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PREPARATION OF DEUTERIUM-LABELED RUTIN BY HYDROGEN EXCHANGE REACTION 

K. Hiraoka and T. Miyamoto 
Funai Pharmaceutical Industry Co., Ltd. Central Research Laboratory 
3-11, Shodaitajika, Hirakata, Osaka 573, Japan 
S. Baba and T. Furuta 
Tokyo College o f  Pharmacy 
1432-1, Horinouchi, Hachioji, Tokyo 192-03, Japan 

SUMMARY 

Preparation of deuterium-labeled rutin by hydrogen exchange 

reaction under a1 kaline condition is described. 

positions 2 '  , 5' and 6' of rutin were replaced with deuterium only 
on heating, while hydrogens at positions 6 and 8 were readily replaced 

at room temperature. On the basis o f  these findings rutin-2',5',6',6, 

8-d5 was first prepared and then treated with alkaline water at room 

temperature to obtain rutin labeled with deuterium at positions 2',5' 

and 6'. 

Hydrogens at 

Key Words : Rutin-2',5',6'-d3, Deuterium, NMR spectrum, Basic hydrogen 

exchange reaction 

INTRODUCTION 

Rutin, a flavonol glycoside, has long been used in the treatment o f  disease 

states characterized by capillary bleeding associated with increased capillary 

fragility. The structure is as follows: 

OH 

O-ruti nose 
OH 0 

A tracer method provides a useful means for the metabolic studies o f  drugs. 

There have been several reports concerning the synthesis of radio isotope-labeled 

rutin. The Wilzbach method has been applied to prepare tritiated rutin.'" 
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Blanquet e t  a1 . 3  obtained b i o s y n t h e t i c a l l y  14C-labeled r u t i n  from V i o l a  t r i c o l o r  

us ing However, r a d i o a c t i v e  r u t i n s  thus obta ined appeared n o t  t o  be s u i -  

t a b l e  f o r  the metabol ic  study because o f  t h e i r  low s p e c i f i c  a c t i v i t y  and o f  the 

random labe l i ng .  I n  order  t o  e l u c i d a t e  the  metabol ic  f a t e  o f  t h i s  drug i n  man, 

r u t i n  l abe led  w i t h  s tab le  isotopes would be use fu l .  

p o r t s  a v a i l a b l e  concerning the synthes is  o f  s tab le  i so tope- labe led  r u t i n .  

14 C02. 

A t  present  t he re  are no re -  

We r e p o r t  here a convenient and inexpensive method f o r  t he  preparat ion o f  

t h ree  forms (rut in-6,8-d2, r u t i n - 2 ' , 5 '  ,6' ,6,8-d5, r u t i n - 2 ' , 5 '  ,6 ' -d3)  o f  

s e l e c t i v e l y  l abe led  r u t i n s  w i t h  deuterium by hydrogen-deuterium exchange 

r e a c t i o n  under m i l d  a l k a l i n e  cond i t i on .  

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  are uncorrected. NMR spect ra were determined w i t h  a JEOL 

JM-MH-100 spectrometer f o r  so lu t i ons  i n  methanol-d4 w i t h  te t ramethy l s i l ane  as an 

i n t e r n a l  standard. Column chromatogragpy was performed on a Sephadex LH-20 w i t h  

methanol as e luent .  Th in l a y e r  chromatography was performed on Merck DC-Fertig- 

p l a t t e n  Kieselge l  60F254. R f  values r e f e r  t o  the  f o l l o w i n g  so l ven t  systems ; 

n-BuOH : AcOH : H20 = 4 : 1 : 2 ,  AcOEt : HC02H : H20 = 10 : 2 : 3. 

Rutin-6 ,8-d2 

To a s o l u t i o n  o f  sodium hydroxide (0.04 g, 1.0 mmole) and deuterium oxide 

(3.0 g, 150 mmole) was added r u t i n  (0.30 g, 0.49 mmole). 

f o r  2 h r  a t  25" and then a c i d i f i e d  w i t h  10 % a c e t i c  ac id  (10 mL). 

ye l l ow ish  s o l i d  was co l l ec ted ,  washed w e l l  w i t h  water, and d r ied .  The crude s o l i d  

was chromatographed on a Sephadex LH-20.column w i t h  methanol as e luen t .  The 

methanol s o l u t i o n  was concentrated and t o  t h i s  was added water (50 mL). 

duct  was c r y s t a l l i z e d  from the s o l u t i o n  t o  g i ve  y e l l o w i s h  needles (0.26 g, 87 %)  : 

mp 193" ; N M R b  1.15 (3H, d, J=6.0 Hz, rhamnosyl-CH3), 6.83 ( lH ,  d, J=9.0 Hz, 

5 ' -H) ,  7.58 ( lH,  d o f  d, J=9.0 Hz, 2.0 Hz, 6 ' -H) ,  and 7.63 ( l H ,  broad s, 2 ' - H )  ; 

The m ix tu re  was s t i r r e d  

The r e s u l t a n t  

The pro-  

R f  0.45 (n-BuOH : AcOH : H20 = 4 : 1 : 2), R f  0.35 (AcOEt : HC02H : H20 = 10 : 2 : 

3 ) .  
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Rutin-2',5',6',6,8-dK 

A s o l u t i o n  of sodium hydroxide (0.58 g, 14.5 mmole) and r u t i n  (6.0 g, 9.8 mmole) 

i n  deuterium oxide (60.0 g, 3.0 mole) was heated a t  95" f o r  8 h r  i n  a n i t rogen-  

f i l l e d  sealed tube. 

ox ide (60.0 g, 3.0 mole). 

a c i d i f i e d  w i t h  10 % a c e t i c  a c i d  (200 mL). 

i n  the  same manner as the  procedure o f  rut in-6,8-d2. The p u r i f i e d  product  was 

obta ined as y e l l o w i s h  needles (4.80 g, 80 %) : mp 193" ; 

Hz, rhamnosyl-CH3); UVXk$H : 258, 267 (sh.), 297 (sh.),  362 nm ; R f  0.45 (n-BuOH : 

AcOH : H20 = 4 : 1 : 2), R f  0.35 (AcOEt : HC02H : H20 = 10 : 2 : 3) .  

The m ix tu re  was completely f reeze -d r ied  and was added deuterium 

The s o l u t i o n  was heated f o r  8 h r  i n  a s i m i l a r  manner, and 

The r e a c t i o n  m ix tu re  was then worked up 

NMRd 1.15 (3H, d, J=6.0 

Rutin-2',5' ,6'-d3 

To a s o l u t i o n  o f  sodium hydroxide (0.64 g, 16.0 mmole) and water (50.0 g, 2.8 

mole) was added rut in-2',5' ,6' ,6,8-d5 (4.80 g, 7.9 mmole). 

f o r  1 h r  a t  25" and then a c i d i f i e d  w i t h  10 % a c e t i c  a c i d  (150 mL). A f t e r  r e p e t i t i o n  

o f  t h i s  procedure the  crude s o l i d  was chromatographed on a Sephadex LH-20 column 

w i t h  methanol as e luent .  The product was c r y s t a l l i z e d  from the  s o l u t i o n  t o  g i v e  

y e l l o w i s h  needles (3.60 g, 75 %)  : mp 193" ; NMRd 1.15 (3H, d, J=6.0 Hz, rhamnosyl- 

CH3), 6.16 ( l H ,  d, J=2.5 Hz, 6-H), 6.38 ( l H ,  d, J=2.5 Hz, 8-H) ; UVh;t:H : 258, 267 

(sh.), 297 (sh.),  362 nm ; R f  0.45 (n-BuOH : AcOH : H20 = 4 : 1 : 2), R f  0.35 (AcOEt: 

HC02H : H20 = 10 : 2 : 3) .  

The m ix tu re  was s t i r r e d  

DISCUSSION 

To a suspended s o l u t i o n  o f  r u t i n  i n  deuterium oxide (1 : 10, w/w) a minimum 

amount o f  sodium hydroxide ( 2 . 2  molar) t o  d i sso l ve  r u t i n  was added and the  r e a c t i o n  

m ix tu re  was s t i r r e d  a t  25". 

a d d i t i o n  o f  10 % a c e t i c  a c i d  and the r e s u l t i n g  y e l l o w i s h  c r y s t a l l i n e  needles were 

co l  l e c t e d  by f i 1 t r a t i o n .  

The use o f  n.m.r. t o  f o l l o w  a t ime cource o f  t h e  exchange r e a c t i o n  revealed t h a t  

The r e a c t i o n  was terminated a t  0.5, 1 and 2 h r  by the  

hydrogens a t  p o s i t i o n s  6 and 8 were exchanged w i t h  d e u t e r i u m .  That i s  ; s igna ls  

a t  6.16 and 6.38 ppm corresponding t o  the 6- and 8-hydrogens, respec t i ve l y ,  

decreased w i t h  t ime and even tua l l y  disappeared i n  about 2 h r .  There was n o t  an 
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Time 

(h )  
1 
4 
8 
1 
4 
8 
1 
4 
8 
1 
4 
8 

extens ive exchange w i t h  deuterium a t  t h e  o the r  p o s i t i o n s  under these experimental 

condi t ions.  

The y e l l o w i s h  c r y s t a l s  obta ined above were washed w e l l  w i t h  water, d r i e d  and 

chromatographed on a Sephadex LH-20 column w i t h  methanol as e luen t .  

c a t i o n  procedure gave r i s e  t o  deuterated r u t i n  (rut in-6,8-d2) i n  90 % y i e l d ,  t h e  

p u r i t y  o f  which being checked by t h i n  l a y e r  chromatography (Rf  0.45, n-BuOH : AcOH : 

H20 = 4 : 1 : 2) .  

when the r e a c t i o n  was al lowed f o r  2 h r .  These r e s u l t s  were c o n s i s t e n t  w i t h  those 

described by Hand e t  a1.4 who t r e a t e d  r e s o r c i n o l s  w i t h  deuterium ox ide under m i l d  

a l k a l i n e  cond i t i ons  t o  observe r a p i d  exchange o f  a r y l  hydrogens w i t h  deuteriums. 

These authors a l so  found t h a t  t he  exchange r e a c t i o n  d i d  n o t  occur i n  catechols. 

Th i s  p u r i f i -  

The ex ten t  o f  deu te ra t i on  a t  p o s i t i o n s  6 and 8 was about 90 % 

I ngo ld  e t  a1.5 and K i r b y  e t  a1.6 repo r ted  t h a t  phenols, when heated about 100' 

under r e f l u x  i n  a l k a l i n e  deuterium oxide, were l abe led  w i t h  deuterium a t  p o s i t i o n s  

- ortho  and para t o  phenol ic  hydroxyl group. We employed t h e  r e a c t i o n  temperature 

o f  95" t o  o b t a i n  deuterium-labeled r u t i n  by the  r e a c t i o n  i n  the  catechol  r i n g  i n  

the presence o f  va ry ing  amounts o f  sodium hydroxide (1 .O, 1.6, 2.2 and 3.4 molar). 

The e f f e c t  o f  the amount of sodium hydroxide and o f  t he  r e a c t i o n  t ime  on the  ex- 

change r e a c t i o n  i s  shown i n  Table I .  As expected, almost complete exchange w i t h  

deuteriums o f  hydrogens a t  p o s i t i o n s  6 and 8 occurred under any o f  these r e a c t i o n  

condi t ions.  

2 '  , 5 '  and 6 '  were a l s o  exchanged. 

The changes i n  the n.m.r. spect ra i n d i c a t e d  t h a t  hydrogens a t  p o s i t i o n s  

An e f f e c t i v e  change was observed when t h e  amount 

Deuterium Content ( % ) 

C-6 C-8 C-5' C-2' + 6 '  

80 75 5 10 
85 85 45 35 
85 80 50 40 
85 80 5 15 
85 85 50 50 
85 85 55 50 
90 90 0 15 
85 85 10 35 
85 80 15 45 
85 80 0 25 
90 90 10 30 
90 90 10 40 

I NaOH pf 
1.6 

Chemical 

Y i e l d  (%) 
91 
84 
90 
90 
92 
89 
87 
83 
90 
62 
46 
43 

Table I Deuterat ion o f  Ru t in  a t  95" i n  1 0 - f o l d  D20 (w/w) 

a) Molar r a t i o  o f  NaOH aga ins t  r u t i n  
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Deuterated Rutin 
Rutin-6 ,8-d2 
Rutin-2',5',6',6,8-d5 

617 

Deuterium Content ( % )a) 
C-6 C-8 C-5' C-2'+ 6Ib) 
90 90 2 5 
95 95 95 70 

of sodium hydroxide was 1.6 molar and the extent of deuteration increased with 

increasing reaction time. The use of 3.4 molar sodium hydroxide resulted in the 

unfavorable degradation products increased with the prolonged reaction time. To 

obtain deuterated rutin (rutin-2' ,5' ,6' ,6,8-d5) with a higher deuterium content, 

rutin was first heated with 1.6 molar sodium hydroxide and 10.0-fold deuterium 

oxide for 8 hr. 

added 10.0-fold deuterium oxide. 

identification of the product was performed by m.p. measurement, UV absorption 

and thin layer chromatography. 

The reaction mixture was completely freeze-dried and to this was 

The solution was then heated for 8 hr. The 

The deuterium contents are given in Table 11. 

Rutin-2' ,5' ,6'-d3 2 2 90 70 

While hydrogens in the resorcinol ring were readily replaced with deuterium at 

room temperature, heating was needed to replace hydrogens in the catechol ring. 

The mechanism involved in the exchange reaction is probably 

intermediate which must be influenced by the attribute of aromaticity. 

ketone-enolate 

Two forms of labeled rutins (rutin-6,8-d2, rutin-2' ,5' ,6' ,6,8-d5) were thus 

obtained. 

study, because the stability o f  deuterium label at positions 6 and 8 i s  question- 

able during the metabolic pathway. 

However, these rutins do not appear to be suitable for the metabolic 

Based on the experiments described above, the preparation of deuterium-labeled 

rutin (rutin-2' ,5' ,6'-d3) was then made. When rutin-2' ,5' ,6' ,6,8-d5 was treated 

with 2.2 molar sodium hydroxide in water at 25" for 1 hr, the deuterium contents 

at positions 6 and 8 decreased to about 15 % and 20 %, respectively. On repeti- 

tion of this procedure, deuterium atoms at these positions were almost completely 

replaced with hydrogens. This was clearly observed by the reappearance of the 
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signals corresponding to hydrogens at positions 6 and 8. 

The chemical purity of rutin-2',5',6'-d3 obtained in this experiment was con- 

firmed by n.m.r. spectroscopy and thin layer chromatography. The n.m.r. spectra 

o f  rutin-2',5',6'-d3 and unlabeled reference are given in Fig. I. Fig. I shows 

that the signals corresponding to hydrogens at positions 2' and 5 '  disappeared. 

The signal 

to a small extent. 

are shown in Table 11. 

corresponding to hydrogen at position 6' appeared to be affected only 

The deuterium contents at each position of rutin-2',5',6'-d3 

F ig .  I NMR Spectra of Unlabeled Rutin (Upper) and Rutin-2',5',6'-d3 (Lower) 
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Rutin-2',5',6'-d3 was heated at about 60" for 2 hr in methanol or water. LOSS 

of deuterium at any position was not observed. 

The present procedure provides a simple and inexpensive method for the prepa- 

ration of deuterium-labeled rutin in a good yield. 

especially rutin-2',5',6'-d3, should be useful for the metabolic study of rutin in 

man. 

Deuterated rutin thus obtained, 
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