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Non-Charged Thiamine Analogues as 
Inhibitors of Enzyme Transketolase

Pyrazole Modeling and SAR

Thiophene Modeling and SAR

Thiazolone SAR
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Glu418 binds N1 and orientates 
TPP in a V shape: the 4-NH2
group is in the vicinity of the C2 
carbon of the thiazolium ring.

N1 is protonated
generating the 
4-imino group

The 4-imino group 
abstracts the C2 proton 
of the thiazolium ring

Covalent bond 
formation with the 
donor (Xul-5-P)

Catalysis by thiamine requires thiazolium
deprotonation

Non-charged B-ring analogs can not act as a cofactor in this process
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Inhibition of the thiamine-utilizing enzyme transketolase (TK) has
been linked with diminished tumor cell proliferation (Boros, et al.
Cancer Res. 1997, 57(19), 4242). 

Most thiamine antagonists except thiamine thiazolone have a
permanent positive charge on the B-ring, and it has been suggested
that this charge is required for diphosphorylation by thiamine
pyrophosphokinase (TPPK) to enable binding to TK. 

We sought neutral thiazolium replacements that would be substrates
for TPPK, while not necessarily needing thiamine transporters

(ThTr1 and ThTr2) for cell penetration. 

Transketolase (TK) as a cancer target

1- Model depicting orientation of amino pyrimidine of thiamine pyrophosphate in TK (white) and TPPK (green)
2- Similarity between thiamine pyrophosphate  (orange) and deazathiamine pyrophosphate (white) 
3- Overlay of thiamine and deazathiamine in TK binding pocket
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Pyrazole Synthesis

Apo-TK (binding to thiamine-free transketolase)
Requires pyrophosphate or pyrophosphate mimic

TPPK (substrate for thiamine pyrophosphokinase)
Indirect; measures disappearance of NADH

Coupled Apo-TK/TPPK
Eliminates need to make pyrophosphate
Sufficient time allowed for complete PP formation

Cellular (inhibition of TK activity in HCT116 cells)
Indirect: measures disappearance of NADH

Thiophene Synthesis
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In vitro assays for thiamine 
“pro-drug” mimetics

Thiamine thiazolone is a better binder to TK than thiamine
Consistent with the literature, thiamine thiazolone had TPPK activity
comparable to thiamine

Thiazolone analogs, including novel N3P-TT, possessed low
micromolar cellular potency against TK in an HCT116 cell line

A permanent charge is not required for TPPK activity 
but cell potency against TK is poor

Preferred

Overlays of pyrazole analogs with thiamine

Pyrazole isomers docked into TK structure

Conclusions
References for deazathiamine and thiophene synthesis:
Leeper, et al. Org Biomol Chem. 2004, (2), 1732
Leeper, et al. J. Chem Soc. Perkin Trans. 2001, (1) 144
Fevig, et al. J. Org. Chem. 2001, 66, 2493

O

Cl

O

O

NaHS1)

2)

O

O

O

S

O

RO

O

OR

S

O

RO

O

O

HO

O HCl

One Pot Process

R=H 50%
R=Me 0%

R= H

S OH

N

HN
R1 NH2

NH
N

N
S

OH

R1

NH2

N

H
N

KOtBu, DMSO
55°C, 2h

NaOEt, 80°C
24h

S

OH

O

H1) LAH

2) MnO2

Base: % conversion

NaOMe:
NaH:
nBuLi (-70°C):
KOtBu:
LHMDS:

0
20
70
15
80

Non-permanently charged thiamine mimetics can be substrates for TPPK
Pyrophosphates of non-charged mimetics antagonize the activity of TK in vitro
Low micromolar non-pyrophosphate TK inhibitors were identified in a thiophene series 
Cellular potencies were modest to poor
Future: improve cell potency by modifying properties and incorporating functionalities to enable recognition by
thiamine transporters.

Is positive charge necessary for TPPK activity? 
 

TPPK binding site 
(bidentate interaction: red dotted line)

Thiamine interactions with TPPK residues

Mouse TPPK crystal structure is known (Timm, et al. J. Mol. Biol. 2001, 310(1), 195)

Two backbone amide carbonyls point toward the thiazolium cation suggesting a bidentate interaction 

Evidence for thiazolium requirement to be a substrate for TPPK (Voskboyev, et al. Ann. N.Y. Acad. Sci. 1982, 378, 161)

Evidence against thiazolium requirement to be a substrate for TPPK (Kandiko, et al. Biochem. Pharm. 1988, 37, 4375)
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