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Abstract:. 4-Ethenylidenc-2-oxazolidinones 2, 6, and9 a r c l X ~  in reasonable yieldsby the reacfion of 
2-butyn- 1,4-diol biscaxbamates in the presence of catalytic amounts of Pd2(dI~)3,CHC13 (0.005 equiv) and 
triethylanin¢ (0.1 equiv). The allenic three cmbons axe not aligned straight, but considorably dstorted 
(173.6°); the ¢narain¢ double bondis reactive tow~xd unsaturated amides (providing 4) and methyl vinyl 
ketone (providing 10). © 1997 Elsevier Science Ltd. 

2-Oxazolidinones constitute an important class of heterocycles that are widely used in the industrial, 

pharmaceutical, and agricultural fields as well as in organic synthesis. We reported a convenient synthesis of 

4-methylene-2-oxazolidinones from propargyl carbamates catalyzed by Cu(I) and AgO) salts. I 4-1V~thylene-2- 

oxazolidinones are of special interest as synthetic intermediates; they are functionalized with enamine and allylic 

alcohol moieties, by virtue of which, Mural et al., 2 for example, succeeded in the generation of a so called 

"azala-imethylenemethane-palladium" intermediate. 
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Here we report an efficient synthesis of 4-ethenylidene-2-oxazolidinones 2, 6, and 9 from 2-butyn-l,4-diol 

biscarbamates 1, $, and 8, respectively (eqs 1,3,4). 2-Butyn-l,4-diol biscarbamates 1 (Z = Ts, Ms, Bz, (x- 

methylacryloyl, Ph), 5, and 8 were readily prepared in high yields from the corresponding diols and isocyanates 

(2.2 equiv) [triethylamine (2.2 equiv) in dry THF at rt under N2, 1"~2 h]. 

As apparently seen from Table 1, the transformation of 1 (Z = Ts, Ms, Bz) to 2 (eq 1) best proceeded in the 

presence of Pd2(dba)3-CHCl3 (0.005 equiv, dba = dibenzylideneacetone) and triethylamine (0.1 equiv). 3 

These reactions were complete within 12 h at rt (runs 1,7,8). In the absence of triethylamine (run 2), the 

reaction did not proceed to any appreciable extent at rt; at higher temperature, 1 decomposed to provide an 

intractable mixture that did not contain 2. The use of an increased amount of the palladium complex (run 3) 

facilitated the reaction, but suppressed the yield of 2. Other palladium complexes showed marginal success 

(runs 4, 5). Copper(I) chloride, as being in accord with the results previously reported from our laboratories, 1 

selectively promoted aminocyclizalion of I to provide 3 (run 6, eq 1). In this case, 2 was not formed at all. 

The results shown in runs 9 and 10 (Table 1) deserve some comments. When the reaction of I (Z = c(- 

methylacryloyl) was c o n d u ~  at rt, the reaction was rather slow and provided 4 (15%, R f  4 = 0.4, ethyl 

acetate:bexane = 1:1, v./v.) in addition to file expected 2 (14%, R/2 = 0. 8, R f  1 = 0.1) (eq 2). The former 

might be formed via a further reaction of the prirnary product 2 (eq 2), which probably involved an 

intramolecular ene-type reaction. Indeed, at the elevated temperature, 4 was obtained as the sole product (ran 

10). 
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Table 1. Pd- and Cu-Catalyzed Aminocyclizataion of 2-Butyn- l ,4-dio l  Biscarbamates I a 

run Z of 1 metal catalyst (equiv) base (equiv) romp (~C)/(ime (h) product: % yield b 

1 Ts Pd2(dba)3.CHCl 3 (0.005) Et3N (0.1) rt/'/ 2 (Z = Ts): 73 

2 Ts Pd2(dba)3.CHCl 3 (0.005) none rt/2 -~ 65/3 decomposition of I c 

3 Ts Pd2(dba)3.CHCl3 (0.1) Et3N (0.1) rt/2 2 (Z = Ts): 44 

4 Ts Pd(PPh3)4 (0.1) Et3N (0.1) rt/25 --~ 65/4 2 (Z = Ts): 45 

5 Ts Pd(OAc)2 (0.1) Et3N (0.1) rt/4 2 (Z = Ts): 3 

6 Ts CuCI (0.1) Et3N (0.1) rt/17 --~ 65/5 3 (Z=Ts) :  54 

7 Ms Pd2(dba)3.CHCl3 (0.005) Et3N (0.1) rt/12 2 (Z = Ms): 43 

8 Bz Pd2(dba)3.CHCl3 (0.002) Et3N (0.1) rt/12 2 (Z = Bz): 66 

9 J l  Pd2(dba)3.CHCl3 (0.005) Et3N (0.1) rt/47 2 :14  d 4:15 d 
CH3 

O 

10 l [  Pd2(dba)3.CHCl 3 (0.005) Et3N (0.1) 50/'/ 4 :33  d 
,(" CH3 

O 

11 Ph Pd2(dba)3-CHCl 3 (0.005) Et3N (0.1) 50/55 no reaction 

12 Ph Pd2(dba)3.CHCl3 (0.005) tBuOK (0.1) 50/55 decomposition of 1 c 

a Reactions were p~,fonned as follows: 1 (1 retool), a transition metal complex, and abase (indicated amount) in dry THF (5 ml) 
un(~ N2. b All products ~ere isolated by means of column chromatography over silica gel. Yields refer to the isolated yields for 
analytically pure products [except for 2 (Z = Ms), which was rather unstable and could not be purified enough for elemental analysisl. 
c Complex mixture that did not contain the expected products resulted, d For the structures of 2 and 4, se¢ equation 2. 

Unfortunamly, 1 (Z = Ph) was either unreactive under usual conditions (run 11, Table 1) or decomposed 

under somewhat different conditions (run 12). 

Next, we applied the reaction to Cl-substituted 2-butyn-l,4-diols (oq 3). For the cyclization of 5, two 

products (6 and 7) are conceivable, the former being formed by nucleophilic addition of the Cl-carbamate to the 

acetylenic C2-carbon with concomitant elimination of the C4-carbamate, and the latter being generated the 

opposite way round. As apparent from the results summarized in Table 2 (runs 1-6), Cl-monosubstituted 5 

provided a mixture of 6 and 7 in a ratio of ca. 2:1, irrespective of the steric and electronic nature of the 

substituents. Cl-Disubstituted 5 (runs 7,8), on the other hand, furnished 6 almost exclusively. 

The successful cyclizafion of 1,1,4,4-tea'asubsfituted biscarbamate 8 (eq 4), together with those discussed 

above (Tables 1 and 2), clearly indicates that the amidocyclization of 2-butyn-l,4-diol biscarbamates is a 

versatile and efficient entry to 4-ethenylidene-2-oxazolidinones bearing a wide variety of substituents. 

The present palladium-catalyzed novel cyclization reaction may proceed via oxidative addition of Pd(0) 



3965 

O 
a l T %  I -~0  Pd2(dba)3"CHCl3 

I - -  O ~  I-L. Ts Et3N (0.1 equiv) 
THF, rt .~ 60 *C 

0 5 

Table 2. 
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%- M ~ C O N H T s  Pd2(dba)3.CHCI 3 Me 

e Et3N (0.1 equiv) 
0 8 THF, rt, 10 h "'Is 

o 9 (sP~) 
Pd-Catalyzed Aminocyclization of 1-Substituted 2-Butyn-l,4-diol 
Blstosylcarbamates Sa 

(3) 

(4) 

run 5 lemp (*C)/tlme (h) % yield of ratio c 

R 1 R 2 5 and 6 b 

1 5a  ~ H rt/6 47 6a  : 7 a =  2 . 1 : 1  

2 5b  Et H rt/54 47 6b  : 7h  = 1.7 : 1 

3 5c  i-Pr H 50/20 45 6c  : 7¢ = 2.5 : 1 

4 5d  c-Hex H 60/20 40 6d : 7d  = 2.5 : 1 

5 5e  Ph H r l / l l  58 6 e : 7 e = 2 . 1  : 1 

6 5 f  t-Bu H rt142 --* 40/25 58 6 f :  7 f =  2.0 : 1 

7 Sg  l ~  Ivle rt/13 70 6g:7g=30:1  

8 5h  -(CH2)5- rt/4 56 6h  : 7h  = 20 : 1 

a Reactions werepcrfonn~ as follows: $ (1 retool), Pd2(dba)3,CHCl 3 (0.005 retool), Et3N (0.1 retool) in dry THF (5 
rnl) under N2 (see eq 3). For runs 7 and 8, Pd2(d~a)3.CHCI 3 (0.02 mmol) was applied, b All products were isolated 
as mixtures of 6 and 7 by means of column chromatograph~, over silica gel. Yields refer to the isolated yields fur 
analytically pure products, c The ratio was deteffnined by ill NMR (400 MHz). 

species to one of  the C-carbamate bonds to provide propargylpalladium(II) I and/or allenylpalladium(II) 

intern~iates I I  (Fig. 1). 4 I would cyclize in SN2' fashion and II ,  via III ,  would cyclize via reduclive 

e "Luninafion to furnish 2, 6, and 9. 

/ *d( , )x  R R 

, - o : . : :  1 %  %""-. o 
v ~  1 o i i ~' m 

In Figure 2 is shown the X-ray structure of  6e, which indica~s that the oxazolidinone ring atoms, the allenic 

central C(7), and the sulfonyl S(10) and 0(24) atoms all reside virtually in a plane. Interestingly, the allenic 

carbons (C1, (27, and C8) are not aligned straight, but C7 and C8 are located significantly away from the sulfonyl 

group (LC1-CT-C8 = 173.6 °, LN5-CI-C7 = 130.40, /C2-C1-C7 = 126.3°). 

As suggested by the strained structure of  the allene bond, 2 turned out to be extremely reactive toward hetero 

Diels-Alder reaction (eq 5). When heated with methyl vinyl ketone at 80 '12, 2 reacted selectively at the 
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Fig. 2. X-ray structure of ~ .  Selected data of bond angles and dihedral angles: 
C1-C7-C8 173.6 °, C2-C1-C7 126.3 °, N5-C1-C7 130.4 °, C2-C1-C7-C8 14.5% Ns-C1-C7-C 8 -166.4 °. 

enamine double bond to furnish spiro adducts 10. 5 We are currently under extensive study to reveal the full 

reaction features of the allenic moiety of 2 toward cycloaddition reactions. 6 

ORN" z V  + 0 80 °C, 10-20 h "~"'~Z 
0 2 (Z = Ts or Bz) 0 10: Z = Ts, 86*/, 

Z = Bz, 81% 

(s) 
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