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B- alkynylpropananndes 1 to y-alkylidene-y-butyrolactames 2 (and 3— ) as
Reactions of B-alkynylamides 1lc-h, possessing alkyl groups at th
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Abstract. A veneral method for the base-catalized intramolecular cyclization of

The intramolecular addition of nitrogen nucleophiles to acetylenic triple bonds, giving rise to a variety of
N-heterocycles, is of importance in organic synthesis”. In many cases, the synthesis of cyclic amines from
alkynylamines (or amides) has been conducted using bases” or transition metals”. Many indoles have also been
obtained in this manner”. Little study has been directed to the synthesis of lactams by the intramolecular
cyclization of alkynylamides: e.g., Bu,NF- or LiAl(NHBn),-catalyzed cyclization of alkynylamides”,
cyclization of -phenylseleno-substituted alkynylamides by ButOK-18-crown-6”, or the synthesis of
1,3-oxazolidine-2-ones by base-catalyzed cyclization of alkynylcarbamates in the presence of Ag-, Cu-salt or
Pd”. In the case of P-alkynylamides (e.g.1¢-h) possessing alkyl groups at terminal acetylenes, no such

cyclization has been reported. The intramolecular cyclization of o-alkynylbenzamide by Et.N in the presence of
Ag,CO, was previously shown to afford a mixture of lactam and iminolactone (ratio 1:1) but when conducted
AAAAA AT/ LD  TEYTD abin Vodoien memammimmiimd ssimoe mltnimad seadarrieartlod) T sl e $hion o

with LIN(TMS), in THF ihe lactam compound was obtained predominantly . The authors thus sought

establish a general method for the base-catalyzed intramolecular cyclization of B-alkynylamides (R = H, Ar,
alkyl)” and the results summarized in Table 1 are discussed in the following.

By the above method (i.e., LIN(TMS), in THF at 66°C for 18 h)gj , the cyclization of aryl-substituted
alkynylamide 1a was conducted to provide moderate yield of 2a and 3a (Run 1). When done in DMF, the
yield increased but product isolation from DMF was tedius (Run 4). KN(TMS), / 18-crown-6 in THF at
room temperature gave the best results (Run 3). With 1b having a bulky N-substituted group, LiN(TMS),
treatment alone in DMF at 60°C afforded 3b predominantly as the thermodynamically stable product (Run 6).

Under these conditions or using bases in the presence of phase-transfer-catalyst or absence, alkyl-substituted

alkynylamide 1 ¢ could make no progress (Run 7). With the catalytic LIN(TMS), / AgOTf (= 2:1) system in
N 10, 1) P2y oy Y TY FaSY .
toluene ™ ', the cyclization of 1 ¢ proceeded more efficiently (Run 8). THF or DME instead of toluenc as the

solvent had no significant effect (Run 10). This catalytic system used with various alkyl-substituted
alkynylamides (R'= chloropropyl, dodecyl, H: 1g, 1h, 1i, respectively) or alkynylamides having bulky

10, 12)

N-substituted alkyl groups (1d, 1e, 1f) led to satisfactory yields and stereoselectivity (Runs 9, 11-15)
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Table 1. Intramolecular Cyclization of B-Alkynylpropanamides to rAlkylidene-y-butyrolactams Unde
Basic Conditions.
o 1
| basic conditions N as R\’,,.\ Ye
/\/\N_RZ ( \ + N 0
I '
Nl R R2
la-i 2a-i 3a-i
Yield (%)? and
Run Alkynylamide 1a-i Base Additive  Solvent ~ Temp. Time [Isomer Ratio
R!, R? (eq) (eq) (°C) (h) (2:3)°
1 la:R'=p-methoxyphenyl ~ LHMDS - THF 66 18 42 (85:195)
R2=m-methoxybenzyl (1.0)
2 1la: n-BuLi --- THF 0-66 10 8 ---
(1.0)
3 la KHMDS 18-crown-6 THF r.t. 3 71 (64:36)
(0.5) (0.4)
4 1a LHMDS DMF  60-65 3 64 (55:45)
1.0)
5 la: LHMDS AgOTf THF 6570 3 85 (9:4)
(0.3) 0.15)
6 1b: Ri=p-methoxyphenyl LHMDS --- DMF 60-65 3 67 (12:88)
R2=CH(Ph)CH,OTBS (B (1.0)
7 1c:R'=CHy KHMDS [8-crown-6 THF r.t.-60 18 0 -
R2=m-methoxybenzyl (0.3) {6.3)
8 1lc LHMDS AgOTf toluene  65-70 3 89 (100:0)
(0.3) (0.15)
9 1d:R'=CH; LHMDS  AgOTf toluene  65-70 3 89 (100:0)
R2=CH(Ph)CH; (5) (0.3) (0.15)
10 14 LHMDS  AgOTf THF 66 18 46 (100:0)
(0.3) (0.15)
11 le:R'=CH LHMDS  AgOTf  toluene  65-70 3 88 (100:0)
R2=CH(Ph)CH,0CH3 (R)  (0.3) (0.15)
12 1f:R'=CH, LHMDS  AgOTf toluene  65-70 4 85 (100:0)
RZ=CH(PR)CH,0—/(®)  (0.3) (0.15)
13 1g:R'=n-C3HeCl LHMDS  AgOTf toluene  65-70 3 84 (100:0)
R2=m-methoxybenzyl 0.3) (0.15)
14 1h:R'=n-CjH,s LHMDS  AgOTf toluene  65-70 4 89 (100:0)
R%=m-methoxybenzyl (0.3) (0.15)
15 1li:R'=H LHMDS AgOTf toluene 65-70 3 86 ---
R %=m-methoxybenzyl 0.3) (0.15)
a1solated vield aft nrification hy ~silicacel column ® Determined based on 1 NMR spectra
yivia LIV L7 INIRTOIUVGEy v P
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5). However, this method with 5-hexynamide faiied to bring about 6-membered ring formation. Compound Z
was found to have the Z-form structure by NOE'", as was also supported by examination of the isomerization
of 2 to thermodynamically stable product 3 (E-form) in CDCI, for several hours'® or on standing at room
temperature for 2~3 days.

The reaction mechanism for the present cyclization remains to be clarified. The LIN(TMS), / AgOTf (=
1:1) system in toluene gave no product, thus suggesting the mechanism in scheme 1. Reaction of 1 with

silver- and lithium-amides, prepared from a mixture of 1 eq AgOTf and 2 eq LiN(TMS),, produced

G

hic-metallated r‘nmnlnv A which nnderwent frang-aminometallation to \nnulmprq] gtr}er‘lvs 5’ followed by the

protonolysis of § to 2. However, the cyclization of 5-hexynamide to -valerolactam under the same

condiiions faiied io occur, ihe reasons for which, at present, are not undersiood.

Scheme 1 AgOTS + 2LIN(TMS),

(TMS)oNAg
9 AgN(TMS), * If'N TMS), + LiOTf H“’f’\f/\ thg] r—)k
%Ale“RQ gN(TMS); - LIN(TMS); + LIOTE R“Nﬁ) _>>/LN 0O _» »
. H LYo R' R?
1 4 5

The authors have thus established a new method for the efficient intramolecular cyclization of

R-alkvnvlamides 10 'v-alkvlidenelacmms, It is naﬂicularlv .ql nificant that al_kv!-subgtimtgd al_kyn_yla_m_idcs by

the catalytic LIN(TMS), / AgOTT system could efficiently undergo intramolecular cyclization to produce

didnmnalontnsns Tha albrwlidamaloatorm Aahtnimnad it o..--.nnn # otirder chhoavibd smensia vioa
au\yuucucna\,uuua 1HC alny HUTHCIA WAL Uall iCa ux uie pi LOLUUY SHUUIU PIUVve Uust

o.-substituied pyrrt oiidine derivaiives.

References and Notes

1. a) March, J. Advanced Organic Chemistry, 4th ed.; J. Wiley & Sons: New York, 1992; pp 768-770. b)
Utimoto, K. Yuki Gousei Kagaku Kyokaishi 1987, 45, 112-122.

2. a) Utimoto, K. Pure Appl Chem. 1983, 55, 1845-1852. b) Tokuda, M.; Fujita, H.; Nitta, M,;
Suginome, H. Heterocycles 1996, 42, 385-395. c¢) Tokuda, M.; Fujita, H.; Suginome, H. Tetrahedron
Lett. 1990, 31, 5353-5356.

3. a) For the hydroamination of alkynylamine, sec: Li, Y.; Marks, T.J. J. Am. Chem. Soc. 1996, 118,
9295-9306, and references therein. b) Luo, F-T.; Wang, R-T. Tetrahedron Lett. 1992, 33, 6835-6838.
¢) Tamaru, Y.; Kimura, M. Synlett 1997, 749-757. d) Fukuda, Y.; Matsubara, S.; Utimoto, K. J. Org.
Chem. 1991, 56, 5812-5816. ¢) Fukuda, Y.; Utimoto, K.; Nozaki, H. Heterocycles 1987, 25,
297-300.

4. a) Wensbo, D.; Eriksson, A.; Jeschke, T.; Annby, U.; Gronowitz, S. Tetrahedron Letr. 1993, 34,
2823-2826. b) Arcadi, A.; Cacchi, S.; Carnicelli, V.; Marinelli, F. Tetrahedron 1994, 50, 437-452. ¢)
Larock, R.C.; Yum, E.XK.; J. Am. Chem. Soc. 1991, 113, 6689-6690. d) Sakamoto, T.; Kondo, Y.;
Iwashita, S.; Nagano, T.; Yamanaka, H. Chem. Pharm. Bull. 1988, 36, 1305-1308.

5. a) Jacobi, P.A.; Brielmann, H.L..; Hauck, S.I. J. Org. Chem. 1996, 61, 5013-5023. b) Jacobi, P.A_;
Rajeswari, S. Tetrahedron Lett. 1992, 33, 6235-6238.



=)

10.

—
[u—y

—
[ 3]

f—

14.

OS]

Yoshimatsu, M.; Machida, K.; Fuseya, T.; Shimizu, H.; Kataoka, T. J. Chem. Soc., Perkin Trans. 1
1996, 1839-1843.

a) Bouyssi, D.; Cavicchioli, M.; Balme, G. Synlett 1997, 944-946. b) Arcadi, A. Synlert 1997,
941-943. ¢) Kimura, M.; Wakamiya Y.; Horino, Y.; Tamaru, Y. Tetrahedron Letr. 1997, 38,
3963-3966. d) Tamaru, Y.; Kimura, M.; Tanaka, S; Kure, S.; Yoshida, Z. Bull. Chem. Soc. Jpn. 1994,
67, 2838-2849. e) Reference 3c, f) Ohe, K.; Ishihara, T.; Chatani, N.; Kawasaki, Y.; Murai, S. J. Org.
Chem. 1991, 56, 2267-2268. g) Shachat, N.; Bagnell, 1.J., Ir. J. Org. Chem. 1963, 28,
Koseki, Y.; Nagasaka, T. Chem. Pharm. Bull. 1995, 43, 1604-1606.

ia, b, i were prepared in the present study in the same manner as described in the previous paper”.
id-h were prepared as outlined beiow.

91-995.

n-BuLi/THF,0°C, 1 h_ cat.p-TsOH 1. Swern oxi.

= CHOTHE o iMPA - D (CH2)s0THP  ————> RI—==—(CH;)s0H 5 ——n

H _.h(,.' eq):. T abs. MeOH . . Jones oxi.

! STt 3h o L, 10 h Iii

H

Al—  CO0H RZLNH2  _ Rl - N R?

v DEPC, EN, l)r

0°C~r.t., THF 1

(42-58% from 1) 71-91%

Synthesis of IV (Ri= Me) from I by a little different conditions was reported in a total yield of 35% ;
Carling, R.W_; Clark, 1.S.; Holmes, A.B.; Sartor, D. J. Chem. Soc., Perkin Trans {1 1992, 95-101.

Synthesis of 2e (general procedure for 1¢-h). To a solution of alkynylamide 1e (400 mg, 1.630mmol)
and AgOTf (64 mg, 0.24 mmol) in abs. toluene (6 ml) stirred under argon atmosphere was added slowly
at r.t. a solution of LIN(TMS), in hexane ( 1.0 M, 0.49 ml, 0.49 mmol ). After 0.5 h, the mixture
consisting of a clear solution and black-brown paste, was stirred at 65-70°C for 3 h, whereupon, the
system became a black suspension. The reaction mixture was quenched with ice-water and filtered through
celite by suction. The filtrate was extracted with AcOEt according to a conventional work-up. The crude
product was purified by chromatography on NH-silica gel ( cluent : hexane / AcOEt = 20 :1) to give the
2e (353 mg) in 88 % yield as a colorless solid. mp 73-74°C (from iPr,O-hexane). IR (KBr, cm’ " 2900,
1670, 1320. 'H-NMR (300 MHz, CDCI3) §; 1.53 (d, J = 7.4 Hz, 3H), 2.48 (m, 2H), 2.66 (m, 2H),

~N am s ~ r £ N s e 1 Y o ¥ -GF4 3 ¥ S N7 AN 7o ) 4 Y 1Y
3.42 (s, 3n), 400 (0 s = 0.Y, Y./ Z, 1), 4.3 (44, J=08.4, Y./ Z, 1n) 402 \4, s = /7.4 1z, iN),
o 0 /13 ¥ oo O A ¥TT_ TTEN ™ I s -5 8 Y 13["0 ANTRATY /77 RATT . T 1 9 AT 0 anNn g0 £ 0 7
258 {(4q, J = 0.9, 8.4 , A1) 7.0Z (111, JI1) C-NIVIR (/0 VIRZ, UL, ) 12.5, 2/7.7, 3U.3, J8.3, J08./,
Y O N O 1ML L 1A T N 10 A 1730 A 1720 £ 170 N. WAC .1 A AN, r.\12" 7N 10 .. 1T NN
2.8, 0.0, 120.0, 14/.4, 148.4, 130.4, 157.0, 1/0.U; MO IIWZ 233 (M ), |0  +/U.1 " (C 1.UL,
toluene). Anal. Calcd for C,;H ,NO,: C, 73.44; H, 7.81; N, 5.71. Found: C, 73.42; H, 7.81; N, 5.68
Noacad ~m shc mntnleraio ~f £t nnd ALY 0L il ata hacas tha tmérnmnlannlor addieinm ~F D) carovrmernes]
Dd>d»CU UIl U Cdldiydyid U6 LU dlld A WILUI dppt 11dIC DASEH, UIC Hiddaliiuicluldl allunion Uil L-piupyliyl
b atac b thhaie nrxre anmtlamie teinda hande hac hann rameetad 4 70

CAlUdIIACS 1O UK OWIE CLYICIUL UIPIC DULIUS 11ad UCLll 1oputicu

Qunthacic Af P2 A srivtrira «F TINTRAQY / ASYTF (D:1) in tahiane wae addad cyringe at rt tn o
DYIRICSIS Ul &1, A HHALUIC UL LAUN1IVIO ), /7 DLl (4.1) 11 WILGTHG wdd aulca wu JYIilige at 1.1, W a
solution of 1i in toluene to form a black-brown precipitate gradually, followed by the same work-up
Angneibind for canaral nracadiire ta affard 21 in RAGL viald

AESCroea 10r gendia proCCluic w aiiVid 41 1l 6070 yiciu.

NNEQVY /8NN MUI» NIMB  Auridina_d Y Adamanctrated 24 tn havae tha 7Z_farm ac avidant hy the NOFR
NV T {JUVU UVILLL INIVAEN, PyIIULHUTU g/ ULIHIVLSUGILU 4 LU HAdYE UL £71VEHHL do Lyiauldil Uy Ui J3lsis
infaractican hatiwaan A_H and vinul_H vinvl and henzvl.H  and vinvl.OCH . and NCHOC Y

U1 AaLLIULI UVAWOUIT 577001 QlfU VRIIY IS0, VINYISNC i1y QU UVIIL Y178k, Gl VILYIT 20 QUG LN R I\W2 iy ).

Isomer 3d was determined to have the E-form by NOESY subsequent to the (‘H H 4
isomerization of 2d in CDCI, at r.t. for several hours.



