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ON THE REACTION OF AZOLIUM YLIDES WITH DIALKYL ACYLPHOSPHONATE;

A NEW SYNTHESIS FOR HETEROCYCLIC COMPOUNDS

Akira Takamizawa*, Hiroshi Harada, Hisao Sato and Ygshio Hamashima

Shionogi Research Laboratory, Shionogi & Co., Ltd.,

Fukushima-ku, Osaka, 553 Japan

Azolium ylides react with diatky! 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'-substituents 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-substituted
thiazolium compounds by the reaction of thiamine and the related thiazolium salts
" with various electrophiles. The authors themselves have tried the reaction with

aldehydes,? a-ketoaldehydes,? isocyanates,* isothiocyanates,® and carbodiimides® :
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chemical model experiments for the first step of the decarboxylation reaction. Com-

pared with these electrophiles, dialkyl acylphosphonates react with thiamine and
related thiazolium salts in better yields, giving the 3~oxo-2,3-dihydro-4H-thiazine
ring system,

When applied to other azolium salts, the acylphosphonate reaction proceeds in
almost the same way as with 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 invelved. In this paper we wish to give an
outline of our studies on the acylphosphonate reaction with thiazolium, thiadiazolium,
oxazolium, oxadiazolium, and imidazolium salts, as the results seem to be interesting
for understanding the nature of azolium heterocycles.

I. Thiamine’ "

This reaction is carried out under basic conditions as it invelves a thiazolium ylide
as an intermediate. Qur experimental conditions were as follows: to an ice-cooled
suspension of thiamine hydrochloride in dry dimethylformamide, three molar amounts
of triethylamine and an equimolar amount of diatkyl acylphosphonate were added and
the mixture was allowed to stand overnight at room temperature under nitrogen atmos—
phere. Evaporation of the dimethylformamide, extraction with chloroform, washing
the chloroform extract with aqueous sodium bicarbonate solution and evaporation of
chlorofarm left yellow crystals of 1-phenyl-3{2-hydroxyethyl)-4, ?-dimethyl-1, 6-di-
hydropyrimido[4',5'-4,5] pyrimido[2,3-c] [ 1, 4] thiazine (III) in 87% yield. With

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

N _NH, ? Me N N
hig I+ _(RLPCOR, 11
Ly - h h
__ QCOR
CI Me &OH
1 Mla Ik
Conditions R R Illa (%) 11lb (%) Total (%)
4M-EtN, 2M-11 MeQ Me 21 19 40
E+Q Me 24 30 54
n-PrC Me 25 30 55
n=-B8uQ Me 23 27 50
3M-Et;N, TM-II Ph, MeQ Me 54 - 54
3M-EnN, TM-II MeO Ph 78 - 78
EtO Ph 84 - 86
n-PrO Ph 82 - 82
n=BuQ Ph 83 - 83
Ph, MeQ Ph 64 - 64
AM-ExN, 2M.11 Ph, MeO Ph 40 27 87
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it was necessary to treat the reaction mixture with alkali after evaporation of di-
methylformamide.

Compound (IlI) 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 VII which was identified with an authentic sample,
and the acetate (VIII} of the reaction product (II1) itself was synthesized by the route
shown in Chart 2. Thus, it was shown that this phosphonate reaction is a unique re-
action involving ring expansion of the thiazolium ring to a 3-oxo-2,3-dihydro-4H-
1,4-thiazine ring system.

This reaction proceeds not only with dialkyl acylphosphonates, but also with methyl
phenylbenzoylphosphinate. Different phosphonates and phosphinates used, quantities,
and products are shown in Table 1.

1. Mechanism'

The mecihanism of this novel reaction was elucidated using 3-benzyl-4-methy!-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 thiazelium and benzoylphosphonate, 2-(1-diethyl-
phosphoroy|)benzyl-3~benzyl-4-methyl-5-(2-benzoyloxyethyl)thiazolium halide
(XXI). Alkaline treatment of this adduct {XX!) 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-1, 4-thiazine (XXIV), while action of amines on the intermediate (XXI)
gave imino derivatives {XXVI, XXVII) corresponding to XXIV (Chart 3}.

From this data it can be suggested that the reaction proceeds as follows: thia-
zolium ylide (XVII) formed by triethylamine treatment reacts with the carbonyl carbon
of acylphosphonate to give betaine XVIII, the anion of which attacks the pentavalent
phosphorus atom to form a cyclic oxyphosphorane XIX, which easily rearranges to the
intermediate betaine (XX).

On alkaline treatment the absorption maxima at 229 and 276 nm of XXI immedi-
ately disappear and a strong maximum at 373.5 nm simuitanecusly appears. The
intensity of the new band decreases gradually and the final spectrum shows the same
pattem as XXIV. The rate of decrease showed pseudo first order kinetics, In 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 XVIII to XXI might also be of
value for elucidation of the mechanism of the Perkow reaction.

1. Thiazolium'-'

The acylphosphonate reaction observed with thiamine is also applicable to general
2-unsubstituted 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-Q-
1-{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.

Conceming the substituent effect at the 4 and 5 positions of thiazolium bearing a
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Table 2
XXX
Ry R (%)
PhCH, @CI 55
PhCH, @m 59
PhCH, @ 52
Me CH,Ph 28
Me Ph 50
Me Me 52

—529—



(EYO),PCOR {Il) _

Table 3

[

AL
HC-OP(OE),

+ + OH™ )'L-<
R-N7 s Ri-NZ s — R-N7 s

&M &
X X

L -
XXX XXX
Compd. Substituents mp Yield
NO. R] R (CO) (%)

XX XIlla PhCH, Ph 126-131 73
XXXk Me Ph 153-156 37
XAXlle PhCH, Me oil 48
XXXIIid PhCH, PhCH, oil 73
XXXlile PhCH, p-Me-Ph 137-141 21
XXXIITE PhCH, p~Cl~Ph 153-155 53
XXXllg p~-NQ,-PhCH,  Ph oil 85

{2-methyl-4-amino-5-pyrimidiny|)methy! group at the 3 pesition, we found that the

compound reacted with dialkyl acylphosphonate in the presence of triethylamine to

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

5-substituent was B-hydroxyethy| or unsubstituted (R = CH,CH,OH or H, XXXIVa,b),

while with XXXIVe (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 salts gave only
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HETEROCYCLES, Vol. 2, No

tricyclic dihydrothiochrome derivatives (XXXVlle,d), formed by nucleophilic addi-
tion of 4'-amino group 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: unsubstituted ylides or those bearing a 5-alkyl
group (XXXIVa,b) are comparatively stable and the 2-carbanion attacks the acyl
carbon of acylphosphonate; however, in the case of XXXIVc,d, quasi-aromatic
resonance stabilization by w electron participation is inhibited by 4,3 substituents,
and the 2 position of thiazolium is attacked by the 4'-amino group as an electro-
philic reaction center, resulting in formation of dihydrothiochrome derivatives
(XXXVII} via an intramolecular eyclization (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,” it is con-
cluded that thiadiazolium has both higher nucleophilic and electrophilic character
than thiazolium, a result of introduction of the elecironegative 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-
methy|-4-amino-5-pyrimidinyl)methyl-1,3, 4-thiadiazolium salts and 3-methyl-4-
(2-methy}-4-amino-5-pyrimidinyl)methyl-1,2, 4-thiadiazolium salts, which have
an amino group located in a position where it can easily participate at the reaction

center, showed some differences in reaction behaviour,

i) 1,2,4~Thiadiazolium,® Reaction of 3-methyl-4-benzyl-~1,2,4-thiadi-

azolium bromide with diethyl acetylphosphonate and benzoylphosphonate gave the

—5 33—
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ring expanded products 4~benzyl-5, 6-dihydro-3, 6=dimethyl{and 3-methyl-6-phenyl)-
5~oxo-4H-1,2,4-thiadiazine in 10 and 7% yields respectively. It may be supposed
that these low yields are due to instability of 1,2, 4-thiadiazolium. On the other
hand, the action of dialkyl benzoylphosphonate on 3-methyl-4-{2-methyl-4-amino~5-
pyrimidinyl)methy(-1,2,4-thiadiazelium bromide (XLI) under moist conditions yielded
10a=(1-dialkylphosphoroylbenzyl)4,5, 10, 10a~ tetrahydro-3, 8-dimethyl-1, 2, 4-thia-
diazolo[4',5'-1,2] pyrimido[4,5-d] pyrimidine (XLII), formed by nucleophilic addition
of the 4' amino group to the 5 posifion of the intermediate (XLIV}, and the ring ex-
panded product 4-({2-methy|-4~amino-5-pyrimidinyl)methyl-3-methy|-6-phenyi-4H-
1,2 ,4-thiadiazin=-5(6H})-one (XLIII). The intermediate {XLIV) was cbtained by the
acid treatment of XLII, and alkaline treatment of the intermediate (XLIV) effected
rearrangement to XLII and XLIli, The same treatment of the N-carbamate (XLVI) of
XLIV yielded the 1,2,4~thiadiazine derivative (XLVII) only (Chart 8).

ii} 1,3,4-Thiadiazolium.!?  Reaction of simple 1,3,4-thiadiazalium salts with

dialkyl acylphosphonate gave 5, 6-dihydro-5~oxo-4H-1, 3, 4-thiadiazines in about 60%
yield as shown in Table 4. The same reaction with 3-(2-methyl|-4-aminc-5-pyrimi-
dinyl)methyi=1,3,4~thiadiazolium bromide (L), however, yieided 10a-{1-dimethyl-
phosphoroylbenzy!)-10, 10a-dihydro-8-methyl-5H-pyrimido[ 4, 5-d] -1, 3, 4-thiadiazolo-
[3,2-a]l pyrimidine (R; = H, LI} similarly as found with 1,2, 4-thiadiazolium deriva-
tives. Hydrolysis of LI with water caused rearrangement to aminalactam (LI}, while
treatment with aqueous sodium bicarbonate-sodium carbonate solution gave 4, 10-di-
hydro=7-methy|-4-phenyIpyrimido] 4',5'-4, 5] pyrimide[ 1,2-d] 1, 3, 4-thiadiazine

(R, = H, R=ph, LII), which was transformed te 5, 10~-dihydro-2-methyl~9-pheny|-

pyrazolo[ 1,5-a] pyrimido[ 4,5-d] pyrimidine (R; =H, R = Ph, LIV) by desulfurization
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(R'O),PCOR
Pyridine

at room temp.

H R
Me%\l N\‘—S base Me\r,N N\ S

\I»v N*\\J/\,N\/)\

N R N R,

Lla: R, =H, R=Ph, R' = Me
b: R =R = Ph, R' = Me
c:R =H, R=R' = Me
d: Ry =Ph, R=R'= Me

e: R, =H, R=Ph, R* = Et

Llla: R=Ph, Ry =H
b: R=R,=Ph
c: R=Me, Ry=H
di R = Me, R; =Ph

heat or base
aq. EfOH aq. E1OH

Me,. N lI-ll R

LIVa: R=Ph, Ry =H
b: R =R, = Ph

Chart 7
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Table 4
? O R
RZ—N\/\S (EtO),PCOR - RZ—N\) _<S
N= N=
X Ry Ry
XLVIII XLIX
R R R mp (°C) Yield
! z [ bp °C/mmHg] (%)
Ph Me Ph 137-138 63.2
Ph Me Me oil
Ph PhCH, Ph 115-120 62.5
H PhCH,  Ph [ 140-150/0.15]
Ph PhCH, Me oil

‘under alkaline conditions {(Chart 7).

V. Oxazolium?®

In the phosphonate reaction with oxazolium salts, O-[ 1-phenyl-2-ox0-2-(N-

phenacy1benzy|amino)ethy|]0,0—dimethyl phosphate (LVI), having a ring-opened

phosphate structure, was 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-phosphoroylbenzyljoxazolium salt, tautomerizes to carbonyl, and

as the nucleophilicity of the latier is 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
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derivative.

Action of strong base on LVI resulted in 3-oxo-2,3-dihydro-4H-1,4-oxazine
{LVII), analogues of the products in the thiazelium~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).

Ol R
Il {0
+ AN {MeO),PCOR OP(OMe), Base
R-NZ N0 > RFN: 0
Rz Ry Ry Ry
LV Lvi
)JO_(R O /R
RN 9] +
P( R;-N—1—R,
R, Ry COR,

Chart 8

The ratic of products LVII/LVIII was clearly influenced by the types of substituents
R and R;, as shown in Table 5, In particular, no 1,4-oxazine derivative was obtained
when R =R, = Ph, but the ratio of trans/cis product in LVIII became about 1 when
R; = Me (Table 6). It might be thought that the steresspecific cyclization proceeds by
charge-transfer interaction between R = Ph and R, = Ph groups in the transition state in

SNZ substitution reaction.
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Table 5

+
Rl"N

Ry PhCH, PhCH, PhCH, Me Me Me  Me Me Me Me Me  Me Me
R, H H H H MeMe MePh Ph Ph Ph Ph Ph
Rz Ry Ry Ph Ph  Ph Ph Ph Ph Ph Ph Me Ph Me  Me Ph

N0

R Me PhCH,Ph  Ph Me CH,Ph Ph Me Me CH,Ph CH,Ph Ph Ph

n
(MeO),PCOR
LVIL (%) 5 8 2 18 1317 05134 5 1 - -
LVIII (%) - - 14 10- - 12 305 - - 1622
Table 6
Ph/COPh-trans in LVIII Ph/COPh-cis in LVIII
o H O Ph
I Ph L-H
R, = H dl | 7.6% dl 2.7%
Me--N—}H Me---N—]"H
COPh COPh
O H O Ph
T | _YH
R, = Me di 6.2% dl 5.6%
Me~"N—}"Me Me--N—]-Me
COPh COPh
O Ph 0 H
. H |_1_Ph
R, = Ph dl 21.1% dl 0.8%
Me=--N-—}~-COPh Me----N—~~COPh
Ph Ph

VI. Oxadiazolium?!

1,3,4-Oxadiazolium salts show the same reaction behaviour as oxazolium salts,
Ring-opened intermediate LX was isolated, and this rearranged to 5~oxo-5,6~di-

hydro-4H-1,3,4-oxadiazine derivative (LXI) on alkali treatment as shown in Chart 9.
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(R'Q),PCOR L &
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Il
ei-N’ OP(ORY), OH
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-50~ -60° N—(
Ho R
LX 55-65%

Chart 9

LXI

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

action of 3-ethyl-5-phenyl-1,3, 4-oxadiazolium with diethy! phenylacetylphos-

phonate, a side reaction forming LXI1 by deprotonation of the active benzylic position

was observed.

f
PhCONH—li\l-CO- C“:— P (OEt),

Et CHPh
LXII
Table 7
Et—-ltl\‘/_\o cﬂ)
) N—-(R] (R'0),PCOR LX L1
BF, {%) (%)
R, R R
Ph Ph Et 63 66
Ph Ph Me 65 40
Ph Me Me not isolated 12
Ph CH;Ph Et noet isolated 3
Ph CH,Clip) Et 55 37
Ph C;HyBr(p) Et 61 47
Ph C4HyMe(p) Et 61 65
Ph CiHsOMe(p) Et 25 54
CHiCl(p) Ph Et 58 27
CH,OMelo) Ph Et 62 24
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VII. Imidazolium??

Reaction of N, N~disubstituted imidazolium and benzimidazolium salts with di-
atkyl acylphosphonate is somewhat different from the corresponding reaction with
thiazolium salts. The imidazolium salts reacted with acylphosphonate to form 1 : 1
adducts, 1,3-dialkyl-2-{dialkylphosphoroylbenzyl}imidazolium halide (LX1V, LXVI)
or O-alkyl-O-1-(1, 3-dialkyl-2~imidazolium)benzyl|phosphoric 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. Changes in the substi-
tuents on the nitrogen atoms at position 1 and 3 in the benzimidazolium salts (LXVb~d)
also failed to affect the course of the reaction and did not result in quinoxaline
derivative formation, In the case of 1,3-dimethyl-5-nitrobenzimidazolium iodide,
however, the ring-cpened product {LXXVI) was readily obtained on alkaline treat-
me;nt, but ring closure to a quinoxaline derivative could not be effected. The only
case in which a quinoxaline derivative was formed was in the treatment of LXXV
with dimethyl sulfoxide under neutral conditions, 1,4-dimethyi-3-hydroxy-3-phenyi-
7-nitro-1,2,3, 4-tetrahydro-2-oxo-quinoxaline (LXXVIil) being obtained in moderate
yield together with LXXVIa and LXXVII (Chart 11). Chart 12 outlines a possible
mechanism for this reaction in dimethyl sulfoxide.

The differences in the behaviour of thiazolium and imidazolium adducts mentioned
above are attributed to the enhanced stability of the imidazolium ring system toward

alkali and lower nucleophilicity of nitrogen compared to sulfur.

VIII. Relationship of the type 4'=Substituent to the Stability and the Reactivity of

Thiamine and Its Analogues ,23+24
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Ph-CH-OPL <= Base
E10),PCOPh (I « Io0°
+
R-NZON-R,  _EFO) Ma) R NP NAR,
x~ Ph  Ph Ph  Ph
LXIH, R, = Me or PhCH, LXIV
fr\e AIAe I~
Q H
N i Ny |
- EtO~
+ R - - +N
@I S+ BO>pcor - @: >—<I: R
N N
| e ?
Me 1la, R = Ph /P\=O
LXVa Ilb, R = Me EtQ OFt
LXVIa: R = Ph
Me b: R = Me
excess N-CHO
[
LXVIa : Me  LXVII

il
a + PhCOOEt + Ph-CH-C-Ph  +
(1eq.)

LXVIIL
LXIX
- -
Ph
N N ]
@I =0 4 ©:+\>—<r:H
N N o
Me Me
LXX LXXI
Chart 10
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Me

he

Me
O
O
e
LXXIIla: R = Ph
b: R = Me
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We have previously reported the reaction of thiamine with various electrophiles
such as aldehydes,? glyoxals,? isocyanates,* isothiocyanates,” and carbodiimides® as
chemical model experiments for the first step of the decarboxylation. Compared with
these electrophiles, dialkyl| acylphosphonates react with thiamine and other thiazoljum
salts in better yields, giving 1,4-thiazine derivatives as final products by the ring
expansion of thiazolium. On the influence exerted by 4'-substituents on the co-

1.25 reported that there is no

carboxylase activity of thiamine analogues, Sykes et a
relationship between the pKa value of a thiamine analogue and its ability to catalyse
acetoin formation. However, there are large differences between these chemical
mode| experiments and actual enzymatic conditions .28 Now we have used this re-
agent to investigate the reactivity of thiamine analogues, especially that af the
thiazolium 2-position, by studying the reaction of diethyl benzoylphosphonate with
4'~substituted thiamine analogues (LXXX), 3-(2-methyl-4-substituted=-5-pyrimidinyl)~
methyl-4-methyl- (LXXXI} and 3-{2-substituted benzyl)-4-methyl-5-(2-hydroxyethy!)-
thiazelium salts (LXXXII}. Comparison of reactivities of the analogues in aprotic
solvents is of particular interest, considering the hypothesis of Lienhard and Crosby?
that catalysis in thiamine pyrophosphate dependent enzymatic reactions may be due in
large part te binding of the thiazolium nucleus to a hydrophobic region of the enzymes.
Prior to a study of reaction with acyiphosphonate, the reactivity of the C 2 position
in substituted 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 of the formation of the thiazole

moiety (LXXXIII).

The hydrogen-deuterium exchange rates (kgps /1 OD™ 1) of substituted thiazolium
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salts in an acetate buffer did not vary significantly either on reptacement of the
pyrimidine nuclei by other rings or by change of substituents in the respective rings,
as shown in Table 8. This suggests that nucleophilic attack of the thiazolium ylide
carbanion to pyruvate in water in the initial step of the decarboxylation is not
affected in vitro by the nature of the 4'~substituent nor by that of the ring, as was

indicated n mode| experiments on the acetoin formation,

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

and N-Substituted Thiazolium Salts in an Acetate Buffer

Temp. 10°.[OD7] 10%.k 107¢ (k oD
Compounds (eqmc[:)) pD [M ] sec'olbs- IEAPRSS;-:/C[" )
Me
W R
+
N§I,N¢\S
CIT-HClI Me OH
R = NH, {LXXXb} 43 5.78 1.74 7.25 4,17
R = NHMe (LXXXc) 43 5.85 2.04 5.38 2.86
R=0OH (LXXXF) 43 5.68 1.38 2,22 1.61
R
e
X Mz_gOH
R =H (LXXXIIb) 40.5 6.00 2,89 3.86 1.34
X =Br
R = NH; (LXXXIId) 40.5 5.55 1.02 1.53 1.55
X = Cl=-HCI

—547—



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

ditions as those obtaining in the phosphonate reaction, triethylamine treatment of

the thiazolium salts in N, N-dimethylformamide solution or suspension gave rise to
the thiazole moiety (LXXXIID by cleavage of the bond between the pyrimidinyl-
methy| carbon and the thiazolium nitrogen., From the results shown in Table 9, it is
seen that the hydroxy compound in each series shows very high ability to form the
thiazole moiety {LXXXIII), while in contrast the unsubstituted and the amino deriva-
tives in the pyrimidine series are considerably more stable under these reaction con-
ditions, Thus, the 4'-amino group of thiamine must make some centribution not only to

stability, but also to the enzymatic activity, since there is little difference between

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

Treatment of Thiazolium Salts (LXXX and LXXXII} with Base

+
Me OH Me OH

LXXXII
G Me\r/N | R @R
Ny

R LXXX LXXXII
Cl 8
H trace 7
OMe
NH, trace 14
NHMe trace
NMe, g 6
OH 63 60
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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 in N,N-dimethylformamide solution or suspension using trigthylamine as a base.
The reaction mixtures were kept at room temperature overnight, then solvent was
removed in vacuo. Except where the compounds had an amino substituent (LXXXb
and LXXXIId), the residues were treated with agueous ethanolic sedium hydroxide
for 30 min at 60°. The reaction mixtures were extracted with chloroform and
separated using preparative layer chromatography. Products and yields are listed in
Table 10.

It is seen in Table 10 that there are large differences in reactivity in the thiamine
analogues (LXXX) depending on the substituent (R3); this in spite of the fact that
significant differences were not recognized in the hydrogen-deuterium exchange rates
in water. Thus, though 1,4-thiazine derivatives were obtained in good yields when
Ry = H or NH,, the yields of 1,4-thiazine derivatives and 2-substituted thiazoles
decreased markedly when the substituent R; was NHMe or NMe;. In thiamine
analogues (LXXX) and the 3-(2-methyl-4-substituted-5-pyrimidiny|)methy|-4-methyl-
thiazolium salts (LXXXI), the order of the yields of normal ring expanded products
obtained in the acylphosphonate reaction was; almost comparable with the order of
magnitude of the stabilities of the C-N bonds. On the contrary, products in 3-(2-
substituted benzyl)-4-methyl-5-(2~hydroxyethyl)thiazolium salts (LXXXII) were little
affected by the substituent Ry. The large dependence of the reactivity in this re-

action on the nature of the nucleus and the substituent Ry is in interesting contrast to
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the acetoin formation experiments in 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 substituents, the pyrimidine nucleus and the hydroxyethyl group at the 5 position,

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

Tabie 11. Total Yields (%) of the Products which was Substituted at 2 Position of

Thiazolium in the Benzoylphosphonate Reaction

Me N R Me N

R R
Compds, Y T
N&N’;\S w\s CI}JAS
Me 2oy Me Me £.0H

-
R LXXX LXXXI LXXXII

H o 93 55 60

NH, 90 67 77

NHMe 29 48

NMe, n 44 88

OMe 13 71 63

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 R; and the 2 position of the thiazolium ring are in proximity to each other,
the yields of products substituted at the 2 position in thiamine analogues (LXXX} con-
sequently being decrease by steric repulsion between 4'-substituents and the entering

electrophile to an extent proportional to the bulkiness of 4'=substituent, as shown in
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XCV. If we compare the conformation of thiamine (LXXXb) menticned above to that

presented by Schellenberger,? we see that the 4'~substituent is close to the thia-
zolium 2 position, and the 4'-amino group is located in a position where it can easily
act to release an aldehyde molecule as intramolecular catalysis, thus our proposed
conformation furnishes support for Schellenberger's?® hypothesis. In the coenzyme,
however, the hydroxyethy| substituent exists as pyrophosphate ester. The role of this
pyrophosphate group is thought o be as a binding site for apoprotein, but it may have
the additional role of fixing the coenzyme molecule in a constant conformation by
interaction with the pyrimidine nucleus. On this point, work is now in progress to
see whether these substituent effects found in thiamine analogues apply 1o their pyro-

phesphate esters too.
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