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--NMR spectra b&ding signal aas@mentsaruprescntcdfortheth&yhilyletheraoffive 
flavonoidglycosidea;qwrcitrin,rutin,hesperidin,naringh and tectoridin, three flavonoid aglycoxx luteolin, 
morinandheape&haadtwoaugara:glucoseandrhamnosc. 

INTRODUCTION 

WE WISH to present the first NMR spectra of trimethylsilyl ethers of flavonoid glycosides. 
Since most flavonoids occur naturally as glycosides it was of interest to investigate the poten- 
tial of NMR spectroscopy for structum analysis in this class of compounds. Although Waiss, 
Lundin and Stern l reported preliminary NMR data for trimethylsilyl ethers of some flavonoid 
aglycones, we came independently to the domain and now describe our results. 

In addition to the NMR spectra of the trimethylsilyl ethers of glycosides, spectra are 
presented for three trimethylsilyl derivatives of aglycones not previously reported. For 
comparison, rhamnose and glucose trimethylsilyl derivatives are included since these sugars 
often occur in flavonoid glycosides. 

The low solubility of most flavonoid glycosides in the organic solvents commonly used 
has limited the application of NMR spectroscopy, in most instances, to methoxy and acetyl 
derivatives2 neither of which is suitable for all members of this class of natural products. 
Previously trimethylsilyl ethers of numerous substances including sugars,3-5phenolserinols,6 

l Rex&d in part, by one of us (T. J. M.) at the International Symposium on the Cba&try of Natural 
Products. 12-18 April, 1964, Kyoto, Japan. 

1 A. C. Ww, Jr., R. E. LUNDIN and D. J. S’IERN, Tetruherlion Letters No. 10,513 (1964). 
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J. ma7r and J.-P. Mwrm!s, Bull. Sot. Chim. France 1962 (1962); (b) J. W. CLARK-m and L. M. 
JACKMAN, Pruc. Gem. Sot. 165 (1961); J. W. CUJUC-LEWIS, T. M. Sponwoon and L. R Ww Proc. 
Chem. Sot. 20 (1%3); J. W. cLARK-b3WL% L. M. J~cxuu, and L. R. W~r.uws,J. Ckm. Sue. 3858 (1962); 
J. W. Ckuuc-L&w-&d G. F. mm J. Chem. Sot. 4502 (1962); J. W. &.uuc-m T. M. SwTswooD 
and L. R. Wrw~s, Au&ah J. Chem. 16,107 (1963): (c) C. P. LILLYA, S. E. DRBWPS and D. G. Roux, 
Chem. & Zmf. (London) 783 (1963); (d) D. k S. fiome& J. A. J_aatm&~, Chem. & Zmf. (London) 69i 
(1%3);(e)L.CRo~~r~andD.k Wmrw0.J. Chem.Soc.775(1962);(f)S.F.Dv~~,W.D.O~~1sand M. F. 
S~JNSBURY Proc. Chem. Sot. 179(1%3); (g)E. J. COREY, E. M. PHILBIN and T. S. WHEELBR, Tetrahehon 
Letters No. 13,429 (l%l). 

3 (a) C. C. Swzsuw, R BENnay, M. Murr~ and W. W. WBLLS, J. Am. Gem. Sot. 85,2497 (1963); 
(b) C. C. SWEELW, R. BBNIW, M. MNcrrAand W. W. Wu B&hem. Biophys. Z&s. Comm. 11,14 (1963). 

‘E.V.HBWuivandW.G.OVBREND, Chem. & Znd. (London) 378 (1960). 
5 R J. FERRlaR and M. F. SINO~~~~N, Tetrahedron l&l143 (1%2). 
6 P. D. SK+W, Anal. Chem. 35.1580 (1963). 

177 



178 T. J. MABRY, JACQUES KAGAN and HEINZ R~SLFR 

sterols,7-9 aromatic nmines I0 and fiavonoids I’ were described but were used mostly for gas 
chromatographic analysis. WC used, in modified form, the trimethylsilylation procedure 
described for the preparation of volatile carbohydrate derivatives 2* 4 which employs simpler 
and milder reaction conditions than those used by the above-mentioned workers. 

I______ - - -- . --._._..I 
80 -7.0 6 0 50 4.6 3-o &I 1’) 0 

6, wm 

FE. 1. NMR SPECTRLIM OF SlLIL\Tf.D WSPERlDIN. 

H-3trans 
H-3cis 

HESPERETlPl 

--.-A_--.__. -__ _- -_. _ . . . .._-_..i 
8 0 70 60 50 40 3c 23 , ‘A 0 

6. ppm 
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52,599 (1961). 
* W. J. A. VAKDENHEUW.. B. G. CRFECH and E. C. HORNIN<*. Am/. Bittchtwt. 4, 191 (1963. 
9 W. W. WELLS and M. MAEITA. .4rud. Biockm. 4.204 (1962). 

lo N. P. Skh ond P. L. MCGIER. Biwhcm. Biophpt Rer Comm. 13. 390 (1963). 
‘I (a) F. A. HENUXIN wd J. KRAx~H. C%CV~Z. hr. 92. 2585 (1959); (b) E. VOW RUDLOIf, J. ~j G.C. 2, 89 

(1944). 
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RESULTS AND DISCUSSION 

A typical hvonoid can be converted to a trimethylsilyl ether and prepared for NMR 
analysis in about 20 min; all the ethers thus far examined were soluble in carbon tetracbloride 
and the fhvonoid could readily be regenerated under mild conditions. In contrast to metboxy 
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and acetyl derivatives of flavonoids, the NMR signals arising from the protons of the tri- 
methylsilyl groups occur out of the absorption region of protons in flavonoids, coming at 
about kO.2 ppm from an external reference sample of TMS in CCL,. The trimethylsilyl 
groups. in one sense, serve as an internal standard. 
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FIG.& NMR SI'FC~R~WO~SILYLA~~D RllTlN. 

The integration of the NMR spectra of the trimethylsilyl ethers of flavonoids indicntcd 
that all hydroxyl groups in both the aglycones and glycosidcs had reacted. If the sirup 
obtained on drying the derivative was allowed to stand cxposcd to the atmosphere. occasion- 
ally the silyl group at C-5 was hydrolyzed. The C-5 hydrosyl group XIS readily delectable 
by NMR since the proton. \\ hich is hydrogen-bonded to the C-4 keto group. gives a singlet 
near 13 ppm. 
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As previously observed 1s 2 the C-6 and C-8 protons of the A-ring of 5vonoids give rise to 
two doublets (J = 2.5 c.p.s. for the meta spin-spin interaction) usually between 6 to 6.5 ppm 
when, as is often the case, the other positions of ring A are substituted. The signals from the 
B-ring protons normally absorb downfield around 6.7 to 75 ppm. 
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FIG. 7. NMR SPE~UM OF SILWATXD LUJBXIN. 
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Flavonoid classes are differentiated according to the oxidation level and substitution 
of ring C, and considerable variation is generally found for the chemical shifts of the ring C 
protons among the several 5vonoid classes. For example, the C-3 proton in 5vones gives a 
sharp singlet near 6.3 ppm while the C-2 proton of iso5vones is observed downfield at about 
7-7 ppm. The G2 proton in 5vanones, in which ring C is, in part, saturated, is split by the G3 
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protons into a quartet {J,,$z 5 c.p.s., J I,W z 1 I c.p.s.) and occurs near 5.2 ppm. The C-3 
protons occur as two doublets around 2.6 ppm. 
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The NMR spectra of the trimethylsily1 derivatks of flnkonoids are presented with signal 
assignments for the protons using the nurnberjl~g scheme shown for flaione (I) in Figs. l-18, 
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EXPERIMENTAL 

In a typical experiment with a 5vonoid glycoside, rutin, the following conditions were 
employed: Fifty mg of rutin was dissolved in 3 ml of pyridine and treated successively with 
O-5 ml of he~e~yl~i~ne and 05 ml of ~e~ylchlorosil~e. Excess of the solvent 
and reagents was immediately removed under vacuum and the residue extracted with carbon 
tetrachloride. A clear carbon tetrachloride solution was obtained by filteriug off the salts. 
The flavonoid glycoside could be regenerated unaltered by allowing the trimethylsilyl ether 
to stand overnight in 50 ml of 20% aqueous methanol. often the flavonoid crystallized 
directly; otherwise the substance was recovered by removing the solvent under vacuum. 

All the NMR spectra were obtained in CC&, and were recorded versus an external 
reference sample of the tetramethylsilane in Ccl.+. Similar results were observed with 
internal tetramethylsilane.The sweep time, sweep offset and sweep width were 500 set, 0 c/s 
and 500 c/s respectively in all cases. The R.F. field was O-16 mG for Figs. 1,3,4,6,9, and 10; 
0.14 mG for Fig. 2; and O-12 mG for the rest. The filter bandwidth was 0.4 c/s for all but 
Figs. 59 and 10 where 14 c/s was used. 
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