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T h i a m i n e - q u i n o n e  a d d u c t s .  C o l o r i m e t r i c  d e t e r m i n a t i o n  of t h i a m i n e  
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Summary .  2, 3-dichloro-1, 4 -naph toqu inone  reacts  wi th  th iamine  in the  presence  of NH a to give a 1 : 2 adduct ,  for which 
s t ruc tu re  I I  is p roposed  on the  basis of analyt ica l  and spectroscopic  (IR) data .  Such a react ion is very  useful for 
t h i amine  q u a n t i t a t i v e  de te rmina t ion .  

Cont inuing our s tudies  1,2 on act ive methylen ic  compounds ,  
we have  inves t iga ted  the  react ion of th i amine  (vi tamin t31) 
w i th  quinoues in the  presence of ammonia .  In  th iamine ,  
the  hydrogen  a t  C-2 of the  th iazol ium group is easily 
d e p r o t o n a t e d  leading to the  anion I, which is i m p o r t a n t  
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for the  biological ac t iv i ty  of th iamine  3,*, For  this  reason 
th i amine  can be compared  wi th  act ive methy len ic  com- 
pounds  and should be expec ted  to reac t  wi th  quinones  
(the so-called Craven reac t ion  S,~). In  fact,  it  has  been  
observed  t h a t  th iamine  chloride hydrochlor ide  easily re- 
ac ts  wi th  several  quinones  in presence of a m m o n i u m  
h y d r o x i d e  giving rise to in tense ly  coloured solut ions (ta- 
ble). We have  s tudied  the  react ion be tween  th iamine  and 
2 ,3 -d ich lo ro- l ,4 -naph toqu inone  which gives the  more  sen- 
si t ive colour react ion for the  spec t ropho tome t r i c  deter-  
minat ion .  F rom this  react ion we have  isolated a red pro-  
duc t  (m.p.  235~ which  contains ,  by  e lementa l  analysis,  
t he  2 componen t s  in a molar  ratio of 2 : 1. The molecular  
a d d u c t  does no t  conta in  chlorine, p rov ing  t h a t  the  react ion 
takes  place wi th  comple te  deha logena t ion  of the  qu inone  ; 
moreover  it exhib i t s  proper t ies  of quinones  7. The  IR-  
spec t rum (3500-3000 cm -1 range, in Nujol  mull) shows 
t h a t  the  v(N-H) is lowered by  200 c m - '  wi th  respect  to 
t h a t  of the  N i t  2 group in th iamine .  This can be expla ined 
b y  hydrogen  bonding  be tween  NH 2 and  the  ca rbonyl  
groups.  The N - H  de fo rmat ion  is s imilar ly lowered and 2 
b a n d s  are p resen t  in the  1700-1600 cm -1 range, a t t r i bu t -  
able to v (CO) and assigned respect ively  to v (CO) (1668 cln -1 ; 
1670 cm -1 in the  n a p h t o q u i n o n e  alone) and to CO s t re tch-  
ing (1650 cm -1) of the  ca rbonyl  group h y d r o g e n - b o n d e d  
to  N H  v In  the  range 1400-600 cm -1, the  spec t rum is ve ry  
similar  to t h a t  of th i amine  excep t  for a b a n d  at  732 cm - t  
a t t r i bu t ab l e  to the 6(CH) of bonded  naph toqu inone  (709 
cm-1 in the  pure  quinone).  A weak b a n d  is still p resen t  

a t  690 cm 4 a t t r i bu t ab le  to the  v(C-S) (690 cm -1 in thi-  
amine).  On the  basis of these  data ,  it  is possible to ascribe 
to the  molecular  ad d u c t  the  s t ruc tu re  II. 
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The cal ibra t ion curve for the  dosage of th i amine  has  been 
ob ta ined  at  360 n m  by  measur ing  the optical  dens i ty  of 
mix tu res  conta in ing  known  a m o u n t s  of quinone and am- 
monia  and var iable  amo u n t s  of t h i amine  chloride hydro-  
chloride. The  reference for each  m e a s u r e m e n t  con ta ined  
the  same a m o u n t  of qu inone  and  a m m o n i a  as the  respec-  
t ive  sample  to be examined,  e l iminat ing  the  absorbance  
due to  the  react ion of the  quinone  wi th  ammonia .  The 
resul ts  ob ta ined  showed t h a t  the  opt ical  densi t ies  of t he  
red a m m o n i a  solut ions are a l inear funct ion  of the  th ia-  
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mine concen t ra t ion  in the  range 0.25.  10 4 to 3 .  10  -4  

mol/1, cor responding  to  a con t en t  of th i amine  be tween  8.4 
and  101 ~zg/ml. Such results  suggest  t h a t  th is  colour reac- 
t ion m a y  be used in the  spec t ropho tomet r i c  dosage of 
th iamine ,  because of the  r ap id i ty  and s impl ic i ty  of the  
procedure  wi th  respec t  to o ther  me thods  8-~. Similar in- 
ves t iga t ions  for th i amine  p y r o p h o s p h a t e  are in progress.  
Experimental. Visible spec t ra  were recorded using a R a n k  
Precis ion Uv ichem H 1600 S.T. Spec t r eopho tome te r ;  
1-cm s toppered  fused silica cells were used. Thiamine  
chloride hydrochlor ide  and  2 ,3-d ichloro- l ,4-naphtoqui -  
none (Fluka AG, Buchs,  Switzerland) were reagent  grade 
for analysis.  D i m e t h y l f o r m a m i d e  (DMF) was reagent  
grade  for spec t ropho tome t ry .  
P r epa ra t i on  of adduct .  A D F M  solution (5 ml) of 2,3- 
d i ch lo ro - l , 4 -naph toqu inone  (0.45 g; 0.02 mol/1 was added  
to the  solut ion of 1.35 g (0.04 mol) of th i amine  chloride 
hydrochlor ide  in 10 ml  of methanol .  This mixture ,  t rea-  

Colour reactions of thiamine chloride hydrochloride with several 
quinones in the presence of ammonium hydroxide 

Benzoquinone red-orange 
Toluquinone brown 
1,4-naphtoquinone red-orange 
2-methyl-l,4 -naphtoquinone yellow-orange 
2, 3-dichloro-l,4-naphtoquinone red 
1,2-naphtoquinone wine-red 
Chloranil  red-orange 
Cacotheline red-brown 
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Plots of optical density vs. thiamine chloride hydrochloride con- 
centration according to the law of Lambert-Beer. 

ted  wi th  2 ml of a m m o n i u m  hydroxide ,  (26~ imme-  
d ia te ly  assumed a deep red colour. The rea t ion  p r o d u c t  
begins to separa te  a t  room tempera tu re ,  and wi th in  2 h 
the  prec ip i ta t ion  is a lmost  complete .  The collected product ,  
washed  wi th  e thanol ,  was crystal l ized a few t imes  f rom 
w a r m  me thano l  and small  red crysta ls  were ob ta ined  
(m.p.  235~ U V  ~ma~ at  235, 280, 470 n m  (e = 36200, 
33000, 3400 respect ively) .  I R - b a n d s  a t  1669 cm ~1 and 
1650 cm -1 (vCO) ; 732 cm -1 (6C-H) ; 690 cm -1 (~C-S). The 
presence  of the  quinone  nucleus has been  de tec ted  as 
follows: a small  a m o u n t  of the  ad d u c t  was Suspended in 
me t h an o l  and a small  q u a n t i t y  of N a B H  4 was added.  To 
the  decolourized solution, a few drops  of H2SO 4, 0.1N 
were added  to des t roy  the  excess N a B H  4. The mix tu re  
was gen t ly  warmed  for a few min  and t h e n  t r ea t ed  wi th  a 
benzene  solut ion of d e h y d r o i n d a c u m :  immed ia t e ly  it 
assumed the  intense  blue colorat ion due to i n d acu mL  
Calibration curve. Solut ions of th iamine  chloride hydro -  
chloride and of 2 ;3-dichloro- l ,4-naphtoquinor te  in DMF, 
b o t h  10 3 M were prepared .  The DMF solut ion of t h i amine  
con ta ined  also 12% by  volume of water  to faci l i tate  dis- 
solution. The absorp t ion  spec t rum of the  D M F  solut ion of 
each c o m p o n e n t  was t r anspa ren t ,  in the  range 360-500 nm, 
whereas  the  ammonia  D M F  solution of the  quinone showed 
appreciable  absorbance.  The wave leng th  of 360 n m  was 
selected as the  mos t  appropr ia te  for the  cal ibra t ion 
curve. To this  purpose  a series of samples  was p repa red  
by  adding  known volumes (in the  range 0.25 to 3 ml) of 
D M F  10 .3 M th iamine  solut ion to 4 ml of D M F  10 .3 M 
2 ,3-d ich loro- l ,4 -naphtoquinone  solution. E a c h  of these 
samples  was t r ea t ed  wi th  0.1 ml  of a m m o n i u m  hydrox ide  
(26~ and di luted to a co n s t an t  volume of !0 ml  wi th  
DMF. The  samples  were allowed to s t and  for 5 min  before 
reading  the  opt ical  densit ies.  The reference sample  was 
made  adding  0.1 ml of a m m o n i u m  hydrox ide  (26~ to 
4 ml  of D M F  10-~ M 2 ,3-d ich loro- l ,4 -naphtoquinone  so- 
lut ion and  di lut ing to 10 ml w i t h D M F .  The figure shows 
the  l inear correla t ion be tween  optical  dens i ty  and thia-  
mine concen t ra t ion  in the  range 0.25.  10 .4 to 3 .  10-* 
mol/1, cor responding  to a con ten t  of th i amine  chloride 
hydrochlor ide  be tween  8.4 and 101 ixg/ml. 
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Summary. Clausarin (1), a novel  coumarin,  has  been isolated along wi th  m e t h y l  l inolenate,  den ta t in ,  clausenidin,  
fl-sitosterol and  hep taphy l l ine  f rom the  roots  of Clausena pen taphy l la .  Based on spectroscopic  evidence,  its s t ruc ture  
has been  es tabl ished as 3, 10-bis (1, 1-dimethylallyl)-8,  8 -d imethy l -5 -hydroxy-2H,  8H-benzo (1, 2-b : 5, 4-b') d ipyran-2-one.  

The e thanol ic  ex t r ac t  of the  roots  of Clausena p e n t a p h y l l a  
(Roxb.)  DC. (Rutaceae) on f rac t iona t ion  and column 
c h r o m a t o g r a p h y  over  neu t ra l  a lumina  afforded 6 com- 
pounds .  Of these,  5 were charac ter ized  as m e t h y l  lino- 
lenate  (GLC), d e n t a t i n l ,  ~ (major  component ) ,  clauseni- 
din~, fl-sitosterol and  hep taphy l l ine  3. The s ix th  one, 
ob ta ined  as a minor  cons t i t uen t  is a new coumar in  and has  
been n a m e d  as clausarin.  The p resen t  communica t ion  is 

concerned wi th  the  e lucidat ion of its s t ruc ture  as 3, 10- 
bis(1, 1-dimethylal lyl)-8,  8 -d ime thy l -5 -hydroxy-2H,  8H-  
benzo (1, 2-b: 5, 4-b') d ipyran-2-one  (1). 

Clausarin,  C24H~804, M+ 380, m.p.  208~ (d) showed ab- 
K B r  sorp t ion  at  v max 3220 (OH), 1670 (C=O), 1610 and  1590 

cm -1 (unsaturat ion)  ; ~ maxCH~OH 232 (log e 3.33), 282 (3.44) and 
338 n m  (3.21) respec t ive ly  similar to n o r d e n t a t i n  ~. Addi-  


