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SYNTHESIS OF [RING B- 13C6] DIOSMIN 

B. DULCIRE and PH. F. WINTERNITZ. 

Centre CNRS INSERM de Pharmacologic-Endorrinologie, wedeb Cardonille, 34094 Montpellier Cihx2, France 

AssTRAcT.-End products of flavone metabolism are phenolic acids, originating from 
rings B and C, andor C, of ring C. Several of them are also endogenous products. Synthesis of 
uniformly labeled ring B-'3Cdiosmin 151 was performed for the unambigous distinction, by ms, 
between endogenous and exogenous phenolic acids. 

In connection with our work on the 
metabolism of diosmin [5] in humans, 
we required a supply of the flavonoid 
diosmin containing a uniformly I3C- 
labeled B-ring. Of the various synthetic 
methods available for flavones (1-13), 
the method of Barneji and Goomer $13) 
gave the best yield of the methods that 
were tested, and this was selected for the 
synthesis. 

The synthetic pathway is shown in 
Scheme 1; the labeling at each step was 
checked by determining the mass 
spectra of the labeled products, which 
differed by 6 mass units from those of the 
corresponding unlabeled compound. 
The preparation of the protected phloro- 
acetophenone 1 was effected according 
to the method of Honohan et a/ .  (14), re- 

1. 2 LiN(C3H,-i)2 

placing hexamethylphosphoramide with 
DMF. The coupling of 4 with rutinose 
was made using the Konigs-Knorr reac- 
tion (15), previously applied by 
Zemplkn and Bognar (16) to the synthe- 
sis of hesperidin; this is still the best way 
of carrying out this conversion. The 
product 5 was obtained in 0.6% yield 
from the labeled precursor 2. 

EXPERIMENTAL. 
GENERAL EXPERIMENTAL PROCEDURES- 

Authentic diosmin and diosmetin were supplied 
by SERVIER Laboratories (France). The nmr 
measurements were recorded at 360 MHz in 
DMSO-& (Bmcker WM 360 WB). The glc sys- 
tem (DI 300-Delsi) employed a SE-30 capillary 
column ( 2 5  m X 0.2 mm i.d.) and temperature 
programming from 60' to 280'; the injector sys- 
tem was used in the splitless mode at 260". The 
mass spectrometer (R 10-10 C-Nermag) em- 
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ployed an ionization-source temperature of 280" 
and ionization energy of 70 eV; the mass spectra 
were scanned from 20 to 600 amu. Hplc analyses 
ofdiosmin have been carried out on a Waters Sys- 
tem incorporating a F-Bondapk C,, column and 
a M 4 4 0  uvdetector fixed at 254 nm; the samples, 
diluted in DMSO-MeOH (45:5), were eluted 
with MeCN-H,O-HOAc (25:65: 10). 

DIBENZYLPHLOROACETOPHENO~ 111.- 
Phloroacetophenone(l.7 g, 0.010mol), dissolved 
in DMF (25 ml) in the presence of anhydrous 
K2C03 (0.828 g,  0.006 mol), was treated with 
benzyl chloride (0.756 g, 0.006 mol), and the 
solution was stirred under argon at mom temper- 
ature in the dark for 8 days. The suspension was 
then filtered off and the filtrate acidified with 
HOAc (pH 4) and concentrated under vacuum. 
The residual crude product was taken up with 
EtOAc, washed with H 2 0 ,  a solution of KOH 
(5%), H 2 0 ,  and saturated NaCI, and then dried 
over Na2SO4. After removal of the solvent, the 
residue was chromatographed on a Si gel column; 
the product 1 was eluted with EtOAc-hexane 
(20:80)in30% yield, mp 112-115"[lit. (17)mp 
90-100" (MeOH) working with K2C03 in 
Me2CO; we were unable to duplicate this result in 
that way]. 

RIDE [2].+Ring-13Cd isovanillic acid was ob- 
tained from Cambridge Isotope Laboratories 
(USA) [13C atom % was 99% (ms, 13C nmr)] and 
was used undiluted. 

This isovanillic acid (17 g, 0.1 mol) was sus- 
pended in MeOH (250 ml), and a stream of HCI 
was passed through the refluxing solution at 70"; 
dissolution was complete in 4 h. The solvent was 
removed under vacuum to yield 16.5 g of methyl 
[rir~g- '~Cd isovanillate (90%): mp 64-66" [lit. 
(10) 65-66?. 

This ester (1 1 g,  0.060 mol) was dissolved in 
MeOH (100 d) in the presence of anhydrous 
Na2C03 and benzyl chloride (10 ml, 0.1 mol), 
and the solution was refluxed for 8 h. After cool- 
ing filtration and washing with H 2 0 ,  the res- 
idue was recrystallized from an Me,CO/MeOH 
mixture: yield 12.5 g (77%); mp 120-124" [lit. 
(10) 1247. The benzylated ester was dissolved in 
a 1 M solution of KOH (170 ml) and refluxed for 
2 h. After cooling, the cleat solution was acidified 
with 10% H2SO4, and the precipitated product 
was filtered, washed with H20 ,  and dried: yield 
9.3 g (78%); mp 175-177'Ilit. (10) 1773. 

The previously obtained acid (7 g, 0.027 mol) 
was dissolved in anhydrous Et,O (200 ml), and 
thionyl chloride (10 ml) was slowly added, tc- 
gether with a few drops of pyridine. The mixture 
was refluxed for 12 h, then concentrated under 
vacuum. The crystallized product, mp 79-80', 
showed a positive reaction with alcoholic AgNO, 

~G'3Cda-BENZYLISOVANILLOYL CHLO- 

and gave the corresponding amide by action of 
NH, in C6H6: yield 6.6 g (89%). 

(RING B-l3C6]-3 ' ,4,6-TRIBENZYL.OXY-DI- 
BENZOYLMET"E [3].-A solution of diben- 
zylphloroacetophenone (4.8 g, 0.0137 mol) in 
pure THF (10 ml) was added to a stirred solution 
of lithium diisopropylamide (10 mM, from 
diisopropylamide and butyllithium) (18) in THF 
at -25". The mignve was stirred, then cooled to 
-78", and [ring- '3C~-O-benzylisovanilloyl 
chloride (5 g,  0.018 mol) in THF was added. The 
mixture turned yellow wan after the addition of 
the aryl chloride. Stirring was continued at -78' 
for 3 h, and the mixture was allowed to warm up 
to room temperature and set aside overnight. It 
was then diluted with EtOAc and acidified to pH 
3 with dilute HCI. The organic layer was dried 
with Na2S04, and the solvents were removed to 
give the Bdiketone as a crystalline solid. The 
product was recrystallized from EtOAdpentane 
to give the product 3:  yield 2.8 g (35%); mp 
157-160'. The structure was confirmed by 'H- 
n m r  spectrometry (19): 3.85 ppm (3H, OMe), 
4.5 5 ppm ( 1.2 H,  CO-CH2-CO corresponding to 
the keto form), 4.90 ppm (2H, CH2-Ph), 5.12 
ppm (2H, CH,-Ph), 5.18 ppm (2H, CH2-Ph), 
6.15-6.40 ppm (2H, H-3 and H-5), 6.95 ppm 
( lH ,  H-5'), 7.18 ppm (0.8 H,  =CH, corre- 
sponding to the enol form), 7.30-7.40 ppm (15 
H,  aromatic rings), 7.40-7.55 ppm (2H, H-2' 
and H-6'), 12.5 ppm ( 1H , OH), 13.6 ppm ( 1H , 
OH). Comparing the intensities of the 7.18 ppm 
and 4.55 ppm peaks, it is concluded that the enol 
form predominates. 

[RING B-'3Cd-DIOSMETIN [4].-The B-di- 
ketone (5 g, 0.0085 mol) was dissolved under 
argon in glacial HOAc (80 ml), and anisole (8 ml) 
and 48% HBr in HOAc (10 ml) were added. The 
mixture was stirred and heated at 90" until com- 
plete dissolution; the mixture was then set aside 
overnight at 70'. It was then poured onto ice, and 
anisole and benzyl bromide were removed by 
steam distillation; the residue was filtered, dis- 
solved in Me2C0, and precipitated by H 2 0  to 
yield 2.14 g of crude product (84%). This prod- 
uct (2.14 g) was dissolved in Ac20 (6 ml) with 
pyridine (4 ml). The solution was heated at 70" 
for 1 h, then poured onto ice and the resultant 
white precipitate isolated by suction, dried, and 
recrystallized from absolute EtOH to yield 1.80 g 
(42%) of [ring B-'3Cddiosmetin triacetate, mp 
192-194" [lit. (20) 193-1943. The triacetate 
(1.80 g) was dissolved in alcohol (10 ml) at 90', 
and a 3% solution of NaOH (2 ml) was added. 
T h e  yellow solution was heated at 60" for 15 min, 
then diluted with H,O (10 ml), and finally 
acidified after cooling with 10% H2S04 (pH 2). 
After 24 h at O", the product was filtered, dried, 
and recrystallized from EtOH: mp 250-255"[lit. 
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(20) 250-2557; yield 0.888 g (70%). ‘H-nmr 
(DMSO-dd 3.9 ppm (s, OMe), 6.17 ppm (d, H- 
6), 6.45 ppm (d, H-8), 6.72 pprn (s, H-3), 7 .15  
ppm (d, H-5’), 7.4-7.6 ppm (cluster, H-2‘ and 
H-6’) [lit. (21)l. 

The product was methylated with CH,N2 in 
Et20 for gc-ms analysis and compared with au- 
thentic methylated diosmetin. The mass spectra 
were identical except that the fragments differed 
by 6 mass units: m/z 334 [m+, 305 (100) for 
compound 4; m/z 328 [m+, 299 (100) for au- 
thentic unlabeled methylated diosmetin. 

[RING B-13C&DrOSMIN [5].+Ring B- 
‘3Cddiosmetin (0.200 g, 0.00066 mol) was 
mixed with acetobromorutinose (0.440 g, 
0.001 1 mol) (22) with a glass rod by trituration, 
and freshly distilled quinoline (2 ml) and active 
Ag,O (0.140 g) were added. After a short stir- 
ring, the m i m e  was left under vacuum over 
H2S04 for 3 h. HOAc (30 ml) was then added to 
the mixture, the mixture was centrifuged, and 
the supernatant was poured into H 2 0  (300 ml). 
After 12 h, the product was filtered, washed with 
H 2 0 ,  dried under vacuum in the presence of 
H W 4 ,  taken up with CHCI, and filtered; the 
residue was finally dissolved in EtOH. After 24 h, 
a dark powder was filtered off, yield 0.100 g 
(17%). The crude product was dissolved in Ac20 
( 5  ml), and pyridine (3 ml) was added. The solu- 
tion was heated at 70’ for 2 h and checked by tlc 
[EtOAc-CH2C12 (30:70); the spot is blue under 
uv]. Ice was added and the resultant precipitate 
isolated by suction. The product was chromato- 
graphed on a Si gel column with EtOAc-CH,CI, 
(50:50). The pure fractions were pooled, evapo- 
rated under vacuum, and recrystallized from hot 
EtOH. After cooling for 12 h, a white product 
was obtained, with mp 140-150’ [lit. (20) 146- 
1507, exactly similar to authentic diosmin 
maacetate prepared for comparison: yield 0.080 
g (74%). The diosmin maacetate was deacety- 
lated with 1 N NaOH (5 ml) in EtOH (5 ml) for 1 
h at 70’. After cooling, the mixture was diluted 
with H 2 0  and acidified by HOAc. The yellow 
solution was cooled at O’, and after 24 h the pre- 
cipitated product was isolated by suction; hplc 
and uv analyses were identical with authentic 
diosmin: yield 0.050 g (97%). ’H-nmr (DMSO- 
dd 1 pprn (3H, m, Me-rhamnose), 3 . 2 4  ppm 
(10 H,  m, glucose and rhamnose), 3.9 ppm (3H, 
s, OMe), 4.2 pprn (m, H-1 rhamnose), 5 pprn 
(m, H-1 glucose), 6.48 ppm (d, H-6), 6.75 ppm 
(d, H-8), 6.82 ppm (s, H-3), 7.45 ppm (d, H- 
2’), 7.57 ppm (dd, H-6‘), 7.15 ppm (d, H-5’). 
The chemical shifts of the signals in the I3C-nmr 
spectrum were identical to the literarue values 
(23). 

ACKNOWLEDGMENTS 

This investigation was supported financially by 
SERVIER Laboratories (France), who supplied 

samples of authentic diosmetin and diosmin. The 
authors thank Mrs. Wylde for her cooperation in 
this study. The valuable suggestions of one of the 
referees are gratefully acknowledged by the au- 
thors. 

1. 

2. 

3 .  

4. 

5 .  
6. 
7. 

8. 

9. 

10. 

11 .  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23.  

LITERATURE CITED 
J.B. Harborne, T.J. Mabry and H. Mabry, 
“The Flavonoids,” Chapman and Hall, 

T.A. Geissman, “The Chemistry of 
Flavonoid Compounds,” Pergamon Press, 
Oxford, 1962, pp. 70-107. 
G. Zempltn, L. Farkas, and R. Rakusa, 
Acta Chim. Acad. Sci. Hung., 14, 471 
(1958). 
H. Wagner, G. Aurnhammer, L. Horham- 
mer, L. Farkas, and M. Nogradi, TetraW- 
wn Lctt., 1635 (1968). 
H. Aft,]. Org. Chem., 30, 897 (1965). 
W. Baker,]. Chem. Sor., 1381 (1933). 
W. Baker, D. Ollis, and V.D. Poole, ]. 
Chem. Soc., 1505 (1952). 
K. Venkataraman and H.S. Mahal, ]. 
Chem. Soc., 1767 (1934). 
J.  Allan and R. Robinson,]. C h .  Sor., 
2 192 (1924). 
A. Lovecy, R. Robinson, and S. Sugasawa, 
]. Chem. Sor., 817 (1930). 
C. Mentzer, D. Molho, and P. Vercier, 
C. R. Acad. Sci., 232, 1488 (195 1). 
R. T h d e ,  J. Chopin and C. Mentzer, 
Bull. SOF. Chim. Fr., 854 (1959). 
A. Barneji and N.C. Gmmer, Synthesis, 
874 (1980). 
T. Honohan, R.L. Hale, J.P. Brown, and 
R.E. Wingard, J .  Agric. FoDdChmr., 24, 
90 (1976). 
W. Konigs and E. Knorr, Ber. Dtsch. 
Chem. Ges., 34,957 (1901). 
G. Zempltn and R. Bognar, Ber. Dtsch. 
Chem. Ges., 76, 773 (1943). 
N. Murti and T.R. Seshadri, Pm. Indian 
Acad. Sci., 27A, 7 (1949). 
H.O. House, L.J. Czuba, M. Gall, and 
H.D. Olmstead,]. Org. Chem., 34, 2324 
(1969). 
H. Wagner, 0. Seligmann, L. Horham- 
mer, M. Nogradi, L. Farkas, J. Strelisky, 
and B. Vermes, Acta Chim. A d .  Sn’. 
Hnng., 57, 169 (1968). 
G. Zempltn and R. Bognar, Ber. Dtxh. 
Chem. Ges., 76,452 (1943). 
T.J. Mabry, K.R. Markham, and M.B. 
Thomas, “The Systematic Identification of 
Flavonoids,” Springer-Verlag, Berlin, 
Heidelberg, New York, 1970, pp. 1-107. 
G. Zempltn and A. Gerecs, B a .  Dtsch. 
Chem. Ges., 70, 1098 (1937). 
P.K. Agrawal and R.P. Rastogi, Httno- 
cyckr, 16, 2 18 1 (198 1). 

London, 1975, pp. 1-127. 

Race id  I4  Augwt I989 




