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Abstract A highly selective asymmetric induction into symmetrical 

molecules having prochirality has been developed by utilizing 4 ( R ) -  

methoxycarbonyl-1,3-thiazolidine-2-thione. In the model experiments of 

total synthesis of viginiamycin MZ, the derivatives of 1.3-oxoazolidine- 

2-thione and 1,3-thiazolidine-2-thione were utilized effectively. 

1. INTRODUCTION - UTILIZATION OF ATT 

A very useful electrophilic amide, ATT (3-~cyl-1,3-+hiazolidine-2-+hione)(l) - has 

been developed by the author's research group. This compound has been shown to 

be an activated amide, whose cirbonyl group is subject to the nucl~ophilic attack 

by s'everal nucleophiles. For instance, several amines attack the amide carbonyl 

group and aminolysis takes place very smoothly under mild conditions.' We have 

synthesized spermidine amide alkaloids, i. e . ,  codonocarpine ( Z )  ', lunarine 
, and lunaridine ( 4 )  3, a spermidihe siderophore, parabaitin 1 ,  and new 

5 hypoxic cell radio-sensitizers FNT-1 ( 6 )  and FNT-2 (!) utilizing this aminolysis 

as the key reaction. 



Aminolysis of ATT ( t )  was also utilized for synthesis of peptides6 and several 
macrolactams.' In this reaction, the end point of the reaction can be easily 

recognized by the disappearance of the original yellow color of ATT. This is a 

very convenient point; one can monitor this reaction. 

2. A NEW CHIRAL INDUCTION UTILIZATION OF 4(R)-MCTT 

Recently, the utilization of optically active, simple acyclic compounds has been 

increasing, because they can be useful as the important starting resources for 

the total synthesis of biologically active natural products, such as macrolides, 

macrolactams,polyetherantibiotics, 8-lactam antibiotics and prostaglandins. 

Several acyclic compounds having optical activity have been obtained by degra- 

dation of natural products, such as sugars, amino acids, terpenes, e t c . ,  or by 

enzymatic or microbiological syntheses, or by chemical asymmetric syntheses. 

Highly selective transformations of enantiotopic group attached to a prochiral 

center in a symmetrical molecule such as 3-substituted glutaric acid derivative 

have been performed exclusively by some special enzymes. For instance, a- 

chymotrypsin catalyzes the highly selective partial hydrolysis of diethyl 3- 

acetamidoglutarate8 and dimethyl- and diethyl 3-hydroxygl~tarates.~ Pig liver 

esterase also hydrolyzes highly selectively dimethyl 3-hydroxy-3-methyl- 

glutarate. 10 
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Pig liver esterase was also shown to catalyze the partial hydrolysis of dimethyl 

3-amino- and 3-benzyl~x~aminoglutarats~~; B-lactams were derived as the optically 

active form. 
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We intended to develop a new chiral induction procedure by a purely chemical 

method. Previously, we synthesized amide 812 and diamide 2313 which were 

subjected to the X-ray crystallographic analysis. As the result, the carbonyl 

group and the thiocarbonyl group were shown to have nearly opposite orientation 

each other, because of their dipole-dipole repulsion. Furthermore, in the diamide 

9, the shape of the molecule was shown to be nearly stretched due to repulsion - 
between two heterocycles. These observations were very useful for design of a new 

molecule for chiral induction. 

Thus, we designed a new model compound 10,14 that is, diamide of 3-methylglutaric - - 
acid with 4 (R)-methoxycarbonyl-1,3-thiazolidine-2-thine [4 ( R )  -MCTTI . In this 

molecule, the fairly strong dipole-dipole repulsion between the thiocarbonyl and 



the amide carbonyl groups and the repulsion between pro-s and pro-R groups may 

regulate the stereochemistry of this compound to stabilize a favorable W-shape or 

a slightly twisted W-shape conformation especially at low temperature. In the 

assumed W-shape structure, the a-face of the carbonyl group in pro-s ligand should 

be least hindered in comparison with other three faces; the B-face Of Same 

carbonyl group is hindered by both pnethoxylcarbonyl and 0-methyl groups; the 5- 

face of the carbonyl group in the pro-R ligand is hindered by the 0-methyl group; 

the a-face of the said carbonyl group is hindered by the a-methoxycarhonyl group; 

but the a-face of the carbonyl group in the pro-S ligand is hindered by neither 

methoxycarbonyl nor methyl groups, the substituents being 0-oriented.' Therefore, 

a suitable nucleophile may preferably attack the carbonyl group in the pro-S 

ligand from the least hindered a-face in the transition state. 

An overall sequence of our method is shown in Scheme 1. It is quite difficult 

under usual chemical conditions to distinguish the pro-s ligand from the pro-R 

ligand of 3-methylglutaric acid. However, in the molecule of the optically active 

diamide which was designed by ourselves, the sterical situation around the 

carbonyl groups in the pro-S and the pro-R ligands is different. According to 

the foregoing working hypothesis, the nucleophile may attack selectively from the 

a-face of the carbonyl group in the pro-s ligand to give compound it as the malor 
product and compound 13 as the minor diastereomer. The second attack of the other - - 
nucleophile should occur as shown in Scheme 1. 
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F i r s t ,  amino lys i s  of  t h e  key compound 10 which was prepared a s  u s u a l  ( v i d e  post) -. 
was t r i e d  i n  CH2ClZ w i t h  one  molar e q u i v a l e n t  of s e v e r a l  amines a t  room tempera- 

1 
t u r e  o r  a t  -30'C. i n  o r d e r  t o  f i n d  t h e  b e s t  nuc leoph i l e  Nu . The r a t i o  of two 

d i a s t e r e o m e r s  i n  t h e  product  mixture  was checked by HPLC. The r e s u l t  showed t h a t  

c y c l i c  secondary  amines d i sp layed  e x c e l l e n t  r e g i o s e l e c t i v i t y ,  i. e . ,  78 t o  87% a t  

-30•‹C. The b e s t  r e s u l t  was ob ta ined  w i t h  p i p e r i d i n e  a t  -30•‹C. Thus, p i p e r i d i n e  

was used a s  NU' i n  a l l  of t h e  fo l lowing  experiments.  

The key compound 10 was prepared by t h e  t r ea tmen t  of 3 -me thy lg lu ta r i c  a c i d  w i t h  

two molar e q u i v a l e n t s  of I(,?)-MCTT (11) i n  t h e  p resence  of DCC i n  p y r i d i n e .  Then - - 
t h i s  diamide was s u b j e c t e d  t o  amino lys i s  wi th  one molar e q u i v a l e n t  of p i p e r i d i n e  

i n  CH2C12 a t  -30•‹C t o  g i v e  a  mixture  of  d i a s t e reomers  i n  7 3 . 6 %  y i e l d .  The 

mix tu re  was chromatographed on a  s i l i c a  g e l  column w i t h  e l u t i o n  by a  mix tu re  of 

hexane, e t h e r ,  and e t h y l  a c e t a t e  i n  a  r a t i o  2 : 2  : 1 t o  g i v e  a  pu re  major 



1 
product ;? (Nu = -N3) as crystals, mp 95.5 - 96T, and a pure minor product ;3 
(Nu1 = -N3) as an oil in a ratio 88 : 12. 

. . 
The 4(R)-MCTT (11) is synthesized from condensation of 2-cysteine methyl ester - - 
with carbon disulfide. If d-Cysteine methyl ester is used instead of 2-compound, 

then 4(S)-MCTT is synthesized. If one uses this (s)-enantiomer, a completely 

reversed result will be obtained. Then, one will get the enantiomer of the 

1 compound 12 (Nu = -N3) as the major product and the enantiomer of the compound - - 
13 (Nu1 = -N3) as the minor product. According to the choice of the stereo- - - 
chemistry of MCTT, one can select the major product as one wishes. This is an 

excellent point of this method. 

The structure and absolute configuration of the major product were determined as 

follows. The major product was allowed to react with p-bromobenzenethiol in the 

presence of Nan to give thioester 14, whose reduction with NaBH4 gave alcohol 15. -- 
The alcohol was treated with hydrochloric acid to give a lactone which was proved 

to be (-)-(3s)-methyl-valerolactone ( ; ? I .  Thus the structure and absolute 

1 configuration of the major product were determined as 12 (Nu = -0) (Scheme 2). 
" - 

H S G B r  - 
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THF 96.9 % 

MeHO 

14 
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- - 
0 MeH 
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____) 

aq. THF CN-W 3' 0 o 
83.6 % - 15 16 - 

Scheme 2 
Furthermore, this major product was subjected to aminolysis with (s) (-)-a-methyl- 

benzylamine to give diamide 17, which was subjected to an X-ray crystallographic - - 
analysis. As the result, the structure and the relative stereochemistry were 

determined. On the basis of the known S configuration in the a-methylbenzylamine 

used, the absolute configuration of was established. Thus the structure and 

the absolute configuration of the major product were confirmed again (Scheme 3). 
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Scheme 3 
The structure and stereochemistry of the minor product were established by its 

transformation into diamide 18 via aminolysis with (R) (+I-a-methylbenzylamine. - - 
This compound 18 was proved to be the enantiomer of 17. Thus the minor compound - - - % 

was proved to be the ( S )  (R)-diastereomer of the major [R) (R)-product (Scheme 4). 

For the better understanding of this excellent differentiation, the original key 

compound, that is, 3-methylglutaric acid 4(R)-MCTT diamide (A!) was subjected to 

an X-ray crystallographic analysis: its crystallographic structure was found to 

have a slightly twisted W-shpe conformation, supporting in principle our working 

hypothesis which led to this new chiral induction method. 

Subsequently, the major product was subjected to the "monitored reaction" using 

several nucleophiles  NU^. The Scheme 5 shows aminolysis with several amines. In 

every case, a high yield of the second step aminolysis product was given for an 

optically pure compound, respectively. 



98.0 % 93.0% 88.7% 99.0 % 
mp 77 - 78.5OC mp155-155.5"C mp 92-92.5'C mp124-125•‹C 
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( c =  1.00.CHC13) ( ~ ~ 0 . 6 6 ,  CHC13) (c=0.66. CHC13) ( ~ ~ 1 . 0 2 ,  CHC13) 
Scheme 5 

Treatment of t h e  major product  wi th  t h i o l  i n  t h e  p resence  o f  NaH afforded 

t h i o e s t e r  i n  a h igh y i e l d  (Scheme 6 ) .  

Me 
R =  + ~ e  

Me 
96.9 % 85.4% 

[dl?- 1.390 [ o ( ] ~ ~ - ~ . o ~ o  

( c=1.73, CHC13 ) ( c=1.32. CHC13 

Scheme 6 
Treatment of t h e  major product  wi th  a l c o h o l  i n  t h e  p resence  of NaH i n  THF o r  i n  

the  presence of AgC104 i n  a mixture  of benzene and THF a f fo rded  e s t e r  i n  a h igh 

y i e l d  (Scheme 7 ) .  
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[4:-4.31•‹ 

, . 
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[dl3 47.10" 

Scheme 7 ( c= 1.00. CHC13) 
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scheme 8 shows the reactions of the major product with dirnethyloxosulfonium 

methylide and with diethyl malonate (+NaH). The C-C bond formation also takes 

place smoothly. 

o MeH o COOMe 0 
2: ~ m ~ q ~  + CHZI Me - 

THF 
e I 

C ~ S  Me Me 

0 MeH 0 COOMe 0 M ~ H O H  
NaH c N m N T H  S)H+ CHZ(COOE~)~ - Q-COOE~ 

s'..s THF COOEt 
98.5% 

keto:enol= 4 : 6 

Scheme 8 
[o(]26-3.63" 

( c = 2.40,  CHC13) 
The highly stereoselective partial hydrolysis of dimethyl meso-2,4-dimethyl- 

glutarate has been performed by using a microorganism (Scheme 9). 15 

Me Me pig I iver Me Me 

~ ~ ~ w o t , ~ ~  esterare , ~~0-0~ 
attack on 
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c y : 85% 
Gliocladium 
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the R s i t e  

cy = 80 '10 

> 98% e e  
Scheme 9 

We extended our new chiral induction to meso-2,4-dimethylglutaric acid.16 The 

meso-2.4-dimethylgluratic anhydride (19) was easily obtained from the meso and - - 
racemic mixture of 2,4-dimethylglutaric acid. The anhydride 19 was subjected to -- 
condensation with two molar equivalents of 2(R)-MCTT in the presence of DCC in 

pyridine to give a 64% yield of the key diamide 20. Then the first aminolysis of 
" - 

this compound with one molar equivalent of piperidine in CH2C12 at -20•‹C proceeded 



smoothly and gave a mixture of diastereoisomers in a ratio 97.5 to 2.5, showing 

an almost quantitative selectivity. The ratio was determined by HPLC. Recrys- 

tallization of the mixture from CH2C12-petroleum ether only once gave a completely 

optically pure product as crystals, mp 111 - 112•‹C: laliO -113.7E9. 1ts structure 

and absolute configuration were espablished by X-ray analysis as shown by the 

formula 21 (Scheme 101. - - 

COOMe 

66% 
21 

CV 

Me Me 
5 S 

+ cN-GH (R) (5) 

0 0 COOMe 
2 2 - 

recrystallization 
r pure ?J 

(58.4% from ) 

Scheme 10 
2 5 The minor product was obtained abundantly as crystals: mp 135 - 135.5•‹C;lalD 

-46.35•‹,thr~~gh another route16 and its structure and absolute configuration were 

established as shown by formula 22 by X-ray analysis. The major product (211 was - -  - - 
2 treated with several nucleophiles (Nu I to give optically pure acyclic products 

in high yields (Scheme 11). 

Scheme 11 
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1 It was confirmed by the H NMR (100 MHz1 analysis of products (231 that no - - 
epimerization occurred at all during the transformation from 20 into 23. On the - - - - 

NMR chart of the epimerized product, 24 or 25, prepared under basic conditions - -  -- 
at 50•‹C (Scheme 12), signals ( 6  1.08, 1.10, J = 7 Hz each) assignable to the 

methyl protons at C-4 were observed as two doublets. On the other hand, the 

'H NMR spectra of 23 and 26 formed under mild basic conditions showed a sharp - - -" 
doublet signal due to the methyl protons at C-4. 

Mi:;; MeONa - 21 - 
r.t.. 1 h - 5OoC.1.5h 0 0 

2 6 X=Hor D 
N 24 X=H 

CI 

25 X=D 
rU 

Scheme 12 

Subsequently, meso-cyclohexene-4,5-diacetic acid (271, meso-cyclohexane-1,2- - - 
diacetic acid (281, and meso-5-norbornene-endo-2,3-diacetic acid (29) were -" - - 
converted into their 41~7)-MCTT diamide. Piperidine was found to attack the 

carbonyl group shown by an arrow highly selectively. 17 

Thus, we established a new concept that the introduction of the two same chiral 

ligands [our case: two 4(R)-MCTT into a prochiral compound having a 

symmetry plane changes its original symmetrical environment into an unsymmetrical 

environment. 



3 .  APPROACH TO TOTAL SYNTHESIS OF VIAGINIAMYCIN M2 

UTILIZATION OF TT, MPOT, AND TTPPA 

~ecently, the investigation towards total synthesis of virginiamycin M2 (30)  
started in my laboratory. Our tentative synthetic strategy is as follows: (1) 

Synthesis of four segments A, B, C, and D; ( 2 )  Condensations between segments A 

and B and between segments C and D; ( 3 )  Condensation between B and C; ( 4 )  Final 

cyclization between A and D (Scheme 13). 

segment A 4- segment B s e g r n e n t c ~ ~ e g r n e ~ t ~  

Scheme 13 

The synthesis of the segment A has been achieved according to Conforth's method. 
18 

The highly stereoselective asymmetric synthesis of 6-hydroxy carboxylic acid part 

in the segment B is an important problem. We tried an asymmetric aldol conden- 

sation utilizing an optically active functionalheterocycle, 4(~)-methyl-5(S)- 

phenyloxazolidine-2-thione (MPOT)(31) as a chiral auxiliary. This heterocycle was - - 
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synthesized from condensation of norephedrine with carbon disulfide in THF. 3- 

Acetyl-4 (R)-methyl-5 ( S )  -phenyloxazolidine-2-thione (AMPOT) was prepared by N- 

acetylation of MPOT and was enolated by stannous trifluoromethanesulfonate 

(triflate) and N-ethylpiperidine in dichloromethane at low temperature.19 

Subsequent treatment with isobutyraldehyde gave a mixture of diastereomers 32 -" 
and 33 in a ratio 89 : 11 which was checked by HPLC. The mixture was chromato- - - 
graphed on a silica gel column to isolate the major product 32 as the optically -" 
pure compound in 68% yield." The absolute configuration was confirmed by a 

comparison of the specific rotation value of its hydrolysate 34 with that shown - - 
in literatureZ1 (Scheme 14). 

1) enolation 

Subsequently, 4(S)-ethyl-3-acetyl0~a~01idine-2-thione having an opposite configu- 

ration at the position 4 was enolated similarly and isobutyraldehyde was subjected 

to aldol condensation with this enolate to give a mixture of diastereoisomers in 

a ratio 91.4 : 8.6. The confirmation of the absolute configuration of the major 

product was made by the specific rotation value of the free acid. Thus, the 

enantiomer of 34 was highly selectively obtained. 2 0 "- 

The next problem is the C-C bond formation between segments A and B . ~ ~  Our first 

strategy was in the condensation between anionic segment A (35) and active - - 
carbonyl compound 36 (Scheme 15). We first tried acylation at the C-2 methyl - - 
group of carboxylic acid 37, its ethyl ester 38, and its t-butyl ester 39 under 

" - - - - - 
several metal-containing basic conditions. But, undesirable results were 

encountered, similarly to the case of Meyer's group. 23'24 ; the C-5 was metalated 

exclusively in 37 and 39. - - - - 



Scheme 15 

RP 

Hence, a C-5 p r o t e c t i n g  d e r i v a t i v e ,  4-t-butoxycarbonyl-2-methyl-5-trimethylsilyl- 

1,3-oxazole ( 4 0 ) ,  was prepared from 39 by t r e a t m e n t  w i t h  t r i m e t h y l s i l y l  c h l o r i d e .  - - -- 
On t r ea tmen t  wi th  ri-BuLi a t  - 7 8 Y  i n  THE under argon gas  and then  w i t h  MeI, 

compound 40 gave an  unexpected ketone 4 1 ,  i n s t e a d  of t h e  d e s i r a b l e  p roduc t  - - " - 
methylated a t  t h e  2-methyl group. The s i m i l a r  t r e a t m e n t  of 40 w i t h  t-BuLi a t  - - 
-9E•‹C fol lowed by Me1 a f fo rded  an  unusual  Michael-type a d d i t i o n  p roduc t  4 2  i n  good - - 
y i e l d  under  e l i m i n a t i o n  of t h e  t r i m e t h y l s i l y l  group. Compound 40 was s t i r r e d  w i t h  

" - 
Nan i n  THE i n  t h e  presence  of 18-crown-6 a t  room temperature  under n i t r o g e n ,  and 

t r e a t e d  wi th  Me1 t o  g i v e  unexpected hydrogenolys is  p roduc t  29  (Scheme 1 6 ) .  

t-BuO 

' T y M e  Scheme 16 
Me,Si 0 

1) n-BuLi 1 THF 1) NaHI THFI 
18-crown-6 

2) Me1 .-78 'C 2)Mel.-98 " C  2)MeI. r. t .  

n-Bu t-BuO t-BuO 

~ " p > M e  '%$-Me *%Me 
MejSi t-Bu 0 

41 - 42 - 39 
N 
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Then, t h e  compound 29  was brominated wi th  NBS i n  CC14 under i r r a d i a t i o n  i n  t h e  

presence  o f  c a t a l y t i c  benzoyl p e r o x i d e t o  g i v e  2-bromom_ethyl-4-t-butoxycarbonyl- 

1.3-axazole (BMBO) ( ? 2 ) ,  which was s u b j e c t e d  t o  benzenesu l fony la t ion  under t h e  

presence  of c a t a l y t i c  18-crown-6 t o  a f f o r d  2-benzene=ulfonyl-methyl-4-t-htoxy- 

carbonyl-1.3-oxazole (BSMBO) ( 4 4 1  (Scheme 1 7 ) .  
" - 

PhS02 Na.2 Hz0 
NBSI C C I 4  ~-B,,o 18-crown-6 
h u  MeCN - > 

Scheme 17 
BSMBO (!'I), d i s s o l v e d  i n  THF i n  t h e  p resence  of NaH, was t r e a t e d  w i t h  a c y l a t i n g  

e l e c t r o p h i l e  g, 45, o r  4! a t  low temperature  t o  a f f o r d  t h e  corresponding 

d e s i r a b l e  p roduc t  48. 49. o r  50. r e s p e c t i v e l y  (Scheme 1 8 ) .  
2 2 

1-BuO 

B S M B O ( g )  
I )  NaH/THF.-15.--1O.C I )  NaH1THF.-15-IO'C 

2 )  PhCOCl . -78 'C  2) Me(CH2)6COOPO(OEt )2 

% 1) NaHITHF .-15--1O'C -30--2O'C 

2) t4?vOPO(OEt)2 

0si+0 55 
v v - 30 - -20 .C  f 

1-BuO t-BuO 1-BuO 

0 0 OSi,+ 
48 
U 

49 
N Ly 

Scheme 18 
Without p u r i f i c a t i o n ,  compounds 49 and 50 were sub jec ted  t o  t h e  r e d u c t i v e  - - -- 
d e s u l f o n y l a t i o n w i t h A l ( H g )  i n  90% THF - 10% H20 mixture  a t  room temperature  t o  

g i v e  t h e  d e s i r a b l e  p roduc t s  51 and 52,  r e s p e c t i v e l y  (Scheme 19) .22  S y n t h e s i s  of  52 -- "- -- 



forms an important model experiment for construction of the oxazole moiety of 

virginiamycin M2. 

5 2  
rV 

Scheme 19 

Thus, BSMBO-carbanion was shown to be equivalent to the anion ? 5  (R = t-Bu) 

Subsequently, the substitution reactions of BMBO (43) with some carbanions were 

investigated. The desirable products !!a % !!$ were obtained in various yields, 
25 

respectively (Scheme 20). 

t-Bu t-BuO 

" Nu"  

- - 
(EtOl, PCHSMe 53c Nu =-FH-$(OEt 

Cy 
2 4 

6 ii MeS 0 

Severi 

Li<sMe 

SMe 
0 

11 substitution 

53, 0 % ~  54 - SMe 
H 

scheme 20 

:action of BMBO (43) with sulfide, oxide, and iodide anions. - - 
Desirable products 53e % 53k were obtained. --- "--  
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?!? Nu = -0OCMe Yield ( % )  82 

53f --- -OH 32 

Sulfone 522 is a notable compound for construction of the C-C bond between 
segments A and B. The compounds !!g ?. 53i were oxidized with rn-chloroperbenzoic --" 
acid to give the corresponding sulfoxides, which will be similarly useful for the 

same purpose. Thus BMBO (42) can be utilized as the cationic synthon ?!. 2 4 

A model experiment was carried out by the condensation of asymmetrically synthe- 

sized model compound 55 with BSMBO anion and subsequent reductive desulfonylation - - 
of the resulting product afforded the desired compound 5 6 .  

Asymmetric synthesis of B-hydroxy-a-methyl aldehyde system in the segment C was 

carried out by the aldol condensation between enolate of 3-propionyl homolog of 

AMPOT and isobutyraldehyde followed by protection of the secondary alcohol and 

subsequent treatmentwithdiisobutylaluminum hydride. The modified Wittig reaction 

(Horner, Wadsworth-Emmon's modification) donverted aldehyde into a,@-unsaturated 

carboxylic acid ester; thus the synthesis of the segment C was accomplished. 



hide bond formation between the segments B and C was investigated. As the 

result, thiazolidine-2-thione phenylphosphonamide (TTPPA) ( 5 2 )  was shown to be 
very useful. As a model experiment, we synthesized amide 5 8  effecfively. In this 

case, aminolysis of 3-acylthiazolidine-2-thione was not suitable, because amide 

59 was not stable for purification. -- 

The same procedure was useful for amide bond formation between segments A and D. 

Finally, the results obtained so far from our model experiments for the total 

synthesis of virginiamycin M2 are summarized as follows. 

1. BSMBO was symthesized as an equivalent compound for the segment A. 

2. A n  optically active functional heterocycle MPOT was utilized as a chiral 

auxiliary for the asymmetric synthesis of the a.6-unsaturated alcohol moiety 

in the segment B and of the chiral part in the segment C. 

3. BSMBO anion was allowed to react with compound 5 5  to form a C-C bond where - - 
MPOT was utilized as a good leaving group in an activated amide. 

4. TTPPA was utilized for the amide bond formation between the segments B and C 

and between segments A and D. 

Thus, numerous problems for the total synthesis of virginiamycin M2 were solved in 

the model experiments. In these experiments, utilization of functional hetero- 

Cycles such as TT, MPOT, and TTPPA was developed, which should be emphasized. 

The total synthesis of virginiamycin M2 itself is now in process in my laboratory 

on the basis of those useful findings. 
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In  t h e  f i r s t  t o p i c ,  it was d e s c r i b e d  t h a t  development of a new h e t e r o c y c l e  4 ( R ) -  

MCTT l e d  t o  a new c h i r a l  i n d u c t i o n  procedure .  Impor tant  r o l e  o f  t h e s e  f u n c t i o n a l  

h e t e r o c y c l e s  i n  t h e  f i e l d  of o r g a n i c  s y n t h e s i s  w i l l  be i n c r e a s e d  more and more. 

E s p e c i a l l y  u t i l i t y  of t h e  c h i r a l  h e t e r o c y c l e s  as t h e  c h i r a l  a u x i l i a r i e s  w i l l  be  

i n c r e a s e d .  
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