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catalysts or stabilizing or activating groups. 
Condensation of a variety of 3-alkenamides with al- 

dehydes in PPE21 affords a general route to substituted 
5,6-dihydro-2(lH)-pyridinones whose stereochemistry can 
be rationalized by assuming that ( i )  such cyclizations do 
not always proceed solely, or at all, through N-acyl- 
iminium species; in certain cases, enol phosphate inter- 
mediates are involved, ( i i )  the formation of a cis-5,6-di- 
substituted-5,6-dihydro-2(lH)-pyridinone ring is the re- 
sult of a thermal 6x electrocyclic disrotatory ring-clo- 
sure,22,23 and (iii) trans-5,6-disubstituted-5,6-dihydro-2- 
(1H)-pyridinone rings are formed from the cis-isomers (or 
their reaction intermediates) by processes which involve 
a combination of enol phosphate intermediates and 
equilibration to the trans isomers (as for entries IC, Id, 
l e ,  and Ig) either by prototropic shifts or by [l,b]sig- 
matropic rearrangement of hydrogen.23 An uninvesti- 

(21) PPA was purchased from BDH Chemicals La., Poole. For a 
review on PPA see: Rowlands, D. A. In Synthetic Methods; Pizey, J. S., 
Ed.; Wiley: New York, 1985; Vol. 6. p 156. For some uses of PPE in 
synthesis, see: (a) Kanaoaka, Y.; Ban, Y.; Mayashita, K.; Iria, K.; Yo- 
nemitau, 0. Chem. Pharm. Bull. 1966,14,934. (b) Kanaoka, Y.; Sato, 
E.; Yonemitsu, 0.; Ban, Y. Tetrahedron Lett. 1964,35,2419. PPE was 
prepared as described by Cava, M. P.; Lakehmikank  Mitchell, M. J. 
J.  Org. Chem. 1969,34, 2665. 

(22) An (E)-configuration about the C=N bond has also been as- 
sumed. The thermal ring closure might also proceed through an inter- 
mediate containing an uncharged nitrogen atom in the case of R1 = H 
in Scheme 11. The precise constitution of enol phosphate intermediates 
is not currently known. 

(23) (a) Woodward, R. B.; Hoffmann, R. The Conservation of Orbital 
Symmetry; Academic Press: New York, 1970, pp 114-140. (b) Spangler, 
C. W. Chem. Reu. 1976, 76,187. (c) Mironov, V. A.; Fedorovich, A. D.; 
Akhrem, A. A. Russ. Chem. Rev. 1981,50,666. 

gated possibility is that for amide If (Table I), the 5,6- 
cis-substituents do not isomerize because the blocking 
N-methyl group precludes the possibility of a [1,5] hy- 
drogen shift. In addition to lf, the formation of a @-hy- 
droxy amide (a single diastereoisomer) is consistent with 
an acid-catalyzed aldol condensation of an enol p b p h a t e  
intermediate with benzaldehyde. A Prins reactionla to 
account, for example, for the deconjugated amide 8a 
cannot be rigorously excluded; however, @-protonation of 
intermediate 6 appears more plausible. 
2,2-Dimethyl-3-pentenamide failed to react with benz- 

aldehyde in PPE at 40 "C, presumably because enolization 
cannot occur. PPE evidently favors the formation of enol 
phosphates, and hence bladams via 6x ring cloeure, unless 
steric factors prevent coplanarity of the substituents. 
Thus, condensation of (E)-N-benzyl-3-pentenamide with 
benzaldehyde in PPE (35 OC, 24 h) gave exclusively the 
N-benzyl derivative (52 ?% ) of the indano-fused ylactam 
previously obtained from a condensation in PPA." A 
medium of PPA or MeSOSH-P2O5 generally favors the 
formation of the 7-lactam, presumably via N-acyliminium 
cations. However, where this mode would proceed via a 
primary cartmation, the alternative ring cloeure operates 
to give a blactam, e.g, la. Thus, the size of the lactam ring 
can be controlled exclusively by selection of the acidic 
medium. In no case studied here was a mixture of y- and 
6-lactams isolated. 

In summary, efficient, highly stereocontrolled one-pot 
syntheses of substituted unsaturated 6-lactams by the 
condensation of 3-alkenamides with aldehydes in media 
of phosphoric acids or esters, principally PPE, have been 
demonstrated. Condensations proceed under mild con- 
ditions and can be effected in multigram quantities; ac- 
tivating or stabilizing groups are not required. The re- 
action medium can critically determine whether a ylac- 
tam'' or a 6-lactam is formed. Pathways and synthetic 
applications are under investigation. 
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Summary: The palladium-catalyzed coupling of acid 
chlorides with (E)- 1,2-bis(tri-n-butylstannyl)ethene or 
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8-stannyl enones gives butane-1,4-diones directly by re- 
duction of the intermediate enedicarbonyl derivative by 
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a palladium hydride derived from n-Bu3SnCl. 

Communications 

Table I. Palladium-Catalyeed Coupling of Acid Chlorides 
with Stannaries' 

entry acid chloride stannane product yield ( 0 1 0 )  1,rl-Diketones are important intermediates for the syn- 
thesis of cyclopentenones and heterocyclic compounds such 
as furans, pyrroles, thiophenes, and ~yridazines.2~ Their 
syntheses have been carried out by a variety of meth- 
o d ~ , 2 - ~ * ~  including the benzoin condensation between al- 
dehydes and Michael acceptors catalyzed by cyanide or 
thiazolium ~ a l t s . ~ ~ ~ 9 '  

The acylation of organostannanes by acid chlorides in 
the presence of palladium catalyst gives ketones in a 
general The corresponding reaction with alkenyl 
stannanes yields a,fl-unsaturated ketones in moderate to 
good yields.lOJ1 On the other hand, couplings of organic 
electrophiles with (E)-1,2-bis(tri-n-butylstannyl)ethene 
(1)12 can yield either the or the dicoupled14 de- 
rivative depending on the reaction conditions. In this 
paper we report the development of a new method for the 
synthesis of butane-l,Mones by reaction of acid chlorides 
with (E)-1,2-bis(tri-n-butyIstannyl)ethene (1) catalyzed by 
palladium complexes. This synthetic method can also be 
applied to the preparation of unsymmetrical derivatives 
by using fl-stannyl enones in the coupling process (Scheme 
I). In this context, stannane 1 behaves as a synthetic 
equivalent for the ethane 1,2-dianion.16 

The reaction of benzoyl chloride and 3-furoyl chloride 
with stannane 1 (1 equiv) in the presence of Pd(PPh3)4 
catalyst in 1,4-dioxane under reflux for 1-2 h yielded 8- 
stannyl enones 3 (27% yield) and 4 (35% yield), respec- 
tively. Stannane 2 was better prepared by acetylation of 
1 (acetyl chloride, AlC13) by a known procedure.16 When 
the coupling reaction of benzoyl chloride and 1 (0.5 equiv) 
was performed for 2-3 h, 5 was obtained in 2532% yield. 
Similarly, reaction of stannane 3 with acetyl chloride gave 
6 (86%), and stannane 2 reacted with 3-furoyl chloride to 
give 7 (93%). Surprisingly, longer reaction times led to 
butane-l,6dione derivatives resulting from a reduction of 
doubly conjugated olefin (Table I). This reduction allows 
for the preparation, in a single step, of both symmetrical 
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MeCOCl 4 (1) Present address: Departamento de Quimica, Universidad 
Autdnoma de Madrid, Cantoblanco, 28049 Madrid, Spain. 

(2) Ellison, R. A. Synthesis 1973,397. 
(3) Ho, T.-L. Polarity Control for Synthesis; Wiley: New York, 1991; 

Chapter 7. 
(4) Stetter, H.; Kuhlmann, H. Org. React. 1991, 40, 407. 
(5) For recent references, see: (a) Lu, X.; Ji, J.; Ma, D.; Shen, W. J. 

Org. Chem. 1991,56,5774. (b) Motoyoehiya, J.; Hongo, Y.; Tanaka, H.; 
Hayashi, S. Synth. Commun. 1991,21,997. (c) Freeman, F.; Kim, D. S. 
H. L.; Rodriguez, E. J. Org. Chem. 1992,57, 1722. 

(6) Haeener, A.; Rai, K. M. L. In Comprehensiue Organic Synthesis; 
Trost, B. M., Fleming, I., W.; Pergamon: Oxford, 1991; Vol. 1, Chapter 
2.4. 

(7) For the synthesis of symmetrical l,4-diketones, see: Stetter, H.; 
Bender, H.-J. Chem. Ber. 1981, 114, 1226. 

(8) Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986,25,508. 
(9) ONeill, B. T. In Comprehensiue Organic Synthesis; Troet, B. M., 

Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 1, Chapter 1.13, pp 
436-448. 

(10) For recent lead references, see: (a) Crisp, G. T.; Bubner, T. P. 
Synth. Commun. 1990,20, 1665. (b) Baldwin, J. E.; Adlington, R. M.; 
Rnmcharitar, S.  H. J. Chem. SOC., Chem. Commun. 1991, 940. (c) 
Verlhac, J.-P.; Pereyre, M.; Shin, H. A. Organometallics 1991,10,3007. 

(11) For related reactions, see: (a) Balas, L.; Jouwaume, B.; Shin, H.; 
Verlhac, J.-P.; Wallian, F. Organometallics 1991,10,366. (b) Kobayashi, 
T.; Sakakura, T.; Tanaka, M. Tetrahedron Lett. 1985,26, 3463. 

(12) Renaldo, A. F.; Labadie, J. W.; Stille, J. K. Org. Synth. 1988,67, 
86. 

(13) Haack, R. A.; Penning, T. D.; Djuric, S. W.; Dziuba, J. A. Tetra- 
hedron Lett. 1988,29,2783. 

(14) Zimmermann, E. K.; Stille, J. K. Macromolecules 1985,18,321. 
(15) (a) For the preparation of 1,2-dilithioethane, see: Eikema Hom- 

mea, N. J. R.; Bickelhaupt, F.; Klumpp, G. W. Angew. Chem., Int. Ed. 
Engl. 1988,27,1083. (b) For a review on di-Grignard compounds, see: 
Bickelhaupt, F. Angew. Chem., Int. Ed. Engl. 1987,26,990. 

(16) Johnson, C. R.; Kadow, J. F. J. Org. Chem. 1987,52, 1493. 
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(entries 1-3) and unsymmetrical 1,4-diketones (entries 
4-12) by coupling of acid chlorides with distannane 1 or 
8-stannyl enones 2-4. The couplings proceed in moderate 
to excellent yields with a variety of acid chlorides in the 
presence of Pd(PPh3)4 in 1,4-dioxane under reflux for 
23-30 h." Noteworthy, cu,D-unsaturated acid chlorides 
(entries 1, 4, 5, and 10) yielded cu,&unsaturated-l,4-di- 
ketones in which the olefin conjugated with a single car- 
bonyl group is not reduced under the reaction conditions.18 
This reaction was applied to the synthesis of the naturally 
occurring ipomeanine (14)19 (Table I, entries 8 and 11) in 
a single step from readily available starting materials. 

Noteworthy, 1,4-diphenyl-2-butene-l,4-dione (5) could 
be reduced to 9 by n-Bu3SnCl, the byproduct of the cou- 
pling reaction, in the presence of several palladium cata- 
lysts (refluxing dioxane).20 Hence, Pd(PPh3)4, Pd- 

(MeCN)&12, Pd2(dba)4 + PPh3 (2-4 equiv), and Pd,(dba), + PCy, (2 equivIz1 gave similar results, while Pd2(dba)4, 

(PPh3)& (PhCHz)Pd(PPh,)&l, Pd(dppf)Clz, Pd- 

(17) General procedure: A mixture of acid chloride (1 mmol), stannane 
2-4 (1 "01) and Pd(PPh3)4 (0.05 "01) in 1,4-dioxane (7 mL) WBB 
heated under reflux for 23-30 h (Ar atmosphere). For the double cou- 
plinge of entries 1-3,0.5 mmol of 1 and 0.1 mmol of Pd(PPhJ4 were used. 
After being cooled to room temperature, the mixture WBB partitioned 
between EtOAc and aqueoua NaHC03 (5%). The organic extract was 
washed with aqueous HCl(l.2 M), dried (NGO,), and evaporated. The 
reaidue waa chromatographed to yield the 1,4diketones. Treatment with 
aqueous HCl waa omitted with the fury1 derivatives. All compounds have 
been fully characterized spectroscopically. Known compounds gave 
satisfactory physical data. (a) 5 Lutz, R. E. Organic Syntheses; Wiley: 
New York, 1955; Collect. Vol. 111, p 248. (b) 6 Mayring, L.; Severin, T. 
Chem. Ber. 1981,114,3863. (c) 8: ref 4. (d) 9 ref 5c. (e) 1 0  Ito, Y.; 
Konoike, T.; Harada, T.; Saegusa, T. J. Am. Chem. SOC. 1977,99,1487. 
(f) 11: ref 4. (g) 1 2  Stetter, H.; Hilboll, G.; Kuhlmann, H. Chem. Ber. 
1979,112,84. (h) 13: ref 5b. (i) 1 4  ref 19. c j )  1 5  Schulz, G.; Gruber, 
P.; Steglich, W. Chem. Ber. 1979,112, 3221. (k) 16: ref 17g. 

(18) However, small amounts of 7-phenylheptane-2,5-dione were ob- 
served in the reaction of cinnamoyl chloride with stannane 2 (Table I, 
entry 5). 

(19) Previous syntheses: (a) Kubota, T. Tetrahedron 1958,4,68. (b) 
Watanabe, E.; Imai, N.; Inomata, K.; Kinoshita, H.; Kotake, H. Bull. 
Chem. SOC. Jpn. 1982,55,3225. (c) Dimitriadie, E.; Massy-Weetropp, R. 
A. Phytochemistry 1984, 23, 1325. (d) Liu, W. H.; Wu, H. J. J. Chin. 
Chem. SOC. 1988,35, 241; Chem. Abstr. 1989,110,94846~. 

(20) Similarly, dimethyl acetylenedicarboxylate rea& with n-BudnC1 
in the presence of Pd(PPhs), to give a mixture of dimethyl fumarate and 
dimethyl succinate. Maleic anhydride gave succinic anhydride under 
these reaction conditions. 

(21) dba = dibenzylideneacetone; dppf = 1,l'-bis(dipheny1- 
phosphin0)ferrocene. 
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Ni(PPh3),C12, and Ni(CO)2(PPh3)2 were ineffective. When 
the reduction of 5 to 9 was performed with n-Bu3SnC1 (1-2 
equiv) and Pd(PPh3)( or Pd(PPh,),Cl, as the catdyeta in 
CDCl, at 90 "C (sealed tube), a mixture of 1- and 2-butenee 
(cis and trans isomers)22 and n-Bu2SnC12 were also ob- 
served by 'H and 13C Furthermore, almost clean 
conversion of n-Bu3SnC1 to n-Bu2SnC12 and butenes was 
also observed in CDC13 at 90 "C (Pd(PPh3I4 or Pd- 
(PPh3)2C12 as the catalysts).2h*c These experiments in- 
dicate that n-Bu3SnC1 reacts with the palladium catalyet 
to give a n-butylpalladium intermediate, which undergoes 
&hydride elimination to yield 1-butene and a palladium 
hydride. Accordingly, no reduction of 5 with Me3SnCl was 
observed under the same reaction conditions. Further 
studies on the mechanism of this process as well as ap- 
plication to the synthesis of unsymmetrically substituted 
pyrrolidines are in progress. 
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(22) The 1-butene waa completely isomerized to a mixture of cis- and 
trans-2-butenes after 12 h. 

(23) (a) No n-BuSnClS waa detected in these reactions. Cleaner con- 
version into n-Bu&InCl2 waa obtained in the presence of LiCl. (b) (n- 
B U ~ S ~ ) ~  waa also observed by GC-MS analyeis of the reaction mixture. 
(c) Additionally, d amounta of uncharacterized materials were ale0 
formed in these experiments. 
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Summary: Di-(-)-menthylnona-2,7-diene-1,9-dioate (1) is 
converted to (-)-menthyl 3(S)-(N-benzylamino)-2(S)- 
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(-)-menthoxycarbonyl)-l(~-~clohexane-l(2) with 
high diaatereoselectivity upon treatment with the amide 
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