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Azolium ylides react with dialkyl acylphosphonate to form generally 

six membered azine derivatives by ring expansion of the azolium 

heterocycle. This article gives a survey of the reaction with thia- 

zolium, thiadiazolium, oxazolium, oxadiazolium, and imidazolium, 

and also discusses the relationship of the nature of 4'-suhtituents to 

the stability and reactivity of thiamine and its analogues in this novel 

reaction. 

Many reports have been published on the mechanism of decarboxylation of pyruvate 

by the enzyme pyruvate decarboxylase, and since the thiazolium ylide hypothesis was 

proposed by Breslow' interest has especially centred on the formation of 2-suktituted 

thiazolium compounds by the reaction of thiamine and the related thiazolium salts 

with various electrophiler. The authors themselves have tried the reaction with 

 aldehyde^,^ a-ketoaldehyde~,~ i rocyanate~,~ irothi~cyanates,~ and carbodiimides6 : 



chemical model experiments for the f i n t  step of the decarboxylation reaction. Com- 

pared with these electrophiles, dialkyl a~~lphosphonates react wi th thiamine and 

related thiazolium salts i n  better yields, giving the 3-0x0-2,3-dihydro-4H-thiazine 

ring system. 

When applied to other azolium salts,the acylphosphonate reaction proceeds i n  

almost the same way as wi th thiazolium, though some differences are observed de- 

pending on the character of the azolium salt used. These differences are mostly 

attributed to the character of heteroatom involved. In this paper we wish to give an 

outline of our studies on the acylphosphonate reaction wi th thiazolium, thiadiazolium, 

oxazolium, oxadiazolium, and imidazolium salk, as the results seem to be interesting 

for understanding the nature of azolium heterocycles. 

I. ~hiamine'-Iz 

This reaction is carried out under basic conditions as i t  involves a thiazolium y l ide 

as an intermediate. Our  experimental conditions were as follows: to an ice-cooled 

suspension o f  thiamine hydrochloride i n  dry dimethylformamide, three molar amounts 

of triethylamine and an equimolar amwnt of d ia lky l  acylphosphonate were added and 

the mixture was allowed to stand overnight at room temperature under nitrogen atmos- 

phere. Evaporation of the dimethylformamide, extraction wi th chloroform, washing 

the chloroform extract with aqueous sodium bicarbonate solution and evaporation of 

chloroform lef t  yellow crystals of I-phenyl-3(2-hydroxyethyl)-4,9-dimethyl-1,6-di- 

hydropyrimido[4',5'-4,5] pyrimido[2,3-c] [ 1,4] thiazine ( I l l )  i n  87% yie ld.  Wi th  

ordinary azolium salts which have no amino group participating i n  the reaction center, 
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Table 1 

R R 

OH OCOR 
Me Me 

I l l l a  l l Ib 

Conditions R' R l l l a  (%) IIIb (%) Total (%) 

4M.Et3N, 2M.11 Me0 Me 2 1 19 40 
EtO Me 24 30 54 
n-Pro Me 25 30 55 
n- BuO Me 23 27 50 

3M.Et3N, 1M.11 Ph, Me0 Me 54 - 54 

3M.Et3N, 1M.11 Me0 Ph 78 - 78 
EtO Ph 86 - 86 
n-Pro Ph 82 - 82 
n-Bu0 Ph 83 - 83 
Ph. Me0 Ph 64 - 64 

4M.Et3N, 2M.11 Ph, Me0 Ph 60 27 87 



i t  was necessary to treat the reaction mixture with alkali after evaporation of di- 

methylformamide. 

Compound (I l l)  produced aminolactam (IV) by alkaline hydrolysis, and oxidation of 

the product (IV) with hydrogen peroxide formed V, which was rearranged to VI by 

acyloin type rearrangement. This compound (VI) regenerated thiamine (I) and benzoic 

acid by the action of hydrogen chloride (Chart 1). Hydrolysis of the aminolactam (IV) 

with conc. hydrogen chloride gave VI I  which was identified with a n  authentic sample, 

and the acetate (VIII) of the reaction product (I l l)  itself was synthesized by the route 

shown in Chart 2. Thus, i t  was shown that this phorphonate reaction is a unique re- 

action involving ring expansion of the thiazolium ring to a 3-0x0-2,3-dihydro-4H- 

1,4-thiazine ring system. 

This reaction proceeds not only with dialkyl acylphosphonater, but also with methyl 

phenylbenzoylphosphinate. Different phosphonater and phosphinater used, quantities, 

and products are shown i n  Table 1 .  

11. ~ e c h a n i s m ' ~  

The mechanism of this novel reaction was elucidated using 3-benzyl-4-methyl-5- 

(2-benzoyloxyethyl)thiazolium halide (XVI) as starting material. Reaction of the 

thiazolium salt (XVI) with diethyl benzoylphosphonate in triethylamine-dimethyl- 

formamide and evaporation of the solvent left an intermediate whose structure was 

determined as a 1 : 1 adduct of thiazolium and benzoylphosphonate, 2-(I-diethyl- 

phosphoroyl)benzyl-3-benzyl-4-methyl-5-(2-benzoyloxyethyl)thiazolim halide 

(XXI). Alkaline treatment of this adduct (XXI) effected ready rearrangement to the 

final product, 2-phenyl-3-oxo-4-benzyl-5-methyl-6-(2-benzoyloxyethyl)-2,3-di- 
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hydro-4H-l ,4-thiazine (XXIV), while action of amines on the intermediate (XXI) 

gave imino derivatives (XXVI, XXVII) corresponding to XXIV (Chart 3). 

From this data i t  can be suggested that the reaction proceeds as follows: thia- 

zolium ylide (XVII) formed by triethylamine treatment reacts with the carbonyl carbon 

of acylph~s~honate to give betaine XVIII, the anion of which attacks the pentavalent 

phosphorus atom to form a cyclic oxyphosphoraneXIX, which easily rearranges to the 

intermediate betaine (XX). 

O n  alkaline treatment the atsorption maxima at 229 and 276 nm of XXI immedi- 

ately disappear and a strong maximum at 373.5 nm simultaneously appears. The 

intensity of the new band decreases gradually and the final spectrum shows the same 

pattern as XXIV. The rate of decrease showed pseudo first order kinetics. I n  view of 

this spectral consideration, XXI might rearrange to the final product (XXIV) via XXII, 

formed by deprotonation of the active methine proton of XXI. 

The evidence for rearrangement in the conversion of XVl l l  to XXI might also be of 

value for elucidation of the mechanism of the Perkow reaction. 

Ill. Thia~ol ium"- '~ 

The a~~lphorphonate reaction observed with thiamine i s  also applicable to general 

2-unrubatituted thiazolium salts, 3-oxo-2,3-dihydro-4H-1,4-thiazine derivatives be- 

ing obtained by treating the reaction mixture with aqueous alkali. 

With dimethyl acylphosphonates the intermediates were obtained as O-methyl-0- 

I-(2-thiazolium)ethylphosphoric acid betaine (XXXI) (Chart 4). Results and yields of 

4-methylthiazolium and benzothiazolium salts are shown on the Tables 2 and 3. 

Concerning the sutstituent effect at the 4 and 5 positions of thiazolium bearing a 
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Table 2 

R l  R 
XXX 
(%I 

XXX 



Compd. Substituentr mP Yield 
No. RI R (CO) (%) 

XXXIlla PhCH, Ph 126-131 73 

XXXlIlb Me Ph 153-156 37 

XXXll lc PhCH, Me oi l  48 

XXXlIld PhCH, PhCH, oi l  73 

XXXll le PhCH, p-Me-Ph 137-141 21 

XXXIIIf PhCH, p-CI-Ph 153-155 53 

XXXll lg p-NO,-PhCH, Ph oi l  85 

(2-methyl-4-amino-5-pyrimidinyl)methyl group a t  the 3 position, we found that the 

compound reacted with dialkyl acylphosphonate i n  the presence of triethylamine to 

give corresponding 1,4-thiazine derivatives XXXVa,b in about 80% yield when the 

5-suktituent was P-hydroxyethyl or unrubatituted (R = CH2CH20H or H, XXXIVa,b), 

while with XXXlVc (R = COOEt) or benzothiazolium (XXXIVd), the yield of 1,4- 

thiazine product (27-28%) decreased markedly evenwhen triethylamine was added to 

the suspension of dialkyl acylphosphonate and thiazolium. Reversing the order of 

addition of triethylamine and acylphosphonate to the thiazolium s a l t s  gave only 
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tr icycl ic dihydrothiochrome derivatives (XXXVIIc,d), formed by nucleophilic addi- 

tion of 4'-amino g rwp  to the thiazolium 2 position (Chart 5). These differences 

according to substituents are attributed to the stability of the thiazolium ylide (XL) 

formed by the action of triethylamine: unsutatituted ylides or those bearing a 5-alkyl 

g r w p  (XXXIVa, b) are comparatively stable and the 2-carbanion attacks the acyl 

carbon of a~~lphosphonate; however, i n  the case of XXXIVc,d, quasi-aromatic 

resonance stabilization by n electron participation is inhibited by 4,5 suktituents, 

and the 2 position of thiazolium is attacked by the 4'-amino group as an electro- 

phil ic reaction center, resulting i n  formation of dihydrothiochrome derivatives 

(XXXVII) via an intramolecular cyclization (Chart 5). 

IV. Thiadiazolium 

From the observation that the 2 hydrogen of 3-substituted 1,3,4-thiadiazolium 

exchanges about 3000 times faster than the 2 hydrogen of thiazolium," i t  is con- 

cluded that thiadiazolium has both higher nucleophilic and electrophilic character 

than thiazolium, a result of introduction of the electronegative nitrogen atom into the 

nucleus. 

The acylphosphonate reaction with simple thiadiazolium salts proceeded in the 

same way as that with thiazolium compounds. However, the reaction with 3-(2- 

methyl-4-amino-5-pyrimidinyl)methyl-l ,3,4-thiadiazolium salts and 3-methyl-4- 

(2-methyl-4-amino-5-pyrimidinyl)methyl-l,2,4-thiadiaolium salts, which have 

an amino group located i n  a position where i t  can easily participate at the reaction 

center, showed some differences i n  reaction behaviour. 

i )  1,2,4-~hiadiazolium.'~ Reaction of 3-methyl-4-benzyl-l,2,4-thiadi- 

azolium bromide with diethyl a~et~lphosphonate and ben~o~lphmphonate gave the 



ring expanded products 4-benzyl-5,6-dihydro-3,6-dimethyl(and 3-methyl-6-phenyl)- 

5-oxo-4H-1,2,4-thiadiarine i n  10 and 7% yields respectively., I t  may be supposed 

that these low yieldr are due to instability of 1,2,4-thiadiazolium. On the other 

hand, the action of dialkyl benz~~lphosphonate on 3-methyl-4-(2-methyl-4-amino-5- 

pyrimidiny1)methyl-l.2,4-thiadiazolium bromide (XLI) under moist conditions yielded 

IOa-(l-dialkylphorphoroylbenzy1)4,5,10,10a-tetrahydro-3,8-dimethyl-1,2,4-thia- 

diazolo[4',5'-1 ,2]pyrimido[4,5-dlpyrimidine (XLII), f o n e d  by nucleophilic addition 

of the 4' amino group to the 5 position of the intermediate (XLIV), and the ring ex- 

panded product 4-(2-methyl-4-amino-5-pyrimidinyl)methyl-3-methyl-6-phenyl-4H- 

1,2,4-thiadiazin-5(6H)-one (XLIII). The intenediate (XLIV) was obtained by the 

acid treatment of XLII, and alkaline treatment of the intenediate (XLIV) effected 

rearrangement to XLll and XLIII. The same treatment of the N-carbamate (XLVI) of 

XLIV yielded the 1,2,4-thiadiazine derivative (XLVII) only (Chart 6). 

i i )  1,3,4-~hiadiazolium.'~ Reaction of simple 1,3,4-thiadiazolium salts with 

dialkyl acylphorphonate gave 5,6-dihydro-5-0~0-4H-l,3,4-thiadiazines in a b u t  60% 

yield as shown i n  Table 4. The same reaction with 3-(2-methyl-4-amino-5-pyrimi- 

dinyl)methyl-1,3,4-thiadiazolium brmide (L), however, yielded IOa-(l-dimethyl- 

phosphoroylbenzyl)-10, 1Oa-dihydro-8-methyl-5H-pyrimido[4,5-dl -1,3,4-thiadiazolo- 

[3,2-alpyrimidine (R1 = H, U) similarly as found with 1,2,4-thiadiazolium deriva- 

tives. Hydrolysis of LI with water caused rearrangement to aminolactam (LIII), while 

treatment with aqueous sodium bicarbanate-sodium carbonate solution gave 4,lO-di- 

hydro-7-methyl-4-phenylpyrimido[4',5'-4,51 pyrimidoI 1,2-dl1,3,4-thiadiazine 

(RI = H, R = Fh, LII), which was transformed to 5, 10-dihydro-2-methyl-9-phenyl- 

pyrazoloI 1,5-alpyrimido[4,5-dlpyrimidine (R1 = H, R = Ph, LIV) by desulfurization 
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(R'O),PCOR base 

at  -50- -60" 

B i  R  = Ph, Me 

La: RI = H R ' =  Me, Et 

b: R, = Ph 

Lla: RI = H, R  = Ph, R' = Me 
b: R, = R  = Ph, R' = Me 
c : R I = H , R = R ' = M e  
d: R, = Ph, R  = R' = Me 

LIIa: R  = Ph, R1 = H 
b: R  = RI = Ph 
c : R = M e , R 1 = H  
d: R  = Me. RI = Ph 

Pyridine 

. , 
e: RI = H, R  = Ph, R'  = Et 

LIIIa: R  = Ph, RI = H 
b: R  = R, = Ph 
c : R = M e ,  R , = H  
d: R  = Me, RI = Ph 

LIVa: R  = Ph, R1 = H  
b: R  = RI = Ph 

Chart 7 
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Table 4 

RI R 
mp (OC) Yield 

R2 [ bp 'C/mmHgl (%) 

under alkaline conditions (Chart 7). 

V .  O ~ a z o l i u m ' ~  

In the phosphonate reaction with oxazolium salts, 0 - [  1-phenyl-2-0x0-2-(N- 

phenacylbenzylamino)ethyl]O,O-dimethyl phosphate (LVI), having a ring-opened 

phosphate rtructure,war obtained as intermediate. The formation of LVI may be ex- 

plained by the difference in nucleophilic and tautomeric character of the enolate and 

thiolate anions in the hydrolyzed form. Enolate anion formed by hydrolysis of the first 

intermediate, 2-(1-phosphoroylbenzyl)oxazolium salt, tautomerizes to carbonyl, and 

as the nucleophilicity of the latter i s  low, no rearrangement to 1,4-oxazine deriva- 

tives occurs; hydrolysis of the thiazolium intermediate, however, gives a thiolate anion 

having high nucleophilicity, and this immediately rearranges to the final 1.4-thiazine 



derivative. 

Action of strong base on LVI resulted in 3-0x0-2,3-dihydro-4H-1.4-oxazine 

(LVII), analogues of the products in the thiazolium-phosphate reaction, and 2- 

oxoazetidine derivatives (LVIII) which were formed by the nucleophilic attack of 

carbanion at the 4-position of the oxazolium salt, promoted by deprotonation of the 

active methylene group (Chart 8). 

LVI 

P? 
R ' - N ~ O  

R2 R3 

LVII 

influence 

Chart 8 

le ratio of products LVII/LVIII was clearly d by the types of subrtituents 

R and R2, as shown in Table 5. In particular, no 1,4-oxazine derivative war obtained 

when R = R2 = Ph, but the ratio of trans/cis product i n  LVIl l  became about 1 when 

R2 = Me (Table 6). I t  might be thought that the stereospecific cyclization proceeds by 

charge-transfer interaction between R =  Ph and R2 = Ph groups in the transition state in 

SN2 substitution reaction. 
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Table 5 

Table 6 

0 H 0 Ph 

R, = H dl u::: 7.6% dl 
Me----N 

dl::: 2.7% 
M e - - - N  

COPh COPh 

VI. Oxadiaroliumz' 

1,3,4-Oxadiazolium salts show the same reaction behaviour as oxazolium salts. 

Ring-opened intermediate LX was isolated, and this rearranged to 5-0x0-5,6-di- 

hydro-4H-1.3.4-oxadiazine derivative (HI) on alkali treatment as shown in Chart 9. 



LIX Chart 9 LX 55-65% LXI 

Kinds of acylphosphonates, produck, and yields are shown in Table 7. In  the re- 

action of 3-ethyl-5-phenyl-l,3,4-oxadiazolium with diethyl phenyla~et~lphos- 

phonate, a side reaction forming LXl l  by deprotonation of the active benzylic position 

was observed. 
0 
II 

PhCONH-N-CO-C- P (OEt), 
I I1 
Et CHPh 

LXll 

Table 7 

63 66 

65 60 

not isolated 12 

not isolated 3 

55 37 

61 47 

61 65 

25 54 

58 27 

62 24 



HETEROCYCLES, Vol. 2, No. 4, 1974 

VII. ~ m i d a z o l i u m ~ ~  

Reaction of N,N-disubstituted imidazolium and benzimidazolium salts with di- 

alkyl acylphorphonate i s  somewhat different from the corresponding reaction with 

thiazolium salts. The imidazolium salts reacted with acylphosphonate to form 1 : 1 

adducts, 1 ,3-diaIkyl-2-(dialkylphosphoroylbenzyl)imidazolim halide (LXIV, LXVI) 

or 0 -a l ky l -0 - I - ( I  ,3-dialkyl-2-imidazolium)benzylphosphoric acid betaine (LXXII) 

in high yields, but the anticipated 1,4-diazine or quinoxaline derivatives (LXXIII) 

were not obtained on alkaline treatment of these intermediates, only the hydrolyzed 

products (LXV-LXXI) being obtained as shown in Chart 10. Changer i n  the subrti- 

tuentr on the nitrogen atoms at position 1 and 3 i n  the benzimidazolium salts (LXVb-d) 

also failed to affect the course of the reaction and did not result i n  quinoxaline 

derivative formation. In  the case of 1 ,3-dimethyl-5-nitrobenzimidazolium iodide, 

however, the ring-opened product (LXXVI) was readily obtained on alkaline treat- 

ment, but ring closure to a quinoxaline derivative could not be effected. The only 

care i n  which a quinoxaline derivative was formed was in the treatment of LXXV 

with dimethylsulfoxide under neutral conditions, 1,4-dimethyl-3-hydroxy-3-phenyl- 

7-nitro- l,2,3, 4-tetrahydro-2-0x0-quinoxa line (LXXVII!) being obtained i n  moderate 

yield together with LXXVla and LXXVI! (Chart 11). Chart 12 outlines a pmsible 

mechanism for this reaction in dimethyl sulfoxide. 

The differences i n  the behaviour of thiazolium and imidazolium adducts mentioned 

abave are attributed to the enhanced stability of the imidazolium ring system toward 

alkali  and lower n ~ c l e o p h i l i c i t ~  of nitrogen compared to sulfur. 

VIII.  Relationship of the type 4'-Subatituent to  the Stability and the Reactivity of 

Thiamine and Its A n a l o g ~ e s . ~ ~ , ~ ~  



the 
I la,  R = Ph 

LXVa IIb, R = Me 

Lo 
/ \ 

EtO OEt 

excess N-CHO 

I 
Me LXVll 

0 
II 

LXVa + PhCOOEt + Ph-CH-C-Ph + 
(1  eq.) I 

LXVll l  OH 

LXlX 

the 
LXX 

Chart 10 
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0 I 
L W a  + :$-COR - OH- - - x x  + w u  

Ilc-d: R = Ph, Me I P Me P=O 
/ \ 

M e 0  0' 
LXXIIa: R = Ph, b: R = Me 

R, = Ph LXVlc: R1 = Me, R2 = Ph 
X = I  R, = Ph 

c: R1 = Ph d: R, = Ph, R, = PhCH, 
R, = PhCH, 

R, = Ph 
X =  & 

e: RI = Ph 
d: R, = Ph R2 = p-NO2-Ph-CH, 

R2 = pNOz-Ph-CHz 
R3 = Ph 

X =  Br 

- 
IIc-d 

Chart 10 (continued) 

/ \ 
-0 OMe 

LXXIIc: R, = Me, R2 = Ph 
R, = Ph 

d: R, = Ph, R, = CH,Ph 
R, = Ph 

e: R, = Ph 
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We have previously reported the reaction of thiamine with various electrophiler 

such as  aldehyde^,^ glyoxals,3 i~ocyanates ,~  i s o t h i o ~ ~ a n a t e s , ~  and carbodiimides6 as 

chemical model experiments for the first step of the decarboxylation. Compared wi th 

these electrophiles, dialkyl acylphosphonates react wi th thiamine and other thiazolium 

salts i n  better yields, giving 1,4-thiazine derivatives as f inal products by the ring 

expansion of thiazolium. On the influence exerted by 4'-substituents on the co- 

carboxylase act iv i ty  of thiamine analogues, Sykes et reported that there i s  no 

relationship between the pKa value o f  a thiamine analogue and its ab i l i t y  to catalyse 

acetoin formation. However, there are large differences between these chemical 

model experiments and actual enzymatic  condition^.^^ Now we have used this re- 

agent to investigate the reactivi ty of thiamine analogues, especially that at the 

thiazolium 2-position, by studying the reaction of diethyl benzoylphosphonate wi th 

4'-substituted thiamine analogues (LXXX), 3-(2-methyl-4-substituted-5-pyrimidiny1)- 

methyl-4-methyl- (LXXXI) and 3-(2-substituted benzyl)-4-methyl-5-(2-hydroxyethy1)- 

thiazolium salts (LXXXII). Comparison of reactivities of the analogues i n  aprotic 

solvents i s  o f  particular interest, considering the hypothesis of Lienhard and ~rosb?'  

that catalysis i n  thiamine pyrophosphate dependent enzymatic reactions may be due i n  

large part to binding of the thiazolium nucleus to a hydrophobic region of the enzymes. 

Prior t o  a study of reaction wi th acylphosphonate, the reactivi ty of the C 2 position 

i n  suhti tuted thiazolium salts was examined by the technique of hydrogen-deuterium 

exchange rate determination; also, the stability of thiazolium molecules under the 

reaction conditions was determined by measurement o f  the formation of the thiazole 

moiety (LXXXIII). 

The hydrogen-deuterium exchange rates (k,h./[OD-I) of substituted thiazolium 
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salts i n  an acetate buffer did not vary significantly either on replacement of the 

pyrimidine nuclei by other rings or by change of substituentr in the respective rings, 

as shown in Table 8. This suggests that nucleophilic attack of the thiazolium ylide 

carbanion to pyruvate i n  water in the in i t ia l  step of the decarboxylation i s  not 

affected i n  vitro by the nature of the 4'-substituent nor by that of the ring, as was 

indicated i n  model experiments on the acetoin formation. 

Table 8. Rate Constants for Exchange of the 2-Hydrogen of Thiamine Analogues 

and N-Substituted Thiazolium Salk in an Acetate Buffer 

Compounds 
Temp. lo9.[ OD-] Ib.kobs. (kok ./[ODy] ) 
PC) pD M sec-I M-I .sec-' 



Regarding the stability of the substituted thiazolium salts under the same con- 

ditions as those obtaining i n  the phosphonate reaction, triethylamine treatment of 

the thiazolium salts in N,N-dimethylformamide solution or suspension gave rise to 

the thiazole moiety (LXXXIIO by cleavage of the bond between the pyrimidinyl- 

methyl carbon and the thiazolium nitrogen. From the results shown i n  Table 9, i t  i s  

seen that the hydroxy compound i n  each series shows very high ability to form the 

thiazole moiety (LXXXIII), while in contrast the unrubstituted and the amino deriva- 

tives i n  the pyrimidine series are conriderably more stable under these reaction con- 

ditions. Thus, the 4'-amino group of thiamine must make some contribution not only to 

stability, but also to the enzymatic activity, since there i s  l i t t le difference between 

Table 9. Yields (%) of 4-Methyl-5-(2-hydroxyethyl)thiazole (LXXXIII) from 

Treatment of Thiazolium Salts (LXXX and LXXXII) with Base 

G &fJR 

LXXX 

@e 
LXXXIl 

trace 

trace 

trace 

9 

63 
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the formation of thiazole from thiamine and from the 4'-H analogue (deamino- 

thiamine, LXXXa). The reactions with acylphosphonate were then carried out in 

the light of this preliminary knowledge. 

Reaction of these thiazolium salts with diethyl benzoylphosphonate was carried 

out i n  N,N-dimethylformamide solution or suspension using triethylamine as a base. 

The reaction mixtures were kept at room temperature overnight, then solvent war 

removed i n  vacuo. Except where the compounds had an amino substituent (LXXXb 

and LXXXIld), the residues were treated with aqueous ethanolic sodium hydroxide 

for 30 min a t  60°. The reaction mixtures were extracted with chloroform and 

separated using preparative layer chromatography. Products and yields are listed i n  

Table 10. 

I t  is seen i n  Table 10 that there are large differences in reactivity i n  the thiamine 

analogues (LXXX) depending on the substituent (RJ; this i n  spite of the fact that 

significant differences were not recognized i n  the hydrogen-deuterium exchange rates 

in water. Thus, thwgh 1,4-thiazine derivatives were obtained i n  good yields when 

R3 = H or NH2, the yields of 1 ,4-thiazine derivatives and 2-substituted thiazoles 

decreased markedly when the substituent R3 was NHMe or NMe2. In  thiamine 

analogues (LXXX) and the 3-(2-methyl-4-rubstituted-5-pyrimidinyl)methyl-4-methyl- 

thiazolium salts (LXXXI), the order of the yields of normal ring expanded products 

obtained in the acylphosphonate reaction was almort comparable with the order of 

magnitude of the stabilities of the C - N  bonds. O n  the contrary, products in 3-(2- 

substituted benzyl)-4-methyl-5-(2-hydroxyethyl)thiazolim salts (LXXXII) were l i t t le 

affected by the substituent R3. The large dependence of the reactivity in this re- 

action on the nature of the nucleus and the substituent R3 i s  in interesting contrast to 
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the acetoin formation experiments i n  water where such dependence was not observed. 

The total yields of products substituted at the thiazolium 2 position are shown in Table 

11. In  addition to the above, comparison of each series shows that the presence of 

both substituentr, the pyrimidine nucleus and the hydroxyethyl group at the 5 position, 

is necessary for appearance of the substituent effect of 4'-substituents. 

Table 11. Total Yields (%) of the Products which was Subtituted at 2 Position of 

Thiazolium in the Benzoylphosphonate Reaction 

M e N R  
Compds. 

x- Me 

R LXXX LXXXI LXXXIl 

NH2 
NHMe 

Consideration of the roles of both substituents suggests the possibility of direct or 

indirect mutual intramolecular interaction between these substituents, such that the 

pyrimidine and thiazolium rings are fixed in a constant conformation and the 4 ' -sub 

stituent R3 and the 2 position of the thiazolium ring are i n  proximity to each other, 

the yields of products substituted at the 2 position i n  thiamine analogues (LXXX) con- 

sequently being decrease by steric repulsion between 4'-rubstituents and the entering 

electrophile to an extent proportional to the bulkiness of 4'-substituent, as shown in 



XCV. I f  we compare the conformation of thiamine (LXXXb) mentioned above to that 

presented by S~hel lenberger,~~ we see that the 4'-substituent is close to the thia- 

zolium 2 position, and the 4'-amino group is located i n  a position where i t  can easily 

act to release an aldehyde molecule as intramolecular catalysis, thus w r  proposed 

conformation furnisher support for S~hellenberger's~~ hypothesis. In  the coenzyme, 

however, the hydroxyethyl suktituent exists as pyrophosphate ester. The role of this 

pyrophosphate g rwp  is thought to be as a binding site for apoprotein, but i t  may have 

the additional role of fixing the coenzyme molecule in a constant conformation by 

interaction with the pyrimidine nucleus. O n  this point, work is now i n  progress to 

see whether these suktituent effects found i n  thiamine analogues apply to their pyro- 

phosphate esters too. 

XCV 
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