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Abstract: The first highly asymmetric Pummerer-type cyclization of chiral, non-racemic [~-amidosulfoxides leading to 
enantiomerically enriched l~-Iactams (80-85 % ee) is described. S-and R-sulfoxides (S-2a-d and R-2a-c) were treated with O- 
methyl-O-tert-butyldimethylsilyl ketene aeetal (1) in the presence of a catalytic amount of ZnCI2 in CH2C12 to predominantly 
give the corresponding 4R- and 4S-[~-lactams (R-4a-d and S-4a-c) in more than 80 % ee. These results show that the 
stereoinduction is completely influenced by the absolute configuration of the sulfoxides. 

The asymmetric Pummerer reaction of chiral, non-racemic sulfoxides, l) which is one of the self- 

immolative-type asymmetric inductions, is of significant interest, because it would provide a means for the 

synthesis of enantiomerically pure ¢t-substituted sulfides. 2) Especially the intramolecular version of the 

asymmetric Pummerer-type reaction is quite useful for the synthesis of optically active heterocyclic 

compounds.3, 4) Only a few examples of these types of reactions have been reported, but the enantiomeric 

excess (ee) yields were low. 3, 4) We report here the first highly asymmetric Pummerer-type cyclization of 

chiral, non-racemic ~amidosulfoxides leading to enantiomerically enriched [3-1actams (80-85 % ee). 

Several years ago, we reported a novel silicon-induced Pummerer-type reaction of sulfoxides using O- 

methyl-O-tert-butyldimethylsilyl ketene acetal (1), which gave ct-siloxy sulfides under mild conditions 5) and 

then applied it to the intramolecular cyclization of to-amidosulfoxides to produce tx-thio-N-heterocycles 

involving 4- to 7-membered 0~-thiolactams. 4, 6) Very recentry, we reported the first highly asymmetric 

Pummerer-type reaction of chiral, non-racemic acyclic sulfoxides which gave enantiomerically enriched ct- 

siloxysulfides in high yields. 7) We have now applied this reaction to the asymmetric intramolecular cyclization 

of chiral, non-racemic ~amidosulfoxides (2a-d). 

Starting materials 2a-d were prepared in good yields from the known carboxylic acid (3) 8) by 

condensation with the corresponding amine in the presence of 1,3-dicyclohexylcarbodiimide (DCC) in 

dimethylformamide (DMF) (Scheme 1). 

- O  - O  
+ i + i S - 2a:R=S-CH(Me)Ph, 60 %, [O.]D26-217 ° (c, 0.158, CHCla) 

D C C / D M F  R - 2a:R=S-CH(Me)Ph, 66 %, [¢Z]D26+110 ° (c, 0.542, CHCI3) 

H2NR = ~ NHR S - 2b:FI,,CH2Ph, 95%, [o0L~ 2s -196 ° (c, 0.408, CHCI 3) 
R-  2b:R,=CH2Ph, 93 %, [o]£) ~ +194 ° (c, 0.241, CHCI3) 

3 O 2 a - d  S - 2©:R-CHPh;~ 92 %, [ e0~  -1680 ( c, 2.17, CHCla) 

R - 2c:R-CHPh2, 58%, [e0,~ ~ +171 = (c, 1.13, CHCI3) 
R -3: [C¢]D Is +171 ° (C, 0.703, MeOH) (lit. e) ~]D +188°) 

S - 2d:R=CHzo-BrPh, 87%, [c¢~ 2s -149° (c, 0.612, CHCI3) 
S -~ ~]O is -172" (c, 0.793, MeOH) 

Scheme 1 
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Under the standard si l icon-induced Pummerer condit ions 4, 6) (1, cat. ZnI2, MeCN),  treatment o f  

optically pure S-sulfoxides (2a), which have the chiral amido group, gave R-l~-lactam (4a) in 60 % de (72 % 

chemical yield) stereoselectively. The use of ZnCl 2 as a catalyst in CH2C12 was found to give the best results. 

Surprisingly high ee's were also obtained from 2b-d having an achiral amido group under the same 

conditions. S-and R-Sulfoxides (S-2 and R-2) were treated with 1 to predominantly give 4R- and 4S-~- 

lactams (R-4 and S-4), respectively in more than 80 % ee's. These results show that the stereoinduction is 

influenced by the absolute configuration of the sulfoxides (Table 1). Optically pure R- and S-4c were readily 

obtained by simple recrystallization in about 60 % yield {R-4c; [OqD 17 - 47.03 ° (c=0.370, CHCI3), S-4c; 

[a]D 20 + 49.4 ° (c--0.599, CHCI3)}. The present Pummerer cyclization has the highest optical induction 

compared with the previously examined method. 3, 4) 

Table I Asymmetric Pummerer-type Cyclization of Chiral, Non-racemic Suffoxides(2) with 1 

-..o ,~ 1 . .S-~Tol  

O ~NH+S'p'TOI MeO OSiMe2Bu t~ ~ N R  

R cat. ZnCI2, CH2CI2 O 
S- 2a- d R-4a- d 

"O 
i 

o~N+H S'p'TOI 1 , ~,,S-,o-Tol 

,,~ O.,~--'-IN R cat. ZnCI2, CH2CI2 R 
R-2a- c S- 4a- c 

Produ~[a] 
2a-d R Conditions % Ee [b] [¢¢]D (c, CHCI3) CD (MeOH) ;L cxt (~u~) 

4 (% Yield) 

S-2a CH(Me)PI~[c] 0°C, ld[d]  R-4a 60[e](72) -98.8(1.96)[f] 253(+2.9),242(0),222(-20.4)[f] 

S-2a CH(Me)Ph [c] 0°C, 3d R-4a 82 [e] (96) - 98.8 (1.96) If] 253 (+2.9), 242 (0), 222 (-20.4)[t] 

R-2I CH(Me)Ph[c] 0°C, 3d S-4a 85 [e] (89) +116 (0.954) [f] 254 (-5.7), 240 (0), 221 (+24.5)[f] 

S-2b CH2Ph 5°C, 6d R-4b 80 (54) -73.2 (1.01) 252 (+3.1), 239 (0), 220 (-16.6) 

R-2b CH2Ph 5°C, 6cl S-4b 82 (54} +75.2 (0.934) 252 (-2.6), 240 (0), 220 (+19.2) 

S-2e CHPh2 15°C, 2d R-4¢ 80 (84) -37.0 (0.303) 253 (+5.1), 243 (0), 221 (-21.5)[g] 

R-2c CHPh2 15°C, 2d S-4c 83 (90) +38.4 (0.522) 255 (-4.3), 243 (0), 221 (+21.4)[g] 

S-2d CH2-o-BrPh 5°C, 7d R-4d 83 (59) -59.2 (1.49) 253 (+1.5), 240 (0), 221 (-14.4) 

[a] Small amount of ¢z-siloxy-[}-amidosulfides were obtained as side-products in all reactions. [hi Ee value was determined 
by 1H-NMR (C6D6) with Eu(hfc)3. [c] S-Phenathylamine was used. [d] Znl 2 is used as a catalyst in MeCN. [el % De. If] This 
value was obtained from the diastereomarically pure sample. [g] This value was obtained from the enantiomerically pure 
sample. 
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The absolute stereochemistry at the newly generated chiral center of the ~3-1actams was ascertained by its 

CD-spectrum, which had a smmg positive or negative Cotton effect at 210-220 nm (Octant rule) in agreement 
with the value from monocyclic ~-lactams reported by Reling and Jensen 9) and confirmed by the conversion 

of R-4e to the known (+)-PS-5 intermediate {(-)-5; [Or]D22 - 40.9 ° (c=1.02, CHCI3), lit.60; [0qD 25 -39.59 ° 

(c=2.92, CHCI3)}.10)Finally, the absolute stereochemistry was determined by X-ray crystallographic 

analysis 11) of oxidized derivertive (R-6) of R-4e. (Fig. 1) 

mCPBA ,. r . - -~  S02"p-T°l 
R- 44= CH2Ch O/~,.- NCHPh 2 

R - I S  

Fig 1. X-Ray Crystallographic Structure of R-6 

The following mechanism is proposed to explain the results and the transition-state is representatively 

analyzed for the reaction of 8-2 with 1 (Fig. 2). Silylation of S-2 with I affords an intermediate (A). Thus, 

A may yield a chiral pseudo isothiazolon¢ derivative (B) 12) through axial attack of the amido anion generated 

by abstraction with ester anion and elimination of the siloxy ligand. Then, the hydrogen neighboring to the 
sulfur atom was removed by the siloxy anion and the amido ligand was rearranged from the 0t-face to give the 

13-1actam (e-4). 

- o /  
~/S-p-Tol 

o L N H R  

S-2 

ButMe2SiO':-~H_. + ,  p-Tol 

n I w._..~ 
~ N -  R 

O 
B 

H 
( O- SiMe2Bu t 

, %/+ 

A "CH2CO2Me 

H 
"S-p-Tol 

O 
R - 4  

Fig. 2 
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