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Abstract-The major isomer o f  t e t r a h y d r o t h i a m i n  produced by NaBHq r e d u c t i o n  of th iamin  is - 
shown by IH nm.r. t o  be cis ( 5 )  and its conformat ion  is predominan t ly  ( 5 a )  which should be 

a major f a c t o r  i n  t h e  s t r o n g  i n h i b i t i o n  shown by i ts  pyrophosphate  ( 2 )  towards  t h e  

pyruva te  dehydrogenase complex a f  E.ooli. 

Thiamin pyrophosphate  ( 1 )  is an i m p o r t a n t  coenzyme invo lved  i n  t h e  enzymic c l e a v a g e  of  carbon- 

oarbon bonds a d j a c e n t  to oarbony l  groups1. The mechanisms of t h e s e  r e a c t i o n s  i n v o l v e  fo rmat ion  o f  a 

ca rban ion  a t  C-2 o f  t h e  t h i a m l e  r ing2 .  It has been found t h a t  a raoemic mix tu re  o f  t h e  d i a s t e r e o m e r s .  

( 2 )  and ( 3 ) .  of t e t r a h y d r o t h i a m i n  pyrophosphate  (which are  c a t a l y t i c a l l y  i n a o t i v e  ana logues  s i n c e  C-2 

is now sp3 h y b r i d i z e d )  is a p o t e n t  i n h i b i t o r  of  a number o f  th iamin  pyrophospha te - requ i r in8  enzymes 

such  as pyruva te  d e c a r b o r y l a s e 3  and t r a n s k e t o l a s e 4 .  We have found t h a t  t e t r a h y d r o t h i a m i n  

pyrophosphate  is a powerful  i n h i b i t o r  of t h e  pyruva te  dehydragenase complex of  E.coli and t h a t  t h e  

d i f f e r e n t  i somers  have s t r i k i n g l y  d i f f e r e n t  b ind ing  cons tan t s5 .  

The i somers  ( 2  and ( 3 )  o m  be o b t a i n e d  by pyrophosphory la t ion  o f  (5 )  and ( 6 )  which are  t h e  

p r o d u c t s  o f  r e d u c t i o n  of th iamin  ( 4 )  w i t h  NaBHq. However it has n o t  u n t i l  now been determined which 

r e d u c t i o n  produot  is ( 5 )  and v h i c h  is trans (6) .  I n  view o f  t h e  b i o l o g i c a l  r e s u l t s  it was of g r e a t  

i n t e r e s t  to  know ( i )  t h e  s t e r e o c h e m i s t r y  o f  t h e  isomers  of t e t r a h y d r o t h i a m i n  and ( i i )  t h e i r  

conformat ion  i n  s o l u t i o n .  i n  o r d e r  to deduce i n f o r m a t i o n  abou t  t h e  a c t i v e  s i t e  o f  t h e  enzyme. 

P resen ted  in  t h i s  paper are t h e  r e s u l t 3  of a 'H n.m.r. i n v e s t i g a t i o n  vh ich  p roves  t h e  s t e r e o c h e m i s t r y  

o r  t h e  major isomer t o  be c i s  a s  i n  ( 5 )  and g i v e s  a clear i n d i c a t i o n  o f  i ts  p r e f e r r e d  conformation.  - 

only one enantiorner shoun 
SEPARATION OF THE DIASTEREOMERS W TETRAHYDROTHIAMIN 

Thiamin was reduced d t h  NaBH4 and t h e  major  p roduc t  (m.p.147-148•‹C) p u r i f i e d  by r e p e a t e d  

r e o r y s t a l l i z a t i a n  as d e s e r i b e d  by Cla rke  and sykes6: A,,, (MeOH) 232, 273 : (0.lw HC1) 243 nrn . The 



minor isomer was obtained by h.p.1.c. of the mixture on a Varian Micropak HCH-10 (octadeoylsilane 

/silica) 0 d ~ n  (0.4 x 30 cm) eluting with 401 ( v / v )  methanol in water. The minor product was eluted 

first. Seven runs of 6 nmol each gave sufficient of the minor isomer for the n - 2 .  experiments. It was 

about 931 pure by n.m.r. and h.p.1.o.. 

Table 1. 'H n.m.r. of the isomers of tetrahydrothiamin 

Proton Major Ismer (5)a 

6 ooupling constants HZ' 
Ar-H 7.93 s 

H-Za 4.20 d 9.5(H-2b) 

H-2b 3.83 d 9.5(H-2a) 

H-5 3.79 ddd 10.0(~db),5.5(H-(1).4.5(~da) 

H-7a 3.70 ddd lO.'/(H-7b).7.2(Hda) .5.1(H-6b) 

H-7b 3.59 ddd 10.7(H-7a).7.1(Hda.6b) 
H-9a 3.63 s 

H-9b 

H-4 3.42 dq 6.2(H-5.H-8) 
ArCH3 2.44 s 
H d a  2.00 dddd 13.3(6b).7.4(7a97b).4.3(H-5) 
H d b  1.76 dddd 13.3(6a).10.4(H-5).6.8(7b).5.4(7a) 

H-8 1.10 d 6.8(H-4) 

Minor Isomer (6)b 

6 ooupling constants HZ' 
7.94 s 
3.93 d 9.5(H-2b) 
3.88 d 9.5CH-2a) 

3.29 ddd 10.8(H-6b).7.5(H-4).3.5(Hda) 

3.76 ddd ll.l(H-7b),6.8(H-6a).5.1(H-6b) 

3.64 m obscured 

3.14 d 13.9(H-9b) 
3.65 d 13.9LH-9a) 

2.95 dq 6.8(H-5,H-8) 

2.44 s 
2.13 dddd 13.8(6b).7.3(7a.7b).5.2(H-5) 
1.73 dddd 13.8(6a).10.8(H-5).5.9(7b).5.2(la) 

1.34 d 6.5(H-4) 

a Recorded in CD30D solution at both 400HHz and 250 MHz. 

Recorded in D20 solution at both 400HHz and 250 MHz. 
O As measured from the spectrum. Inaccuracies may occur where overlapping peaks are  not resolved. 

STEREOCHEMISTRY OF THE DIASTEREOHERS 

The 'H n.m.r. of the two isomers mesaured at 400 and 250 MHz are given in table 1. The assignments 

follow from the chemical shifts and ooupling patterns and were rigorously confirmed by decoupling 

experiments. To establish its stereochemistry , n.0.e. experiments were performed on the major isomer. 

The enhancements observed are shown in table 2. The n.0.e.'~ between H-4 and H-5 and from H-8 to H-6a 

and H d b  clearly show that the substituents at C-4 and C-5 are g to one another and so the majar 

isomer is (5). To confirm this assignment the corresponding n.0.e. experiments were performed on the 

signals due to the minor isomer in the unresolved mixture OF (5) and (6) (table 2)7. The n.O.e.'s 

between H-8 end H-5 and between H-4 and H-6 fully prove that this isomer has the trans stereochemistry 

Table 2. N.0.e.'~ observed for the isomers of tetrahydrothiamin. 
Major Isomer (5)d Minor Isomer (6)e 

Irradiated n.0.e.'~ observed Irradiated n.0.e.'~ observed 

H-8 H-2a.H-4.Hda.H-6b H-8 H-4. H-5 
H-6a H-6b.H-8 H-6a H-4,H-5 

H-4 H-5. H-8, H-9 H-4 H-6a.H-8 

H-5 H-4 H-5 H-6 b. H-8 

H -9 H-2b.H-4.H-5,AP-H 
H-2a H-Zb,H-8 

In CD30D solution at 400 MHz. 

In a D20 solution of the mixture of isomers at 250 MHZ~. 
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It has been observed t h a t  i n  s imple t h i a z o l i d i n e s  t h e  coup l ing  c o n s t a n t  between H-4 and H-5 is 

s m a l l e r  i f  t h e y  are  c i s  than i f  t h e y  are  t rans8.  In t h i s  case a l s o ,  J4+5 f o r  t h e  isomer (5.5 H z ) i s  - - 
s m a l l e r  than f o r  t h e  t r a n s  isomer (7.5 Hz).On chemical grounds it is reasonab le  t h a t  t h e  major produot  - 
of t h e  r e d u c t i o n  of thiamin is as t h e  hydr ide  h a s  been d e l i v e r e d  f ro?  t h e  l e s s  h indered  s i d e .  

CONFORMATION OF ( 5 )  AND ( 6 )  

There has  been c o n s i d e r a b l e  i n t e r e s t  i n  t h e  conformations o f  t h i a z o l i d i n e  rings8v9. These s t u d i e s  

conclude t h a t  t h e  most s t a b l e  conformation is o l o s e  t o  a h a l f  c h a i r  with N-3 and C-4 on o p p o s i t e  s i d e s  

o f  t h e  p lane  th rough  t h e  o t h e r  t h r e e  atoms. Thus t h e r e  are f o u r  p o s s i b l e  conformat ions  o f  t h e  

t h i a z o l i d i n e  r i n g  of (5).% (5a-d): t h e y  are  genera ted  by ( i )  f l i p p i n g  of t h e  r i n g  and ( i i )  i n v e r s i o n  

a t  t h e  n i t r o g e n  atom. A s  n.O.e.'s were observed from H-8 t o  H-2a and H-9 t o  H-5,it can be conoluded t h a t  

( 5 a )  is t h e  major conformation because o n l y  i n  t h i s  conformation do t h e  a p p r o p r i a t e  hydrogens come 

c l o s e  to each o t h e r  ( i n d i c a t e d  by arrow on t h e  diagram).  For o t h e r  conformations.  o t h e r  n.0.e.'~ would 

be p r e d i c t e d  Vhich were not  observed and so t h e  t ime  t h a t  a molecule spends i n  t h e s e  conformations 

must be smal l  c m p a r e d  with (5a) .  

HO 

H - 
H (ii) 

H 
Oc)  

F u r t h e r  evidence f o r  an a x i a l  s u b s t i t u e n t  on N-3, as i n  ( 5 d ,  can be found i n  t h e  chemical  s h i f t s  of 

H-2a and H-Zb and t h e  coup l ing  between them. It has been shown t h a t  i n  t h i a z o l i d i n e s  here  t h e  

n i t r o g e n  lone  p a i r  is t r a n s - d i a x i a l  wi th  a p ro ton  on C-2. t h e  s i g n a l  from t h a t  p ro ton  is moved u p f i e l d  - 
and t h e  geminal coup l ing  c o n s t a n t  is reduced to oa. 6 ~ 2 ' ~  but where t h e  n i t r o g e n  l o n e  p a i r  is 

a n t i p e r i p l a n a r  t o  t h e  C-S bond t h e  geminal  ooupling c o n s t a n t  is 9-10 ~ z ~ ~ * ~ ~ .  I n  ( 5 )  t h e  coup l ing  

betueen H-2a and H-2b (9.5 Hz) is as e x p c t e d  for t h e  conformation ( 5 a )  having an e q u a t o r i a l  lone  P a i r  

on n i t rogen .  Also t h e  a x i a l  p ro ton  on C-2 is t h e  downfield one (as  proved by t h e  n.0.e.) and it is 

e v i d e n t l y  no t  s h i f t e d  u p f i e l d  by a t r a n s  d i a x i a l  lone  p a i r .  - 
Though energy  d i f f e r e n c e s  betueen d i f f e r e n t  conformations of a five-membered r i n g  a r e  u s u a l l y  

s m a l l ,  i n  t h i s  case (53)  has  a l a r g e  e n e r g e t i c  advantage over t h e  o t h e r  conformations because t h e  

s u b a t i t u e n t  on n i h g e n  p r e f e r s  t o  be a x i a l  and i n  (5d)  models show c o n s i d e r a b l e  s t e r i c  compression 

between t h i s  a x i a l  s u b s t i t u e n t  and t h e  pseudo-axial  hydroxy-ethyl group on C-5. The tendency of 



nitrogen subs t i t uen t s  t o  occupy the  a x i a l  pos i t ion  in  1.3-diheterocycles has been observed often in  6- 

membered r ings1'  and reoent ly  in  1.3-dimethylimidazolidine also12. However t h i s  seems t o  be t he  f i r s t  

t ime it has been demonstrated in  a simple t h i azo l i d ine .  The e f f eo t  has been explained both by dipole- 

d ipole  repulsion between t he  lone p a i r s  on t he  two heteroatoms1•‹ and by a general  anomeric e f f e c t  i n  

which the  nitrogen lone pa i r  donates i n t o  the  antibonding o r b i t a l  of t he  adjaoent carbon-heteroatom 

bond1'. It is notable  t h a t  simpler 2-unsubstituted t h i azo l i d ine s  have JZapb = 9-10 and so they  

presumably a l so  e x i s t  with t he  nitrogen lone pa i r  equator ia l .  

The ooupling oonstant  between H-2a and H-2b in  ( 6 )  is a l s o  9.5 Hz. suggesting t h a t  again t he  

nitrogen subs t i t uen t  is axia l .  No n.0.e. was observed between H-8 and H-2a or 2b and so it is probable 

t h a t  the  major conformation is (6a )  though s i g n i f i c a n t  amounts of  o ther  conformatians may be in  

equil ibrium with it. 

The conformations deduoed fo r  ( 5 )  and ( 6 )  are for t he  free base, however addi t ion  of CD3C02D t o  the  

so lu t ion  of ( 5 )  in  CD30D caused only small  downfield s h i f t s  t o  the  protons near N-3 whereas addi t ion  

of CF3C02D caused l a rge r  s h i f t s  (up t o  0.3 p.pa.). No coupling cons tan t  was mate r i a l l y  a l t e r e d  on 

a c i d i f i c a t i o n  and a n.0.e. was still observed from H-8 t o  H-2% the r e fo r e  it seems l i k e l y  t h a t  t he  

prefer red  conformation remains unchanged. Thus it can be assuDled t h a t  conformation (5a)  i s  t he  

p r eva i l i ng  one a t  phys io logica l  pH. 

CONCLUSION 

The major produet of sodium borohydride reduction of thiamin is the  cis tetrahydrothiamin (5) 

which e x i s t s  l a rge ly  in  conformation (5a )  i n  so lu t ion .  A s  t h e  pyrophosphate of ( 5 )  is the  i s m e r  which 

b inds  more s t rongly  t o  the  pyruvate decarboxylase component of  t he  E.coli pyruvate dehydrogenase 

complex than thiamin pyrophosphate i t s e l f 5 ,  t he  conformation of ( 5 )  is l i k e l y  t o  be h ighly  s i g n i f i c a n t  

i n  determining the  s t r eng th  of binding of t he  i nh ib i t o r .  
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