained from the condensation of dilithiated N-iso-
butylcrotonamide (36) with piperonyl bromide, n-hex-
adecanal, and piperonal. The vy product 38a is a member
of the Piper group of alkaloids, isolated from P. guineese
and named 3,4-dihydropiperlonguminine.® 1In all three
cases studied, the low v regioselectivity could not be im-
proved either by using thermodynamic control conditions
or by addition of Cul, thus precluding efficient synthesis
of 38a and related alkaloids (see below).

N,a- and o,a-Dialkylation. Since tertiary amides offer
advantages over secondary amides in some synthetic op-
erations (e.g., see below), we subjected the dianion of
N-phenylsenecioamide (39) to sequential one-pot ethyla-
tion and methylation. The deconjugated a-ethyl-N-methyl
amide 40a was obtained in high yield, thus demonstrating
the viability of this procedure.

39 40
o~ ~
a: R=H
a: R=H a: R =Et b: R = Me
-~ P -~
E; R = Me 3: R = Me2C=CHCH2 ,C«: R = CH2=CHCH2

A second alkylation of 41a using LDA and the standard
conditions could not be achieved. However, when lithium
2,2,6,6-tetramethylpiperidide (LiITMP)-TMEDA was used,
alkylation proceeded smoothly with methyl iodide and allyl
bromide to give high yields of the a,a-disubstituted
products 41b and 41c, respectively.

Synthesis of Lavandulol (42). We have demonstrated
the utility of the a-regio- and Z-stereoselective prenylation
reactions for the construction of terpenoid components

(37) A further complication for 34 but not for 36 is the Michael ad-
dition of LDA since we have shown that this is a clean reaction for
N,N-dimethylcrotonamide but not for N-methylcrotonamide.?®®

(38) Dwuma-Badu, D.; Ayim, J. S. K.; Dabra, T. T\; El Sohly, H. N.;
Knapp, J. E.; Slatkin, D. J.; Schiff, P. L., Jr. Lloydia 1976, 39, 60.

such as (Z,E)-geranioic and (Z,E)-farnesoic amides (Table
11, entries 18 and 20). That the a-regioselective alkylation
is also useful is shown by a short synthesis of lavandulol
(42), an example of one of the classes of the irregular
monoterpenoids.® Compound 40b, obtained in excellent
yield by a-prenylation of N-methyl-N-phenylsenecioamide
was reduced with lithium triethylborohydride, an excellent
reagent introduced by Brown and co-workers* for the
reduction of tertiary amides to primary alcohols, gave la-
vandulol directly in high yield.*

Synthesis of Piperlonguminine (43). The unsatu-
rated amide functionality is the discerning feature of the
Piper alkaloids*? and the insecticidally active isobutyl-
amides derived from plants of the Compositae and Ruta-
ceae families.*® A short route to the diene and triene
isobutylamides using metalated, unsaturated amides ap-
pears to be thwarted by the observation that the model
condensation of crotonamide 36 with n-hexadecanal (Table
IV) proceeds with « regioselectivity even under thermo-
dynamic control conditions. The reaction of 36 with pi-
peronal leads to substantially greater amounts of v product
38c (/v ratio of 2:1). Conversion of 38¢ into the alkaloid
piperlonguminine (43) was easily achieved by treatment

2 ¢
CH 0 \/\/U\
2
<0 ~ NHi-Bu
0

=z

42 2

~

with mesyl chloride in pyridine. It is likely that other
Piper alkaloids*? and naturally occurring isobutylamides®
and their analogues may be prepared via metalated un-
saturated amides.

Conclusions

We have demonostrated that metalated, 8,8-disubsti-
tuted, unsaturated amides are useful synthons for C-C
bond formation at the « and v sites (44). Predominant

(39) Review: Thomas, A. F. In “The Total Synthesis of Natural
Products”; ApSimon, J., Ed.; Wiley: New York, 1973; Vol. 2, pp 43-49.
Recent synthesis: Bertrand, M.; Gil, G.; Viala, J. Tetrahedron Lett. 1977,
1785.

(40) Brown, H. C.; Kim, S. C.; Krishnamurthy, S. J. Org. Chem. 1980,
45, 1.

(41) The two-step reductive procedure which we reported previously!
for the conversion of 40b into 42 (60-73% overall yield) was subsequently
found to be poorly reproducible and is therefore not recommended.

(42) Review: Atal, C. K; Dhar, K. L.; Singh, J. Lloydia 1975, 38, 256.
Recent isolation work: Smith, R. M. Tetrahedron 1979, 35, 437; Gupta,
0. P.; Gupta, S. C,; Dhar, K. L.; Atal, C. K. Phytochemistry 1978, 17, 601;
Addae-Mensah, L.; Torto, F. G.; Dimonyeka, C. I.; Baxter, I.; Sanders, J.
K. M. Ibid. 1977, 16, 757.

(43) Jacobson, M. In “Naturally Occurring Insecticides”; Jacobson, M.,
Crosby, D. G., Eds.; Marcel Dekker: New York, 1971, p 137.
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v-alkylation, achieved via cuprated amide dienolates, has
advantages in scope and greater regio- and stereoselectivity
over the corresponding reaction of unsaturated acid
dienolates.?%% QOur methodology allows the efficient
preparation of stereochemically pure geranioic and far-
nesoic amide derivatives (17d,f) and, less significantly, the
synthesis of irregular monoterpene systems 42 and amide
alkaloids 38a and 43. In general, lithiated 3,8-unsaturated
amide dienolates are conveniently generated (0 °C to rcom
temperature), are stable to self-condensation and 1,2- or
1,4-addition,*” and undergo smooth «-alkylation in high
yield. These properties recommend their complementary
synthetic use with the alkylation of unsaturated nitriles!?
and esters,'® providing the amide functionality is com-
patible with further synthetic operations. Finally, the
scope of the amide alkylation reaction is broadened by the
availability of amide into acid, ester, aldehyde, ketone,
amine,* and, most recently, thioamide?” conversions.

Other recently developed methodologies for C-C bond
formation using carbanions derived from unsaturated am-
ides 45-48 attest to the increasing versatility of these in-
termediates in organic synthesis.

Experimental Section

General Methods. Microanalyses were pefromed by A. B.
Gygli, Baron Consulting Co., Heterocyclic Chemical Corp., and
Guelph Chemical Laboratories Ltd. Melting points were de-
termined on Mel-Temp and Biichi SMP-20 apparatus and are
uncorrected. Infrared spectra were measured on a Beckman IR-10
and Perkin-Elmer 180 instruments. Nuclear magnetic resonance
spectra were recorded on Varian T-60, Perkin-Elmer R-12B, and

(44) Challis, B. C.; Challis, J. In “The Chemistry of Amides”; Patai,
S., Zabicky, J., Eds.; Interscience: New York, 1970; p 731. For recent
methods of amide modification, see: Gassman, P. G.; Hodgson, P. K. G;
Balchunis, R. J. J. Am. Chem. Soc. 1976, 98, 1275; Kuzuhara, H.; Mori,
0.; Emoto, S. Tetrahedron Lett. 1976, 379; Martin, J. C.; Franz, J. A. J.
Am. Chem. Soc. 1975, 97, 6137; Menger, F. M.; Rhee, J. U.; Rhee, H. K.
J. Org. Chem. 1975, 40, 3803; Gani, V.; Lapinte, C. Tetrahedron Lett.
1973, 2775; Shahak, 1; Sasson, Y. J. Am. Chem. Soc. 1973, 95, 3440.

Majewski et al.

Brucker WP-80 spectrometers in deuteriochloroform solution with
Me,Si as an internal standard. Mass spectra were obtained on
an ACI MS-30 double-beam, double-focussing spectrometer.
Thin-layer and preparative layer chromatography were carried
out by using Merck Precoated silica gel sheets 60-F-254 and with
Merck silica gel GF-254 (Type G), respectively. Column chro-
matography was performed by using silica gel 60 (70-230 mesh).
All chromatographic supplies were obtained from Brinkmann
(Canada) LTD. Analytical gas-liquid chromatography (GLC) was
effected on Varian Aerograph 1520 (6 ft X !/g in. Ultrabond
column) and F&M 810 (6 ft X !/, in., 10% SE-30 column)
chromatographs. Preparative GL.C was carried out on a Varian
Autoprep A-700 instrument equipped with a Carbowax column.
THF and ether were dried over sodiumn with benzophenone as
indicator and distilled immediately before use. n-Butyllithium,
as a solution in hexane, diisopropylamine, tetramethylethylene-
diamine (TMEDA), and 2,2,6,6-tetramethylpiperidine were
purchased from Aldrich Chemical Co. Diisopropylamine and
TMEDA were distilled from sodium hydride and calcium hydride,
respectively, and stored over 5A molecular sieves. Cuprous iodide,
purchased from Fischer Scientific Co., was used without purifi-
cation. All reactions were carried out under high-purity Linde
nitrogen; reagents were injected through septum caps by using
syringes. When used below, the phrase “standard workup” sig-
nifies that a given organic solution was quenched with water or
2 N HCl solution, dried (Na,SO,), and evaporated to dryness in
vacuo.

Preparation of Unsaturated Amides 4, 5, 12, 15, 18, 34, 36,
and 39a. (Diethylphosphonoacetyl)-o-toluidide. This com-
pound was prepared by a modification of a literature method.*
A mixture of chloroacetyl o-toluidide* (9.2 g, 50 mmol) and freshly
distilled triethyl phosphite (8.4 g, 50 mmol) was stirred at 135
°C (oil bath temperature) for 5 h. The reaction mixture was
allowed to cool to room temperature, and the crude product was
recrystallized from ether to give the product: 10.5 g (70%); mp
77-78 °C; IR (CHCly) 3260, 1680, 1220, 1165, 1035 cm™; NMR
(CDCl3) 6 1.33 (t,6 H, J = 7 Hz), 2.30 (s, 3 H), 3.03 (d, 2 H, J
=20 Hz),4.13(q,2H,J = THz),4.28 (d,2H,J =7 Hz),7.0-7.4
(m, 3 H), 7.9 (m, 1 H), 8.7 (brs, 1 H). Anal. Caled for C;3H,NO,P:
C, 54.73; H, 7.07; N, 4.91. Found: C, 54.53; H, 7.02; N, 4.88.

(Cyclohexylideneacetyl)-o-toluidide (5). This compound
was obtained in 80% yield by the Witting reaction of (diethyl-
phosphonacetyl)-o-toluidide with cyclohexanone according to a
literature procedure;:*” mp 104-105 °C (Et,0) (lit.** mp 105108
°C).

All amides described below were prepared from the requisite
acid chlorides and amines by the standard procedure.

N,N-Dimethylcyclohexylideneacetamide (4). This amide
was obtained in 70% yield; bp 98-102 °C (0.7 mm) [lit.*’ bp
118122 °C (0.2 mm)].

N,N-Diisopropylsenecioamide (12). This amide was pre-
pared in 34% yield; bp 6062 °C (0.2 mm). Anal, Caled for
C, HyNO: C,72.08; H, 11.55; N, 7.64. Found: C, 72.13; H, 11.58;
N, 7.62.

N-Methylsenecioamide (15). This amide was secured in 54%
yield; mp 78-79 °C (Et,0) [lit.° bp 145-146 °C (10 mm)).

N,N-Dimethylsenecioamide (18). This amide was obtained
in 94% yield; bp 50-52 °C (0.3 mm) [lit.’! bp 28-30 °C (0.5-1.5
mm)].

N,N-Diisopropylcrotonamide (34). This amide was prepared
in 53% yield; bp 70 °C (1 mm). Anal. Caled for C,H;(NO: C,
72.08; H, 11.55; N, 7.64. Found: C, 72.13; H, 11.58; N, 7.62.

N-Isobutylcrotonamide (36). This amide was prepared in
82% yield; mp 67-68 °C (Et;0). Anal. Caled for CgH;sNO: C,
67.60; H, 10.56; N, 9.86. Found: C, 67.48; H, 10.42; N, 9.89.

N-Phenylsenecioamide (39a). This compound was obtained

(45) Zieloft, K.; Paul, H.; Hilgetag, J. Z. Chem. 1964, 4, 148.

(46) Harvill, E. K.; Herbst, R. M.; Schreiner, E. G. J. Org. Chem. 1952,
17, 1597.

(47) Sundberg, R. J.; Holcombe, F. Q. J. Org. Chem. 1969, 34, 3273.

(48) Dimroth, K. Ber. Dtsch. Chem. Ges. 1938, 71B, 1333.

(49) Mousseron, M.; Jacquier, R.; Fontain, A. Bull. Soc. Chim. Fr.
1956, 1737.

(50) N. V. Koninklijke Pharm. Fabrieken, Dutch Patent 86 559; Chem.
Abstr. 1959, 53, 5139d.

(51) Hobson, R. F.; Reeves, 1.. W. J. Magn. Reson. 1973, 10, 243.
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in 80% yield; mp 129-130 °C (lit.52 mp 129-130 °C).

N-Methyl-N-phenylsenecioamide (39b). This compound
was obtained in 82% yield; bp 95-99 °C (0.6 mm) [lit.% bp 145-146
°C (13 mm)].

Typical Procedures for Alkylation of Amides 4, 5, 12, 15,
34, 36. Alkylation of Lithiated Amides and 14. Procedure
A. A stirred solution of diisopropylamine (111 mg, 1.1 mmol) and
compound 4 (167 mg, 1 mmol) in THF (5 mL) cooled in an ice-salt
bath was treated with a solution of n-BuLi (1.5 M; 0.7 mL, 1.1
mmol) by the syringe-injection technique. The solution was stirred
at room temperature for 1 h and then warmed to 30-35 °C for
0.5 h. The resulting yellow solution was cooled to 0 °C and methyl
iodide (0.08 mL, 1.2 mmol) was injected. The reaction mixture
was stirred at room temperature for 4 h, quenched with water,
and processed in the normal manner to give, after chromatography
(petroleum ether—ether, 80:20), 105 mg (58%) of compound 6a,
whose physical and spectral properties are recorded in Table 1.

Alkylation of Dilithiated Amides 5 and 15. Procedure B.
To a stirred solution of 5 (450 mg, 2 mmol) and TMEDA (6 mL,
4 mmol) in diethy! ether (5 mL) at room temperature was added
a solution of n-Bul.i (4.5 mmol). After 1.5 h, the yellow solution
was treated with ethyl bromide (0.20 mL, 2.5 mmol), and stirring
was continued for 1 h. The resulting colorless reaction mixture
was quenched with water. Normal workup gave a colorless solid
which was recrystallized to give pure product 7b, shose physical
and spectral data are given in Table L.

Procedure C. A solution of n-BuLi (2 mmol) was injected by
syringe into a stirred, ice-cooled solution of 15 (113 mg, 1 mmol)
and TMEDA (0.3 mL, 2 mmol) in THF (5 mL). The solution
was stirred at room temperature for 2 h, cooled to 0 °C, and treated
with methyl iodide (0.06 mL, 1 mmol). The reaction mixture was
quenched by pouring it onto an ice-water sludge containing 2 N
HCL. Normal workup followed by distillation afforded pure 16a
(see Table III for physical and spectral data).

Alkylation of Cuprated-Lithiated and Dicuprated Amides
15. The dilithiated species generated according to procedure C
were treated with either 1 or 2 equiv of Cul and then alkylated
with the appropriate electrophile. It was found that identical
results were observed in both cases for a variety of electrophiles.
Since the workup was more convenient (less inorganic precipitate)
when 1 equiv of Cul was used, this set of conditions was generally
adopted.

Procedure D. The yellow solution of the dilithiated species
generated as described in procedure C from compound 15 (560
mg, 5 mmol) was cooled to 78 °C and treated with Cul (360 mg,
5 mmol). The yellow-orange heterogeneous mixture was stirred
vigorously at -78 °C for 1 h. (Some reaction mixtures were gray,
but this effect, unlike the observations on dicuprated dienolates
of unsaturated acids,?® did not affect the yields.) Methyl iodide
(0.32 mL, 5 mmol) was injected, resulting in a reddish brown or
dark gray mixture which was allowed to warm to room temper-
ature overnight. The black mixture was acidified (2 N HCI),
CH,Cl, was added, and the two-phase system was filtered through
Celite to remove inorganic salts. The filtrate was separated, and
the aqueous layer was extracted with several portions of CH,Cl,.
The combined organic extract was treated by normal workup
procedures to give 540 mg (80%) of a clean, colorless oil which
showed the «(16a)/v(17a) and v-Z/v-E(17a) ratios listed in entry
12 of Table II. Separation of 16a and 17a was achieved by column
chromatography (PhH-EtOAc-CH,Cl,, 1:2:2). ¥-Z and v-E isomer
separation for 17a was not possible; assighment of the ratio is
based on benzene-induced solvent shift studies (see below).

Alkylation of Crotonamides 34 and 36. Preparation of
Compound 35¢. A cooled (ice—salt bath) solution of L.LDA (4
mmol) in THF (5-10 mL) was treated with neat amide 34 (683
mg, 4 mmol) under vigorous stirring. After further stirring at room
temperature for 0.5 h, the yellow solution was cooled to -78 °C,
and freshly distilled benzaldehyde (430 mg, 4 mmol) was intro-
duced by dropwise addition. The temperature was allowed to
rise to -5 °C (bath temperature) during 1 h, and the reaction
mixture was quenched with ice-cold dilute HCl and worked up
in the normal manner to yield, after chromatography (Et,0-pe-

(52) Wiley, R. H,; de Silva, C. L. J. Am. Chem. Soc. 1956, 78, 4683,
(53) Geigy, J. R. Swiss Patent 262982, 1949; Chem. Abstr. 1950, 44,
P5522f.
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troleum ether, 20:80), 464 mg (42%) of crystalline 35¢c, whose
physical and spectral properties are given in Table VI.

Preparation of Compounds 37a and 38a. N-Isobutyl-
crotonamide (36, 1 equiv) was treated with LDA (2 equiv) and
piperonyl bromide (2 equiv) according to procedure A. A standard
workup gave crude product which was resolved by column
chromatography (silica gel; eluent CH,Cl,-acetone, 2:1) into «
and v products 37a and 38a, whose physical and spectral prop-
erties are described in Table IV,

Correlation of a-Alkylated Products 7a-d with Saturated
Amides 9a-d. Hydrogenation of 7a-d. A solution of 250 mg
(1 mmol) of compound 7a in 25 mL of ethanol containing 25 mg
of palladium on charcoal was reduced in a Paar apparatus to yield
231 mg (95%) of solid which upon recrystallization from EtOH-
H,0 gave colorless crystals of 9a: mp 138-139 °C; IR (CHCly)
1680 cm™; NMR (CDCls) 6 1.03-2.33 (m, including 1.23,d, J =
7 Hz, and 2.28, s, 18 H), 6.87-7.30 (m, 4 H), 7.88 (br s, 1 H); mass
spectrum, m/e 245 (M*). Anal. Caled for C;gH ;3 NO: C, 78.54;
H, 9.03; N, 5.60. Found: C, 78.56; H, 9.03; N, 5.62.

Compounds 7b-d were likewise hydrogenated to give the
following products.

9b: mp 165-166 °C (EtOH-H,0); 95% yield; IR (CHCl;) 1680
em™; NMR (CDCly) § 1.0-2.05 (m, 17 H), 2.28 (s, 3 H), 6.93-7.28
(m, 4 H), 7.92 (br s, 1 H); mass spectrum, m/e 259 (M*). Anal.
Caled for Cy7HyNO: C, 78.59; H, 9.62; N, 5.22. Found: C, 78.57;
H, 9.67; N, 5.25.

9¢: mp 126-128 °C (EtOH-H,0); 90% yield; IR (CHC),) 1680
cm™; NMR (CDCly) 8 0.77-1.98 (br m, 18 H), 2.28 (s, 3 H),
6.93-7.30 (m, 4 H), 7.87 (br s, 1 H); mass spectrum, m/e 273 (M*).
Anal. Caled for C;gHy;NO: C, 79.01; H, 9.82; N, 5.37. Found:
C, 79.01; H, 9.80; N, 5.27.

9d: mp 137-138 *C (EtOH-H,0); 90% yield; IR (CHCl,) 1680
e¢m™l; NMR (CDCly) 6 1.03-2.17 (br m, 15 H), 2.23 (s, 3 H), 2.93
(d, 2 H, J = 7 Hz), 6.95-7.37 (m, 9 H), 7.83 (br s, 1 H); mass
spectrum, m/e 321 (M*). Anal. Caled for C,,Hy;NO: C, 82.20;
H, 8.53; N, 4.35. Found: C, 82.10; H, 8.43; N, 4.30.

Preparation of 8. Hydrogenation of compound 5 as described
above for Ta gave after recrystallization from EtOH-H,0 a 95%
yield of 8: mp 145--146 °C; NMR (CDCl,) 6 0.78-1.97 {(m, 11 H),
2.08-2.38 (m, 2 H), 2.27 (s, 3 H), 6.98-7.33 (m, 4 H), 7.82 (br s,
1 H); mass spectrum, m/e 231 (M*). Anal. Caled for C;sH,NO:
C, 83.67; H, 9.83; N, 6.50. Found: C, 83.40; H, 9.77; N, 6.43.

Alkylation of Compound 8. A solution of n-Ruli (2.45 M
in hexane, 4.5 mmol) was injected into a stirred solution of 8 (465
mg, 2 mmol) and TMEDA (6 mL, 4 mmol) in anhydrous ether
(5 mL) at room temperature under nitrogen. After the mixture
was stirred for 1.5 h, methyl iodide (0.16 mL, 2.5 mmol) was added.
The yellow color was discharged to give an almost colorless solution
which was stirred for 1 h and quenched with water. A normal
workup gave 419 mg (85%) of crude product. Recrystallization
from EtOH-H,0 gave colorless crystals of 9a (mp 138-139 °C)
which was shown to be identical (melting point, mixture melting
point, TLC, IR, NMR) with a sample obtained by reduction of
7a as described above.

Similarly, alkylation of 8 with ethyl bromide, allyl bromide,
and benzyl bromide gave 9b (75%), 9¢ [after hydrogenation
(Pd/C) of the intermediate a-allyl product: mp 85-86 °C, 23%
yield overall], and 9d (30%), respectively. These products were
shown to be identical by criteria used for 9a above with samples
obtained by reduction of 7b-d.

Hydride Transfer Reaction of 5 with Benzaldehyde.
Amide 5 (458 mg, 2 mmol) in a mixture of dry ether (20 mL) and
TMEDA (0.5 mL, 4 mmol) under a nitrogen atmosphere was
treated with n-BuLi (4 mmol) in hexane solution at 0 °C. The
mixture was stirred for 0.5 h and treated with benzaldehyde (0.42
ml, 4 mmol). The ice bath was removed, and stirring was con-
tinued for 0.5 h. A standard workup gave 705 mg of crude material
which upon chromatography (silica gel, Et;O-hexane eluent) gave
81 mg (38%) of benzyl alcohol (identified by GLC and NMR),
206 mg (45%) of starting amide 5, and 253 mg (38%) of compound
10: mp 121-122 °C (EtOH); IR (CHC],) 1688, 1640 cm™; NMR
(CDCly) 6 1.60 (m, 4 H), 2.20 (m, 4 H), 2.35 (s, 3 H) 5.05 (s, 1 H),
5.90 (br s, 1 H), 7.0--8.2 (m, 9 H); mass spectrum, m/e (relative
intensity) 333 (M™, 3), 228 (24), 107 (48), 105 (100). Anal. Calcd
for CyoH,;3NO,: C, 79.25; H, 6.95; N, 4.20. Found: C, 78.93; H,
7.02; N, 4.27.
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Alkylation of Cuprated-Lithiated Dienolate of N-
Methylsenecioamide (15) with 3,3-Dimethylallyl Bromide.
By use of the general procedure D described above, the reaction
of 15 with 3,3-dimethylallyl bromide gave an oil [95% yield, bp
99-110 °C (0.25 mm)] which was chromatographed (silica gel;
PhH-EtOAc, 1:10) to yield the following fractions in order of
elution: fraction 1, a-product 16d (12% ) which was shown to be
identical (IR, NMR, GLC) with that obtained from the corre-
sponding reaction of the dilithiated dienolate of 15; fraction 2,
v-Z product 17d (50%) which was characterizaed by IR, NMR,
and mass spectra (Table III); fraction 3, a mixture of v-E (21,
16%) and Sn2’ (22, 17%) isomers and rearranged o product 24
(5%).

Rearranged « Product 24. The structure of this product was
proved by chemical correlation with the o product 16d as follows.
Compound 16d (1 equiv) in THF (10 mL) was treated with n-BuLi
(1.5 equiv) at room temperature, and the mixture was stirred for
3 h. A standard workup yielded 24: 100% yield; mp 63-64 °C;
identical GLC retention time (Ultrabond 10% SE-30) with a
sample of 24 obtained from the reaction mixture.

Hydrogenation of 24 and 16d over Pd/C in MeOH under STP
conditions gave quantitatively the same tetrahydro derivative {23;
mp 64-66 °C (EtOH-H,0)] as established by spectral (IR, NMR)
and GLC comparison. Anal. Calcd for C;;Hy3NO: C, 71.24; H,
12.41; N, 7.56. Found: C, 71.16; H, 12.62; N, 7.61.

v-E(21) and Sy2’ (22) Products. Further chromatography
of the mixture of 21, 22, and 24 gave a sample containing only
21 and 22. Separation was achieved by preparative GLC on
Carbowax.

v-Sx2 Produect 22: oil; IR (CHCly) 1630 em™; NMR (CDCly)
§1.03(s,6 H),2.08(s,2H),213(d,3H,J=1Hz),281(d,3
H,J =5Hz),4.80(dd, 2 H,J = 1, 4 Hz), 5.4-6.2 (m, 3 H). The
benzene-induced solvent shift parameters 6.z, (CeDg) (=2.13
ppm) and ¢y, (CeDg) (=2.00 ppm) were consistent with the E
stereochemical assignment. Anal. Caled for C,H;(NO: C, 72.88;
H, 10.50; N, 7.41. Found: C, 72.60; H, 10.69; N, 7.47.

v-EProduct 21: oil; IR (CHCly) 1635 cm™}; NMR (CDCly) §
1.60 (s, 3 H), 1.68 (s, 3 H), 2.15 (m, 7 H), 2.83 (d, 3 H, J = 5 Hz),
5.05 (m, 1 H), 5.35 (m, 1 H), 5.50 (s, 1 H). Anal. Calecd for
C:H,gNO: C,72.88; H, 10.50; N, 7.41. Found: C, 73.04; H, 10.80;
N, 7.19.

Control Experiments. Stability of « Product 16¢ to Re-
arrangement into ¥ Product 17¢. Compund 16¢ (210 mg, 1.4
mmol) dissolved in a mixture of THF (10 mL) and TMEDA (0.3
mL, 2 mmol) was treated with a solution of n-BuLi (2.8 mmol)
at room temperature and the mixture was stirred for 24 h. A
standard workup gave a product which was shown to be identical
(NMR, GLC) with starting material (100% recovery).

Stability of Lithiated and Cuprated v-Z Product 17d to
Isomerization into the Corresponding v- EProduct. Product
17d (93 mg, 0.5 mmol) dissolved in a mixture of THF (10 mL)
and TMEDA (0.08 mL, 0.5 mmol) was treated with a solution
of n-Bulii (0.5 mmol) and the mixture allowed to stir at room
temperature for 0.5 h. A standard workup gave unreacted 17d
(95%, GLC pure).

In a second experiment, the solution of lithiated 17d prepared
as above was cooled to —78 °C and, after being stirred for 15 min,
was treated with Cul (90 mg, 0.5 mmol). The reaction mixture
was allowed to warm slowly to room temperature and processed
in the standard manner to give unchanged 17d (97%, GLC pure).

Cope Rearrangement of Compound 16c. The a-allyl-
senecioamide 16¢ (153 mg, 1 mmol) was thermolyzed at 190-200
°C under nitrogen for 18 h. A normal workup afforded 15% of
starting material and 75% of y-product 17¢ (Z/E ratio of 1:1 by
GLC).

Assignment of Z/ E Stereochemistry to v Products 14 and
17. In general agreement with results observed for a,8-unsaturated
ketones,? N-methylsenecioamide (15) shows the following
benzene-induced solvent shifts for the (E)- and (Z)-3-Me signals:
5(E)-Me (CDClg) 185, 6(E)-Me (CGD(.;) 160, 5(Z)—Me (CDClg) 213, 5(Z)-Me
(CeDg) 2.23. Similar solvent shifts [Adg.me (CDCl3-CgDg) ~ 0.25
ppm (upfield) and Adz.y, (CDCl3—CgDg) ~ 0.10 ppm (downfield))
were observed in comparisons of 3-Me signals of products 14 and
17 either as Z/E mixtures or as the respective pure components,
e.g.: (Z)-17a, o.M (CDCly) 1.81, 65 (CeDg) 1.58; (E)-17a, dz.0e
(CDCLy) 2.15. 6z.me (CgDg) 2.24.
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Reaction of Senecioamide 18 with Carbonyl Compounds
(Table VI). Typical Conditions A. To a stirred solution of
the anion of N,N-dimethylsenecioamide (18, 82 mmol) prepared
as described in procedure A above at -5 °C was added dropwise
a solution of freshly distilled benzaldehyde (82 mmol) in THF
(200 mL). The mixture was vigorously stirred for 5 min and
quenched with a saturated solution of ammonium chloride (1 mL).
A standard workup followed by fractional crystallization of the
crude product from ether gave the pure threo isomer 19b (10.50
g). The mother liquor was evaporated to dryness, and the residue
was chromatographed (silica gel, CH,Cl,~hexane eluent) to give
in order of elution the ¥ product 20a (2.50 g) and the erythro
isomer 19a (2.50 g). The physical and spectroscopic properties
of all products are given in Table V.

Typical Conditions B. A stirred solution of the anion of
compound 18 (82 mmol) prepared as above was treated with
benzaldehyde (82 mmol) at ~5 °C, and the mixture was allowed
to warm to room temperature overnight. A standard workup
followed by recrystallization gave the v product 20a (13.55 g)
whose physical and spectral data are given in Table V.

Conversion of a Products 19a,b into v Product 20a. A
stirred solution of LDA (1 mmol) in THF (10 mL) cooled to 0
°C was treated with a solution of the crude diastereomeric mixture
of the a-product 19a,b (233 mg, 1 mmol) in THF (2 mL). The
mixture was stirred at room temperature for 20 h and worked up
in the standard manner to give crude material (206 mg) which
upon chromatography (silica gel, CH,Cly-hexane (1:4) eluent) gave
the following fractions: 52 mg of a mixture of deconjugated amide
31 [NMR (CDCly) 6 1.90 (s, 3 H), 3.0 (s, 6 H), 3.12 (s, 2 H), 4.85
(m, 2 H)], benzaldehyde, benzyl alcohol (identified by GC), 30
mg (13%) of the « product mixture 19a,b, 102 mg (44%) of the
v product 20a.

A qualitatively similar result was obtained when the reaction
mixture from typical conditions A was allowed to stir at room
temperature overnight.

Retroaldolization of o Product 19p. Formation of 2-
Methylcyclohexanone (33). To a stirred solution of LDA (1.5
mmol) in THF (15 mL) was added a solution of compound 19p
(326 mg, 1.45 mmol) in THF (5 mL). Methyl iodide (1 mL, 1.6
mmol) was then injected, and the mixture was stirred and allowed
to warm to room temperature overnight. A standard workup gave
crude product (290 mg) which was shown to consist of starting
amide 19p (80%) and a mixture (20%) of deconjugated amide
31 and 2-methylcyclochexanone (33), identified by GC and NMR
comparison with authentic materials.

Dialkylation. Preparation of N-Methyl- N-phenyl-2-iso-
propenylbutyramide (40a). To a stirred solution of LDA (40
mmol) in THF (20 mL) cooled in an ice-salt bath was added a
solution of N-phenylsenecioamide (39a; 3.30 g, 20 mmol) in THF
(5 mL). The solution was stirred at room temperature for 1.5 h
during which time it developed a deep orange color. It was cooled
to 0 °C, and ethyl bromide (3.18 mL, 20 mmol) was added over
15 min. After being stirred at room temperature for 1.5 h, the
resulting yellow reaction mixture was again cooled to 0 °C and
treated with methyl iodide (1.2 mL., 20 mmol). The yellow color
was discharged, and a colorless precipitate appeared. Stirring
overnight at room temperature followed by a normal workup gave
crude material which upon chromatography afforded 3.58 g (86%)
of 40a as a colorless oil: bp 110-115 °C (1.5 mm); IR (neat) 1660
cm™'; NMR (CDCly) 6 0.79 (t, 3 H, J = 7 Hz), 1.62 (br s, 3 H),
1.70 (m, 2 H), 280 {t, 1 H, J = 7 Hz), 3.27 (s, 3 H), 4.56, 4.75 (2
brs, 2 H), 7.32 (m, 5 H); mass spectrum, m/e 217 (M*). Anal.
Caled for C,,H;gNO: C, 77.38; H, 8.81; N, 6.45. Found: C, 77.69;
H, 8.48; N, 6.50.

Preparation of N,N,2,2,3-Pentamethyl-3-butenamide (41b).
To a vigorously stirred solution of 2,2,6,6-tetramethylpiperidine
(0.60 mL, 5 mmol) and TMEDA (0.76 mL, 5 mmol) in THF (20
mL) cooled to ~20 °C was slowly added a solution of n-BulLi (2.5
M in hexane; 2.0 mL, 5 mmol). After being stirred at this tem-
perature for 10 min, a solution of compound 41a (0.705 g, 5 mmol)
in THF was added dropwise, and the solution was stirred at room
temperature for 0.5 h and then at 50 °C for 10 min to ensure
complete anion formation. It was then cooled to -20 °C and
treated with methyl iodide (0.48 mL, 8 mmol). The reaction
mixture was stirred at room temperature for 3 h and processed
in the normal manner to give crude material which upon dis-
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tillation gave 0.684 g (88%) of pure 41b: bp 63 °C (1.5 mm); IR
(neat) 1635 cm™; NMR (CDCl;) 6 1.35 (s, 6 H), 1.71 (s, 3 H), 2.98
(s, 6 H), 4.90 (s, 2 H); mass spectrum, m/e 155 (M*). Anal. Caled
for CoH;NO: C, 69.63; H, 11.04; N, 9.02. Found: C, 69.23; H,
10.81; N, 9.23.

Preparation of N,N,2,5-Tetramethyl-2-isopropenyl-4-
hexenamide (41c). By use of the same scale (5 mmol) and
workup conditions similar to those described for the preparation
of 41b there was obtained 0.840 g (80%) of product 41c: bp
100-102 °C (0.1 mm); IR (neat) 1635 cm™; NMR (CDCly) 4 1.28
(s, 3 H), 1.61 (s, 6 H), 1.70 (s, 3 H), 2.40 (br d, 2 H), 3.0 (s, 6 H),
4.72-5.22 (m, 3 H); mass spectrum, m/e 209 (M*). Anal. Caled
for C;3HyNO: C, 74.56; H, 11.07; N, 6.69. Found: C, 74.03; H,
10.87; N, 6.78.

Synthesis of Lavandulol (42). N,5-Dimethyl- N-phenyl-
2-isopropenyl-4-hexenamide (40b). Compound 40b was pre-
pared in 93% yield according to typical procedure A and showed
bp 104-106 °C (0.06 mm); IR (CHCl,) 1660 cm™'; NMR (CDCly)
6 1.60 (m, 9 H), 2.40 (m, 2 H), 2.95 (m, 1 H), 3.25 (s, 3 H), 4.60
(m, 2 H), 5.0 (m, 1 H), 7.20 (m, 5 H); mass spectrum, m/e (relative
intensity) 257 (M*, 16), 107 (100). Anal. Caled for C,;Hy3NO:
C, 79.38; H, 8.95; N, 5.45. Found: C, 79.42; H, 9.12; N, 5.31.

Lavandulol (42). A solution of compound 40b (514 mg, 2
mmol) in THF (10 mL) was slowly added to a THF solution of
lithium triethylborohydride (5 mL, 4.4 mmol) cooled to 0 °C. The
mixture was allowed to warm to room temperature, and stirring
was continued for 18 h. After addition of water (3 mL) and
aqueous 3 N HCl (4 mL), the reaction mixture was evaporated
to dryness in vacuo, and the residue was extracted with ether.
The extract was dried (Na,SO,) and evaporated to dryness to give
283 mg (93%) of lavandulol (42) as a sweet-smelling oil: bp 38-40
°C (0.05 mm) [lit.* bp 85-94 °C (12 mm)]; IR (CCl,) 3420, 1640,
885 cm™Y; NMR (CDCly) 6 1.60 (m, 9 H), 1.82 (s, 1 H, D0 exch),
2.10 (m, 2 H), 2.40 (m, 1 H), 3.50 (d, 2 H, J = 6 Hz), 4.80 (m, 2
H), 5.10 (m, 1 H); mass spectrum, m/e (relative intensity) 154
(M*, 4), 127 (60), 83 (41), 69 (100).

Synthesis of Piperlonguminine (43). The y-hydroxy amide
38¢ (291 mg, 1 mmol) in pyridine (4 mL) was treated with

(54) Brack, K.; Schinz, H. Helv. Chim. Acta 1951, 34, 2009.

(55) Note Added in Proof. For a further comprehensive study of
dicuprated dienolates of unsaturated carboxylic acids, see: Savu, P. M,;
Katzenellenbogen, J. A. J. Org. Chem. 1981, 46, 239.

(56) Note Added in Proof. In comparison, the aldol condensation of
a-metalated thicamides is highly diastereoselective; Tamara, Y.; Harada,
T.; Nishi, S.; Mizutani, M.; Hioki, T.; Yoshida, Z. J. Am. Chem. Soc. 1980,
102, 7806.

(57) Note Added in Proof. Savu and Katzenellenbogen® have ob-
served that addition of 0.1 equiv of Cul to the dilithiated dienolate of
tiglic acid is sufficient to effect 90% +v-alkylation. They also observed
that CuBr-SMe; gives higher y-regioselectivity than Cul. We have found
that the use of 1 or 2 equiv of CuBr-SMe, [or Cul-P(OEt);] on the dien-
olate of 15 does not significantly change the a/+v alkylation ratio from that
observed with Cul. Majewski, M.; Snieckus, V., unpublished results.
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methanesulfonyl chloride (1.5 mL, 2 mmol), and the reaction
mixture was stirred at room temperature overnight. A normal
workup provided 230 mg (84%) of piperlonguminine (43): mp
167-168 °C (lit.*® mp 166-168 °C); IR (CHCI;) 1645, 1615 cm™,;
NMR (CDCl;) 6 1.0 (d, 6 H, J = 6 Hz), 1.9 (m, 1 H), 3.3 (m, 2
H), 6.1 (s,2H),6.15(d, 1 H, J = 15 Hz), 6.7-7.1 (m, 4 H), 7.53
(dd, 1 H,J =7, 15 Hz), 7.60 (dd, 1 H, J = 7, 14 Hz).
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