
HETEROCYCLES, Yo1 29, No 7, 1989 

SYNTHESIS OF NOVEL CHIRAL 2,3-DIRYDRO-1,3,4-THIADIAZOLES WITH 

EXTREMELY HIGH OPTICAL ROTATIONS : X-RAY CRYSTAL STRUCTURE OF 

(2R)-D-MANDELYL-5-METHYLTHIO-2-PHENYL-2,3-DIHYDRO-l,3,4- 

THIADIAZOLE 

Rouhei T~yooka*~, Yoshiyuki Takeuchia, Zenei ~ a i r a ~ ,  and Seiju Kubotaa 

aFaculty of Pharmaceutical Sciences, University of Tokushima, Sho-machi 1, 

Toku~hima 770, Japan 

b ~ a ~ ~ l t y  of Pharmaceutical Sciences, Tokushima Bunri University, Yamashiro 

cho, Tokushima 170, Japan 

Abstract---The reaction of 4-bromobenraldehyde methylthio(thiocarbonyl)- 

hydrazone with chiral 5-phenyl-1,3-dioxolane-2,4-dione in the presence of 

trifluoroacetic acid gave chiral 2-i4-brornophenyl)-3-mandelyl-2,3-dihydro- 

1,3,4-thiadiaroles with extremely high optical rotations; the absolute 

configuration of the 2,3-dihydro-1,3,4-thiadiaaole (2) was established by 

single crystal X-ray analysis. 

In the previous paper,' we described a facile synthesis of 5-substituted 1,3- 

dioxolane-2,4-diones as chiral acylating reagents using crichlorornethyl chloroformate. 

Previously, we have reported that acylation of aldehyde methylthio(thiocarbonyl)- 

hydrazones with acetic anhydride or acetyl chloride gave 2-substituted 3-acetyl-5- 

methylthio-2,3-dihydro-1,3,4-thiadiazole in good yields.2 To date, no example of 

isolation of the chiral 2,3-dihydro-1,3,4-thiadiazole which has an asymmetric 

carbon atom in the nucleus has been reported. 

We now extend a novel application of this reaction to the synthesis of chiral 2- 

substituted 2,3-dihydro-1,3,4-thiadiaaoles using chiral 1,3-dioxolane-2,4-diones. 

The reaction of 4-bromobenzaldehyde methylthio(thiocarbonyl)hydrazone (1) with 

(S)-(+)-5-phenyI-1,3-dioxolane-2,4-dione in the presence of trifluaraacetic acid 

(TEA) (1.5 equiv.) at 0 ' C  afforded a diastereomeric mixture of (2R)-(4-bromophenyl)-3- 

[ 1s)-mandelyll-2,3-dihydro-l,3,4-thiadiazole (2) and (25)- (4-bromophenyl) -3-1 (S) - 

mandelyll-2,3-dihydro-1,3,4-thiadiazole (3) without epimeriration. The hydrazone 1 

presumably exists as an equilibrium mixture with ring form (4) under these 

reaction  condition^.^ The kinetically more preferable product 3 would be formed 

predominantly by acylation of the in~ermediate 4 with ($1 -(+I -5-phenyl-l,3-dioxo1ane- 



2,4-dione. The mixture was chromatographed on silica gel to give the optical active 2 

(19 $1, mp 161-162 'C, [a]: +405.i8" (c=l.OO, CHC13J and 3 (66 $1, mp 105-106 'C,  

[a]? -426.86O (c=l.OO, CHC13), which showed extremely high optical rotations." 

The absolute configuration of the enantiomer 2 was esfablished by single-crystal X-ray 

analysis (Figure 11. 
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Crystal data for the enantiomer 2: Cl7Hl5arN2OzS2. M=423.342, orthorhodic, spzce group 

P212121r a=8.416(31, b=26.672(7), c=7.768121 , v=1743.6(91 i 3 ,  2=4, DX=1.612g c m 3 ,  

E(000)=856, ~(Mo-ka)=27.42cm-1. The reflection data were collected on a Rigaku 

AFC-6B diffractometer for 2<8<50° using graphite monochromated radiation (0.71069i) 

with W s c a n  mode. The structure was solved by direct methods using the MULTAN 

program and refined by block diagonal least-squares to R=0.049, Rw (w=1.01=0.051 

for 1234 independent reflections I IF >6a1 I F  1 1  . The absolute configuration of 2 was 

determined by the intensity examinations of Bijvoet pairs. 

Similarly, the reaction of the methylthio(thiocarbony1)hydrazone 1 with (RI- (-1 - 5 -  

phenyl-1.3-dioxolane-2.4-dione in the presence of TEA at 0 'C gave the (2s)- ( 5 )  
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Figure 1 The crystal structure of 2 

(20 %I, rnp 162-163 'C, [a]?-407.18" (c=1.00, CHcl31 and (2R)- (4-bromophenyl] -3-[(R) - 

mandelyll-2,3-dihydro-l,3,4-thiadiazole ( 6 )  166 %I, mp 104-105 'C, [a]? t433.13' (c=1.00, 

C H C I ~ ) ~ .  

The optical purities of the 2,3-dihydro-1,3,4-thiadiaaoLes 2 and 5 obtained here were 

established by chiral phase hplc (CHIRALCEL OC, EtOH at 0.5 ml/rnin, 25cm x 4 .6mm, uv 

detector 254 nm) to be > 9 9 . 9  %, respectively. 
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4 .  Satisfactory s p e c t r a l  and a n a l y t i c a l  data were obtained for a l l  new compounds : 

2 and 5; I r ( K B r )  3 3 0 0  ( O H ) ,  1 E 4 0  (C=Ol cm-'; 'H-nmr  (CDC131 8 2 . 4 4  ( 3 H ,  s ,  S C H ~ ) ,  

3 . 9 5  ( 1 H .  d, J = 8  H z ,  O H ) ,  5 . 6 0  ( 1 H .  d, J=8 H z ,  C H l ,  6 . 9 1  ( 1 H .  s, C 2 - H I ,  7 . 1 9  ( Z H ,  

dd, 5 = 2 , 8  H z ,  A r H 1 ,  7 . 3 2  i 5 H ,  s ,  A r H ) ,  7 . 5 0  ( Z H ,  dd, J = 2 , 8  H z ,  A r H ) ;  M s  m l r  4 2 4  

( M i + l )  . 
3 and 6; I r ( K B r 1  3 4 0 0  ( O H ) ,  1 6 6 5  (C=O) c m - l ;  l ~ - n m r  ( C D C l 3 1  8 2 . 5 5  ( 3 H ,  s ,  S C H ~ ) ,  

4 . 0 1  ( I H ,  d, J = 8  Hz,  O H ) ,  5 . 5 3  ( I H ,  d, J=8 H z ,  C H I ,  6 . 7 8  ( 2 H ,  dd, J = 2 , 8  H z ,  A r H ) ,  

6 . 9 8  ( l H ,  s ,  C * - H ) ,  7 . 2 9  ( 5 H ,  s ,  A r H l ,  7 . 3 2  ( 2 H ,  dd, J = 2 , 8  H z ,  A r H ) ;  Ms m/z 4 2 4  

( ~ + + l )  . 
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