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Copper-catalyzed intramolecular vinylation of iodoenamides were investigated for the first time. With Cul as the catalyst and N,N'-
dimethylethylenediamine as the ligand, a number of iodoenamides underwent cyclization in dioxane leading to the formations of five- to
seven-membered lactams in moderate to excellent yields.

Lactams are of considerable interest in a number of areasprovide a facile route for the synthesis of lactams of various
ranging from drug discovery to polymer industry. Prepara- ring sizes. However, to our surprise, such a process had never
tions of lactams have long been an important topic in organic previously been reported in the literature. Only a few
chemistry and continue to be actively pursdede report examples of the palladium-catalyzed intramolecular vinyla-
here that the copper-catalyzed intramolecular vinylation of tion of amides were reported, which led to the formation of
amides provides an efficient and general entry to five- to cyclic amines rather than lactafhi®ue to the importance
seven-membered lactams. of lactams in organic synthesis, we carried out the following

The formation of aryl _C_X bonds (X: O, S_’ N, etc.) via (3) For the latest examples, see: (a) Klapars, A.; Parris, S.; Anderson,
copper-catalyzed coupling between aryl halides and hetero-k. w.; Buchwald, S. LJ. Am. Chem. So£004,126, 3529. (b) Antilla, J.

centered nucleophiles has drawn a great deal of attention inC.; Baskin, J. M.; Barder, T. E.; Buchwald, S. 1. Org. Chem2004,69,
23 . . 5578. (c) Son, S. U; Park, I. K.; Park, J.; HyeonChem. Commur2004,
the past few years? The high stability and low costs of 778 (d)'cristau, H.-.; Cellier, P. P.: Spimdler, J.-F.; Taillefer,BMr. J.

copper catalysts enable these transformations to be a usefu'elrg.'vI CT]%mZQ%& 3?5,5' (le) I;ggiei{léfgeh, E._; Ta|j<be:I(<hSShH_M.;5\Ac%hanerani,
H H . H .; Mehdinejad, H.Synlett , . m, K.-Y.; im, J.-1.; Lee,
complement to the more extensively mvestlgated palladium- K.S.: Cho, JC._G.Tet}’ahedmn Lettzoozg,f)45, 117, (g) Nandakumar, M.
catalyzed processédvore recently, this methodology was V. Tetrahedron Lett2004,45, 1989. (h) Deng, W.; Wang, Y.-F.; Zou, Y.;
i i Liu, L.; Guo, Q.-X.Tetrahedron Lett2004,45, 2311. (i) Li, C. S.; Dixon,
SUCCPfSSfu"y e,Xtend,ed ?0 the . synthe3|s of e”‘?‘m'des byD. D. Tetrahedron Lett2004,45, 4257. (j) Taniguchi, N.; Onami, .
coupling of amides with vinyl halideslt could be envisioned  org. chem2004,69, 915.

that, if the vinylation could proceed intramolecularly, it might _ (4) For reviews, see: (a) Muci, A. R.; Buchwald, S.Tlop. Curr. Chem.
2002, 219, 131. (b) Hartwig, J. F. IrHandbook of Organopalladium

Chemistry for Organic Synthesiblegichi, E.-i., Ed.; Wiley: New York,

(1) For recent review articles, see: (a) Nubbemeyef,dp. Curr. Chem. 2002; Vol. 1, p 1051. (c) Littke, A. F.; Fu, G. @ngew. Chem., Int. Ed.
2001,216, 125. (b) Groaning, M. D.; Meyers, A.Tetrahedror2000,56, 2002,41, 4176. (d) Prim, D.; Campagne, J. M.; Joseph, D.; Andrioletti, B.
9843. (c) Shiraki, R.; Tadano, K.-Rewv. Heteroat. Cheni999, 20, 283. Tetrahedror2002,58, 2041. (e) Yang, B. Y.; Buchwald, S. IL. Organomet.
(d) Robin, S.; Rousseau, Getrahedron1998,54, 13681. (e) Ley, S. V.; Chem. 1999, 576, 125. (f) Wolfe, J. P.; Wagaw, S.; Marcoux, J. F;
Cox, L. R.; Meek, GChem. Rev1996,96, 423. Buchwald, S. LAcc. Chem. Red.998,31, 805. (g) Hartwig, J. FAngew.

(2) For reviews, see: (a) Kunz, K.; Scholz, U.; GanzersSknlett2003, Chem., Int. Ed1998,37, 2046. (h) Hartwig, J. FAcc. Chem. Re4.998,
2428. (b) Ley, S. V.; Thomas, A. WAngew. Chem., Int. EQ003 42, 5400. 31, 852.
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investigation to explore the scope and limitation of this || GGG

possible methodology. Table 2. Synthesis of Lactam8a—k

cul yield
Cul (20 mol%) 0 entry substrate (Mol%)? product (%)
NHPh  Ligand (40 mol%) I _ph
| (o} base / solvent = 7 .Ph
1a 2a 1 r\/\g 10 N 91
1a # 2a
N = o 0
Me2NCH2002H-HCI (/ MtN HO NH2 _Ph
3 4 5 2 /\/\)L NHPh 10 N 86
: 1b 2b
OH 0 (0]
/ 3 _\ @_//NOH MeHN  NHMe 3 (\/\)J\NHz 20 NH 44°
NN 8 I Y
6 7 1c 2c
o] o)
Thus, we prepared (Z)-5-iodo-N-phenylpent-4-enamide 4 (\/\)J\H/ 20 N~ 14
(1a) as the prototypical substrate to screen the experimental I
conditions (eq 1). The substrate concentration was set at 0.03 1d o 2d
M for ease of comparison. The results are summarized in ' o
Table 1. As the use of an appropriate ligand would allow a 5 MNHPh 10 N~ 95
0 1e 2e
o]
! o Ph
Table 1. Optimization of Experimental Conditions fdma 6 }\/\)LNHPh 10 N 86
entry ligand base solvent  temp. (°C) yield (%)* 1
2
1 none Cs;CO;  dioxane 100 0 | o o
PP NH
2 3  Cs,CO;  dioxane 100 90 7 NHy 20 P 86
19 29
3 4 Cs,CO;  dioxane 100 67 | o
Ph
4 5  CsCO;  dioxane 100 26 8 /\/VWN”P“ 20 N 73
o]
5 6 Cs,CO; dioxane 100 86 1h 2h
0
I
6 7 Cs,CO dioxane 100 9
(. 9 /\/WNHZ 20 /NH 46
7 8  Cs,CO; dioxane 100 98 ° . ”
8 8 K CO; dioxane 100 80 0
‘ 10 I NHPh 20 83
9 8 K3PO,  dioxane 100 82 . N9
1 Pho
j
10 8 Cs,CO; THF 68° 5 o
11 8 CsC0; CHCN 82° 9 11 W NH, 20 (;(Q 45
1K H O
12 8 Cs;CO3  dioxane 80 trace 2k

alsolated yield based oha. P Refluxing temperature.

aReaction conditions: substrate (0.03 M), Guk: 1:2, C3CO;3 (2 equiv),
dioxane, reflux, 20 h? Isolated yield based ob. ¢ Compoundd was also
obtained in 25% vyield.

mild procedure for the €N bond formations$,we carried

out an initial ligand screen with Cul (20 mol %) as the base was switched to,KO; or K3PQ,, the product yield
catalyst and G£0O; (2 equiv) as the base in dioxane at re- was lowered (entries 8 and 9, Table 1). Changing the solvent
fluxing temperature. To our delight, among the six frequently to THF or CHCN also gave very low yields of product
used ligands3—8) examinedN,N'-dimethylethylenediamine  probably because their boiling points were not high enough
(8) gave the best result (entries-71, Table 1). When the  (entries 10 and 11, Table 1). This was evidenced by running
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the reaction in dioxane at 8, which gave only a trace
amount of2a (entry 12, Table 1). Reducing the amount of
Cul to 10 mol % afforde@ain a slightly lower yield (91%).
The above trend was also observed when we uggdb-(

these could be easily prepared from the corresponding
alkynes by reaction with TMSCI/N&lICompoundle gave

the corresponding-lactam2e in almost quantitative yield
(entry 5, Table 1). Moreover, the reactions of substrafes

iodohex-5-enamide (1c) as the model substrate. Thus, weandl1h led to the formation ob-lactam2f and caprolactam
concluded that the optimized combination for this reaction 2h with an exocyclic double bond in high yield (entries 6

was to use dioxane as the solvent,@3; as the base, and
N,N’-dimethylethylenediamin@ as the ligand.

and 8, Table 2). In comparison, their N-unsubstituted
analogued g andli gave lactam®g and?2i in 86 and 46%

We then synthesized a number of iodoenamides to exploreyields, respectively, probably because the expected products

the scope of intramolecular vinylation under the optimized

with an exocyclic double bond were less stable tRawr

conditions. The amount of Cul used was either 10 or 20 mol 2h and underwent isomerization under the experimental
%, depending on the ease of cyclization. The results areconditions (entries 7 and 9, Table 2).

summarized in Table 2.

As an extension, we synthesized iodoenamijemnd 1k

As illustrated in Table 2, we first tested the substrates and subjected them to the same experimental conditions as
la—d with terminal (Z)-vinylic iodine substitution, which  above. Bicyclic compounddj and2k were achieved in 83
were readily prepared from the corresponding alkynes by and 45% yields, respectively (entries 10 and 11, Table 2).
reaction with BuLi/b’ followed by reduction with TSNHNB This result illustrated the potential application of the above
NaOAc? The corresponding six- and seven-membered lac- methodology in natural product synthesis because the bicyclic
tams with an internal double bond could be achieved (entriesbenzazepine skeleton is widely embedded in a number of

1-4, Table 2). TheéN-phenyl-substituted substrate gave

the seven-membered lactagb in excellent yield. With

N-unsubstituted substrate, the expected product, caprolac-
tam 2c, was obtained in moderate yield along with the 14-
membered lactarin 25% yield, whose structure was unam-
biguously established by its X-ray diffraction analysis (Figure
1). Compoundd apparently resulted from the bimolecular

Figure 1. ORTEP drawings of compoundsand13.

reaction oflc. For N-methyl-substituted substrafal, the
cyclized productd was isolated in only 14% vyield, while

alkaloids such as Stenidg.
o] —
" (\Mi L
= NHPh M
HN | 4 5 NHPh
0 10 11
9

Our attempt to further extend the methodology to the
synthesis of eight-membered lactams via the reaction of
substratelO or 11 was unsuccessful under the optimized
experimental conditions.

The above results clearly demonstrated that the Cu(l)-
catalyzed intramolecular vinylation of iodoenamides is a
viable method for the synthesis of lactams. The intramo-
lecular vinylation also showed a different reactivity pattern
from that of the intermolecular vinylation. As reported by
Buchwald et al., the coupling of acetamide with ordinary
vinyl iodides with CsCQO; as the base and diami@eas the
ligand proceeded in high efficiency at 8C or even at room
temperaturé? In contrast, the cyclization of iodoenamides
la—k required reaction temperatures higher than°g0
While the intermolecular amidation of vinyl bromides worked
well in dioxane withN,N-dimethylglycine HCI salB as the
additive®" bromoenamides are unlikely to be a good choice

(6) (a) Kozawa, Y.; Mori, M.Tetrahedron Lett.2002, 43, 111. (b)
Kozawa, K.; Mori, M.J. Org. Chem2003,68, 3064. (c) Willis, M. C.;

most of the starting material remained unchanged. This trendgrace, G. N.; Holmes, I. PAngew. Chem., Int. E®005, 44, 403.

(Ph> H > Me) might probably be attributed to the different

basicities of the nucleophiles (NH) in the starting amides.

We next screened the substrafes—k having an iodine
substituent on the internal side of the=C double bond;

(5) () Ogawa, T.; Kiji, T.; Hayami, K.; Suzuki, HChem. Lett1991,
1443. (b) Shen, R.; Porco, J. A., Org. Lett.2000,2, 1333. (c) Shen, R;
Lin, C. T.; Porco, J. A., JrJ. Am. Chem. So2002,124, 5650. (d) Jiang,
L.; Job, G. E.; Klapars, A.; Buchald, S. Org. Lett.2003,5, 3667. (e)
Wang, X.; Porco, J. A., Jd. Am. Chem. So2003,125, 6040. (f) Han, C.;
Shen, R.; Su, S.; Porco, J. A., Drg. Lett.2004,6, 27. (g) Coleman, R.
S.; Liu, P.-H.Org. Lett.2004,6, 577. (h) Pan, X.; Cai, Q.; Ma, DDrg.
Lett. 2004,6, 1809.

Org. Lett, Vol. 7, No. 10, 2005

(7) Cossy, J.; Tresnard, L.; Pardo, D. Bur. J. Org. Chem1943,8,

(8) Coleman, R. S.; Garg, FOrg. Lett.2001,3, 3487.

(9) Gras, J.; Kong, W. C.; You, Y.; Bertrand, Nletrahedron Lett1982
23, 3571.

(10) (a) Wipf, P.; Rector, S. R.; Takahashi, HAm. Chem. So2002,
124, 14848. (b) Morimoto, Y.; lwahashi, M.; Kinoshita, T.; Nishida, K.
Chem. Eur. J2001,7, 4107. (c) Righy, J. H.; Laurent, S.; Cavezza, A.;
Heeg, M. JJ. Org. Chem1998 63, 5587. (d) Wipf, P.; Kim, Y.; Goldstein,
D. M. J. Am. Chem. So@995 117, 11106. (e) Harada, H.; Irie, H.; Masaki,
N.; Osaki, K.; Uyeo, SChem. Commurl967, 460.

(11) Relatively low concentration is necessary for cyclization in some
cases. For example, the reactionlafat 0.5 M concentration afforded the
expected produc®c in only 14% yield along with the formation of the
dimer9 in 55% vyield.
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of substrate for intramolecular vinylation. For example,
5-bromoN-phenylhex-5-enamide, the bromo analoguéfof
gave only 14% yield of the cyclized produ2f under the

optimized conditions. An obvious reason for these differences
is that the intramolecular reactions operate at low concentra-

tions in order to avoid the competing intermolecular reac-
tions}! while intermolecular couplings are run at high
concentrations (such as 1 MMore importantly, the steric
requirement could play a key role in the intramolecular
vinylation of amides. This is further exemplified by the
reaction of iodoenamid&2 shown in eq 2. Treatment 42
with Cul and diamine8 in dioxane (0.03 M) at refluxing
temperature for 4 h afforded the 14-membered laci&n
exclusively in 86% vyield rather than the expected caprolac-
tam!? The X-ray structure ofl3 is presented in Figure 1.
The formation ofl3and9 are particularly interesting, which
indicates that this method might be applied to the efficient
synthesis of certain macrocyclic lactams.

In conclusion, we have developed a mild and efficient
protocol for the copper-catalyzed intramolecular coupling of

(12) When a catalytic amount of Cul (10 mol %) was employed, only a
trace amount o013 could be detected along with unidentified decomposition
products, probably becausk8 was not very stable under the reaction
conditions for a prolonged time. An alternative explanation might be that
Cu(l) acted as a chelating template for the formatiorL®f

2038

Cul (100 mol%) O

8 (200 mol%) r\%\ o)
(Eq2)
O HN

dioxane
reflux, 4 h

|
/‘\/OWNHZ -
o
12 0
13 (86%)

iodoenamides, allowing the convenient preparations of five-,
six-, and seven-memberddvinylic lactams. In addition,
macrocyclic lactams (such d8) can also be achieved via
this method, which should be of important application in
organic synthesis.

Acknowledgment. This project was supported by the
National Natural Science Foundation of China (Nos. 20325207
and 20472109) and by the Shanghai Municipal Scientific
Committee (No. 04QMH1418).

Supporting Information Available: Synthesis and char-
acterizations of compoundka—k, 2a—k, 12, and13 and
X-ray crystal data o8 and13in CIF format. This material
is available free of charge via the Internet at http:/pubs.acs.org.

OL0505555

Org. Lett, Vol. 7, No. 10, 2005



