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Abstract: The dicyclohexylcarbodilmide-mediated esterification of flavones 

and flavonols with tetrabutylannnonlum hydrogen sulfate, resulted in the 

formation of mono-, di- and trlsulfated products. Sulfatlon occured mainly 

at positions 7, 4' and 3 of the flavonoid skeleton and followed the order 7, 

4' 9 3. Using this method, a number of mono- to trisulfate esters of various 

naturally occuring flavones and flavonols were synthesized, and their 

structures verified by spectroscopic methods. This method can be applied to 

the synthesis of other sulfated natural products, such as steroids and 

sugars. 

Flavonoid sulfates are nou considered of common occurrence in plantsl'g. They belong to either 

the flavone (1.2) or flavonol (3-5) series (Scheme 1). that are commonly substituted at POSltlOnS 7 

and 3, respectlvely3. Flavonoid sulfates can be identified by electrophoretlc, chranatographic and 

UV-spectroscopic methodsI. and, more recently, by 13~ NMR and FAB-HS spectroscopy5,6,8,g. The 

study of enzymatic sulfation of flavonoidsI0 required an appropriate method for the synthesis of 

specifically substituted flavonoid sulfate esters to be used as enzyme substrates. 

Among the methods used for the sulfation of phenolic canpounds11,12, the sulfamlc acid 

procedure, applied to flavonoidsI3.14, resulted in the sulfation of the 3'-position13 and .gave rise 

to a complex mixture of flavonoid mono- and disulfates, with trace mounts of 7- or 3-monosulfate 

estersI4. Another common procedure involved sulfur trioxide adductsII,I2,15. Attempts to sulfate 

quercetin 4 with sulfur trloxide trimethylamlne canplex and ~2~0316, resulted in a mixture of 

quercetin mono- to trisulfate esters, while most of the quercetin remained unreacted (D. Barron, 

unpublished). The use of dicyclohexylcarbodiimide (MC) and H2S04 in DW has been reported in the 

synthesis of sulfate esters of alcohols, phenolsI7.18, carbohydrateslg, sterolds2D. hydroxy aino 

acids and peptldes2l. Depending on reaction conditions, phenolic hydroxyl groups can be selectively 

sulfated in polyfunctlonal molecules20. However, attempts to sulfate quercetin by this method, 

resulted In the destruction of DCC before any sulfate ester was formed (D. Barron, unpublished). 

We wish to report here on the use of tetrabutylanvnonium )\ydrogen sulfate (TBAHS), instead of 

H2SO4. as a sulfatlng agent of flavonoid canpounds. In contrast with previously used reagents, this 

method allowed the synthesis of various, specifically sulfated flavonoids in good yield (Scheme 1). 

RESULTS 

Characteristics of DCCtTRAHS Sulfation. TBAHS reacted with flavonolds in pyrldlne to give 

sulfate esters as TBA-salts, which were easily separated fran minor byproducts by gel filtration. 

Conversion to the K-salt was performed by treatment with saturated methanolic K-acetate (Scheme 2). 

No dimerizatlon of TBAHS took place In control reactions; whereas under the same conditions, H2SO4 

rapidly reacted with DCC at first contact. 

Sulfatlon of Flavones. Reaction of aplgenin 1 with 2 eq. lBAtiS and 10 eq. CCC at 4' for 3 

days, yielded aptgenin-7-sulfate la as major product (702) and 12% apigenin-7,4'-disulfate lb. The 

reaction proceeded faster at room temperature (2 days) or BOO (15 min.), but with lower yield. 

Increasing the TIWS and DCC to 8 and 20 eq., respectively resulted in 86% yield of lb. Similarly, 

luteolln 2 when subjected to sulfation with 2 eq. TBAHS and 10 eq. DCC, yielded 30% of 

luteolin-7-sulfate 2a. Using 8 and 20 eq. of the respective reagents, luteolin-7,4'-disulfate 2b 

was formed In 90% yleld. No 7,3',4'-trisulfate ester was formed, even when an excess of both 

reagents was used at roan temperature. Therefore, depending on the amounts of reagents used, 
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It Aplgmln 
ttlxR,=M, t$=tI 

hr R1=osO,W, ttZ’H. tt,=utl 

lb8 R,sR,rOSO,K, Rgti 

21 Lutarlln 

R,=R2=R,=Ut 

Za: R,=OSU,K, RZ:R,=Utl 

Zbr R,+R,:USU,K, R2=UtI 

Table 1. 

Scheme 1 

3: Kmerpfstol 
RI-R,-R4=R5=LtH, RZeH 

,a: R,S-3J,K, t$=tl, R,rlt4=lt5=Cttl 

,b: R,:R,:OSO,K, R,yH, R,=R5=MI 

,cr R,=lt,~R4=05O,K, R2=tl, R5zM 

5: lnmnrlretir~ 

R1=R2=R4+R5rUtl, R,=UCtI 
, 

50: R,=R4SSU,K, R2:R5%ill, R,=OCtt 
3 

5b: RI=RZ=R4=US0,K, R,=CCII,, R5=Ul 

1% NIR data for sulfated flavones la-2b. 
(100 f4Hz, DMSO-d6, 6 ppm/TTlS) 

uumxtin 
R,:Rt:R,=R4=R5=OH 

R,GO,K, RZ=R,=R4nR5*Oli 

R~:R,=OSO,K, RZnRq=R5=M 

R,aR,~R4=OSO,K, RZ=R5mOH 

R1zR2sR,sR,aOS0,K, R5*Dtt 

RIsR,aR4=R,=OS0,K, RZ=M 

Carbon 
number 

2 

la lb 2a 2b 

165.7 164.6 165.8 164.0 

4" 
103.5 103.2 101.2 102.3 
182.9 182.8 181.7 181.9 

6 1Gl.l 161.3 160.8 160.6 
6 103.6 105.1 102.6 104.3 
7 159.4 160.0 159.2 159.6 
8 
9 

10 

;: 
I 

:I 

99.3 99.0 98.2 97.6 
157.1 160.0 156.5 156.4 
106.9 106.8 106.0 105.9 
121.1 125.3 120.6 125.8 
129.4 129.5 110:9 114.6 
117.2 121.1 147.5 149.9 
162.9 157.0 151.8 145.0 
117.2 121.1 116.1 121.7 
129.4 129.5 120.6 117.0 

Table 2. 13C HlR data for sulfated flavonols 3a-5b. 

(100 tdlk, Ot!SO-d6, 6 ppm/TMS) 

Carbon 3a 
number 

3b 3c 4a 4b 4c 5a 5b 

2 
3a 
4 
5b 

t 
10 

;: 

3’ 
4’ 
5’ 
6’ 

Otk 

147.6 
136.2 
176.3 
159.7 
101.3 
159.2 
97.5 

155.2 
105.0 
121.6 
129.6 
115.5 
159.4 
115.5 
129;6 
-- 

146.3 155.6 148.2 146.2 
-- 133.3 136.9 -- 

178.2 177.7 176.5 177.8 
159.9 161.4 160.0 159.8 
100.9 102.3 101.4 100.9 
158.7 159.3 159.0 158.9 
97.5 96.6 97.7 97.4 

154.2c 155.9c 155.2 155.0 
105.4 106.7 105.4 105.4 
126.6 124.7 121.3 127.8 
127.8 129.8 114.9 115.9 
119.8 119.2 145.8 148.7 
155.oc 

::Z’ 
149.5 142.1 

119.8 
129:8 

116.1 121.8 
127.8 120.5 118.2 
-- -- -- -- 

155.6 
133.5 
178.2 
160.7 
102.3 
159.6 

97.6 
156.7 
106.7 
126.3 
117.3 
148.4 
143.6 
121.6 
120.9 
-- 

155.4 155.6 
133.1 133.1 
178.0 177.7 
160.9 161.5 
101.9 102.4 
159.5 159.4 
96.9 96.4 

156.6 156.2 
106.4 106.9 
122.9 
115.3 
146.1 
150.2 
111.5 
121.7 126.3 
55.6 55.8 

122.2 
121.3 
141.9 
153.2 
112.0 

a Carbon j could not be unequivocally assigned for canpounds 3b and 4b. 

b Assignments for carbons 5 and 7 may be reversed. 

c Assignments for carbons 9 and 4' can be reversed. 
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stepwise sulfation of flavones followed the sequence 7 ' 4'. I3C WlR data of synthesized flavone 

sulfates is summarized in Table 1. 

Sulfatlon of Flavonols. The sequence of sulfation of the 7- and 4'-positions was found to be 

similar to that of flavones. Therefore, under the same conditions described for flavones, 

kaempferol 3 and quercetin 4. gave rise to their 7-monosulfate esters &I and 4a. as wall as their 

7,4'-disulfate esters 3b and Ib, respectively. However, using 20 eq. TRAHS and 30 eq. DCC for 12 

days, the 3-hydroxyl was sulfated as well, giving rise to the 3,7,4'-trisulfate esters 3c and 4c. 

respectively. A trace amount of quercetin-3,7,3'4'-tetrasulfate 4d was detected as well. The 

sulfation of tamarlxetin 5 with 20 eq. TBAHS and 30 eq. DCC gave rise to its 3.7-disulfate 5a and 

3,7,3'-trisulfate Sb, esters in 1:3 ratio, respectively. This indicates that when the 4'-hydroxyl is 

methylated, sulfation can be directed to the 3'-position. Furthermore, it appears that sulfatlon at 

position 3 occurs prior to that at 3'. since the second major reaction product was the 3,7-disulfate 

ester, and not the 7,3'-analog. Therefore, the sequence of sulfatlon in flavonols was established 

as 7 > 4' * 3 x 3'. 13~ NMR data of sulfated flavonoids is summarized in Table 2. Further attempts 

to sulfate flavonoids with three vicinal phenolic groups, such as quercetagetin (6-hydroxyquercetin) 

or myrlcetln (5'-hydroxyquercetln). resulted in a number of degradation products, possibly due to 

the instability of these aglycones in pyridlne. 

DISCusSION 

In the TBAHS+DCC mediated synthesis of sulfated flavonoids, the reaction temperature seems to 

control both the sequence and yield of sulfation. A low temperature (ca 4') favors the synthesis of 

7-monosulfates in 30-70X yield, whereas 7,4'-disulfate esters can be synthesized in better yield 

(84-993) at roam temperature. It should be noted, however, that the 3-position of flavonols was 

resistant to sulfation due to its chelation with the adjacent carbonyl group. The latter position 

was sulfated only in presence of a large excess of TBAHStDCC. to yield the flavonol-3,7,4'-trisul- 

fate ester. The 3'-hydroxyl group exhibited low reactivity towards the TBAIWBCC mediated 

sulfation, probably due to its relatively weak acidic nature. It could be sulfated when the 

4'-hydroxyl was substituted with a methyl but not sulfate group, possibly because of sterlc 

hindrance of the bulky 4'-sulfate group. The purified yields of flavonoid sulfates depended on the 

efficiency of conversion of TBA-salts to their K-salts, i.e. yields increased with increasing 

insolubility of the K-salts in methanol (see Exptl. Section). 

Calculation of 13C l@lR sulfation shifts for positions 3.3' & 4' of flavonoid sulfates (Table 3) 

were in accordance with those reported for naturally occurring ccmpounds6.8. Flavonolds with 

3,4'-dihydroxy grouping exhibited downfield shifts induced on the ortho carbons by sulfation at 

position 4' or 3' which were more pronounced (Table 3) for the all@ carbon lacking a hydroxyl group 

(C-2' or C-5'). than for that bearing a hydroxyl group (C-3' or C-4'). On the other hand, the 

shifts induced by 7-sulfatlon were characteristic of a phenol sulfate ester** (Table 3), i.e. 

upfield displacement for the carbon carrying the sulfate group (C-7) and downfield displacement for 

ortho (C-6 and C-B) and para (C-10) carbons. In IH NHR (Table 4), introduction of a sulfate group 

at positions 7 or 4' induced downfield shift of the protons attached to the carbon *to the 

sulfate group. Thus, H-5' (and H-3' in 4'-monosubstituted flavonoids) was shifted downfield by 0.37 

to 0.48 ppm when a 4'-sulfate was present. On the other hand, if a sulfate group was attached to 

position 7. H-6 and H-8 were shifted downfield by 0.30 to 0.37 and 0.53 to 0.55 ppm, respectively. 

To our knowledge, the TBAHWXC mediated sulfation represents the first reported method for the 

introduction of sulfate groups at specific positions on flavonoid rings. It is particularly useful 

for the synthesis of naturally occurring 7-sulfated flavones, and 3-sulfated flavonols. The use of 

OCC allows the synthesis of trisulfated, flavonol-3-sulfates fra which lower 3-sulfated 

intermediates can be obtained by enzymatic desulfation (Rarron A Ibrahim, in preparation). This 

method has the following advantages: (a) allous the synthesis of substrates and reaction products 

for enzyme studieslo, (b) permits sulfation of selected positions, (c) eliminates dimerization of 

the sulfating agent21 and/or formation of pyrosulfate estersI and (d) can be applied to the 

synthesis of other natural products such as steroid and sugar sulfates. 
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Table 3. 13C HIR sulfation shiftsa ohserved with the synthesized flavonoid sulfates la-5b. 

Carbon Position of sulfation 

3 7 3' 4' 

!pso x2.1 to t3.1 t4.1 to t5.5 t4.3 t3.6 to t5.5 
__ _- -3.7(C-4') -3.4 to -5.l(C-3') 

-8.1 to -8.8(C-2) -2.7 to -6.3(C-6) -6.l(C-2') -3.8 to -6.2(C-5') 

-1.7 to -2.5(C-4) -2.5 to -5.O(C-8) -- -_ 

Meta -_ t1.5 to -0.7(C-5) +1.2(C-1') t1.7 to -l.l(C-2') 
-_ t1.2 to -0.5(C-9) +0.4(C-5') t1.7 to -l.l(C-6') 

Para _- -1.7 to -3.6(C-10) -6.5(C-6') -3.0 to -5.8(C-1') 

a In PPm (DMSO-d6) refers to 4aglycone'4sulfate ester. 
b Including C-2 and C-4. 

Table 4. 1~ IWR data for sulfated flavonoids la-5b. (400 MHz, IWO-d6, 6 ppm/TMS) 

Proton Number 

Compound 3 6 8 2' 3' 5' 6' We 

la 6.70 s 

lb 6.90 s 

2a 6.42 s 

2b 

3a 

3b 

3c 

la 

4b 

4c 

5a 

5b 

6.80 s 

- 

- 

- 

_ 

6.55 d 

2.0 Hz 

6.60 d 

2.1 Hz 

6.48 d 

2.1 Hz 

6.56 d 

2.0 Hz 

6.55 d 

2.0 Hz 

6.50 d 

2.0 Hz 

6.52 d 

2.0 Hz 

6.50 d 

1.9 Hz 

6.47 d 

2.0 Hz 

6.54 d 

1.9 Hz 

6.50 d 

2.0 Hz 

6.48 d 

.1.9 Hz 

6.96 d 

2.0 Hz 

7.02 d 

2.1 Hz 

6.87 d 

2.1 Hz 

7.00 d 

2.0 Hz 

6.98 d 

2.0 Hz 

6.95 d 

2.0 Hz 

6.88 d 

2.0 Hz 

6.95 d 

1.9 Hz 

6.93 d 

2.0 Hz 

6.94 d 

1.9 Hz 

6.94 d 

2.0 Hz 

6.82 d 

1.9 Hz 

7.84 d 

8.8 Hz 

8.02 d 

8.9 Hz 

7.14 d 

2.5 Hz 

7.59 d 

1.8 Hz 

8.08 d 

8.9 Hz 

8.20 d 

8.9 Hz 

8.16 d 

8.9 Hz 

7.67 d 

1.9 Hz 

7.90 d 

2.0 Hz 

7.64 d 

2.2 Hz 

7.60 d 

2.2 Hz 

8.06 d 

2.3 Hz 

6.87 d 

8.8 Hz 

7.35 d 

8.9 Hz 

6.93 d 

8.9 Hz 

7.30 d 

8.9 Hz 

7.27 d 

8.9 Hz 

6.87 d 

8.8 Hz 

7.35 d 

8.9 Hz 

6.35 d 

8.5 Hz 

ca 7.44- - 
7.48.m 

6.93 d 

8.9 Hz 

7.30 d 

8.9 Hz 

7.27 d 

8.9 Hz 

6.84 d 

8.5 Hz 

7.31 d 

8.6 Hz 

7.33 d 

8.4 Hz 

7.01 d 

8.9 Hz 

7.07 d 

8.9 Hz 

7.84 d 

8.8 Hz 

8.02 d 

8.9 Hz 

7.34 dd 

8.5 & 2.5 Hz 

g 7.44- 

7.48.m 

8.08 d 

8.9 Hz 

8.20 d 

8.9 Hz 

8.16 d 

8.9 Hz 

7.61 dd 

8.5 6 1.9 Hz 

7.70 dd 

8.6 ?I 2.0 Hz 

7.69 dd 

8.4 & 2.2 Hz 

7.84 dd 

8.9 h 2.2 Hz 

8.12 dd 

8.9 & 2.3 Hz 

3.85 s 

3.83 s 
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Table 5 UV data for the flavonoid sulfates la-5b. 

AlCl3 NaOAc 
HeOH NaOk AlC13 

"C+l 
NaOAc + 

"3BO3 

la 330, 265 385, 263 

lb 300, 265 3001,265 

2a 382, 260 

2b 

340. 2622 
250 

320, 265 315, 265 

3a 360. 3205 
262. 240 

400. 250 

3b 358, 310 
265, 245 

410. 3502 
2652,250 

3c 3352,305 
265 

340~,300~ 
265 

4a 365, 250 415, 357 

4b 415, 3502 422, 345 420, 345 
250 3002,262 3005,260 

4c 

360, 30% 
2652,250 

335, 265 410~,315 390, 330 390, 330 
265 275 275 

5a 345. 2652 
250 

342, 2652 
250 

395. 3552 
2972,265 

390. 3502 
2971,265 

5b 340, 265 335, 265 

380, 340 380, 340 3902.340 330. 265 
2901.273 2902,273 265 

375. 320 
2902,275 

380. 3422 
2902.265 

375. 320 
2902.273 

3755.337 
2902.265 

300, 265 300, 265 

343, 2622 362, 252 
250 

380, 325 
2872,275 

375. 325 
2872.275 

415, 345 

EF"" 

310, 265 320, 265 

430. 350 360, 2622 
255 

415, 345 
300~,275~ 
255 

415, 335 
300~,275~ 
250 

416. 335 
3002,265 

;;5p;;; 358, 262 310 

245' 

385, 327 385, 335 3402,305 34os.305 
295s.227 2952,275 265 265- 

425, 3552 415, 350 
262 260 

390, 342 390, 345 
2952,275 2952,270 

375, 250 380, 255 

4202.365 
2652,250 

360, 3052 
2652,250 

337, 265 335, 265 

350, 2651 
250 

350. 2652 
250 

340, 265 338. 265 

EXPERIMENTAL 

1 
HHIR, ccfmralmtho@. % wf, FAB-MS, 8 

csllulose TLC and paper elsctrophorssh (aa K-eslts) as” perfoorcrd .I in . 
ILC mmning of the Sephadax Lit20 fractlme (ew the “Isolation of flauomld wlfmta orterm" Section) flrrt respired 

ccmwrrion of TEA-wltr ta K-salts. lhls me perforrad by addltim of ILKi (11 of wtd. K CO in kd_M, to II e1+4 volw of 
slumto. Ihn l lkalim mlutlm U. directly wed for ILC rlan m preclpitatlon acured &oai?lf~“), or l ftar cmtrlfu,ption 
rd di~aolutlm of the K-aalt wt. 
eelumtw A, 0.OlIV.q. 

in water (di-and trlsulfetes). Analytics1 IPLC “aa carrlsd out aa In’ uslnq the follainq 
1BA dihydrogsn phospluats~ 8, fInOttH+l-AcOH (9015:5)1 isaratic 40% A + 60X 8. ldmtificatlon of 

wlfated roe&ion products rrs bassd on results of wid md aryl-auJ&n~sss hydrolymia, 
l peetroaca& &ta including W (Tsbls S), IA snd FAME, according to ’ . 

slectrephomlo and arrlyris of 

ku&!m eL J&g&$Zulf&s gJ&g& Ihs reactim mdiu ua# diluted ~11th MM, 
cmtrifu@im. 

the dIc~ldarylur~e wt. “m rmvsd by 
Tk vrrrtmt WM chramtDyrqzJmd m %ph&x LIMO win9 &Cil. The pooled elutaa vre cmvortd to their 

K-ulte with wtd. K2C0, In IbOH. Ihs preclpitstm d flawmold-7-ulfates K-salto “et- dinolved In Ii 0, the insl&le 
-terADl s1L~t.d by catlfu@lal, and further pwic1sd by chr~t.agaphy on bphadex c-10 wlnq z01SB2prrdisnt of oq. 
IboH. Slm thr MH nupemtmtu of flwcwid mmwlfntss &ill contained ~reciable MIW& of K-4& they INIV 
ewporatad to m, token in zoi .q. MH, the ineoldnl. rsavsd by cmtrlfuqatlon, and chmtogqhad on Sephdex El0 
in tha m am$&kw. The pre@fpitaLeo of flavmold dl- md trisulfntes K-wits were uhsd wiuI IlaOH, dluD1v.d in H 0 and 
after ~rlf~lm of the imolrbls, cbnnrloyrap4ad m Sepl~adw C-10 urlng 20% q. lUlI4 (diaulfata) or I$0 (triwlf?tea). 
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. 
C~ditlon~ ~ sw~ttmais of mulfetd flwcmold~ w & FM-W data 

_---___ _- ______ -~- 

C~OUXI Im lb 2m 2b Ya 5b 5c 4m 4b 4c sa+5b 

----- 

lDolee lxc 5.70 7.7u 7.00 14.W 7.00 7.00 21.00 2.90 5.80 8.70 18.90 

in ml pyridlne 2.W 5.W 5.W 7.00 5.00 5.00 8.00 2.50 1.00 s.00 8.W 

moles flwomid 0.37 0.37 0.70 0.70 0.70 0.55 0.70 0.29 0.29 0.29 0.63 

lolao TBAHS 0.76 2.94 1.40 5.60 1.40 2.00 14.w 0.59 2.50 5.90 12.60 

in ml pyridlm 0.50 1.00 0.60 2 .oo 0.60 l.w 5.w 0.20 1.00 2.00 5.00 

1mpsraturs to) 4 4 4 4 4 25 25 4 25 25 25 

Tile (days) 3 Y 5 3 Y 2 12 5 3 12 10 

Products md 18 (70) lb (86) 2m (SO) 2b (90) h (65) Yb te41 SC (95) 4a (42) 4b (99) 4a (97) 5m 

X yield (tfLC) lb (12) la (14) 2a (8) SC (12) 4b (20) 5b 

Puriflsd I yield 28 81 25 78 49 69 94 48 84 89 

FM-n% (II)- 549 565 565 Ml 

w+K)_ 467 403 485 _ 499 513 (,a) 

l Using the follainp stepm: I) diesolution of DCC+flwomld in pyridine, il) 15 min. latter, addition of TBAHS solution. 

ACKMM_EO(UENlS 

ue .re grateful to Sylvie Bilwbau, Univsreiti do Mmtrial for ths recording of th ‘Ii l d 
15 

C HR qmctra. Us dh to 

thr+ Pr. HA; Julinl, Uniwrslty of Cortia, Argontin for . eppls of qmrcetin-3,7,Y’,4’-tetr~wlhts. Thim work *am 

wpported in port by operating gmts fra NSUIC md the Fcmds FCAR for which we mm grateful. 

REFEREMES AND NOTES 

1. Uarborne. J.B., Phytochemistry, (1975). 14, 1147 

2. Marborne, J.B., in Progress in Phytochemlstry, Reinhold. L., liarborne, J.B., and Swain, T.. 

Eds, Pergamon Press, New York, Vol. 4, pp. 189-208 (1977). 

3. Harborne, J.B. and Williams. C.A., In The Flavonolds. Advances in 

Research, Rarborne, J.B. and Habry, T.J., Eds. Chapman 6 Hall. London, Chapter 5, pp. 261-311 

(1982). 

4. Miskl, H., Gage, D.A. and Mabry, T.J., Phytochemlttry, 24, 3078 (1985). 

5. Cabrera, J.L.. Juliani, H.R. and Gros, E.G., Phytochemlstry, 24, 1394 (1985). 

6. Barron, 0.. Colebrook, L.D. and Ibrahim. R.K., Phytochemlstrl. 25, 1719 

7. Varln, L., Barron, 0 and Ibrahlm, R.K., 2. Naturforsch., 41~. 813 (1986 

8. Barron, D. and Ibrehim, R.K., Phytochemistry, (1967). 26, 1181 

9. Barron, 0 and Ibrahim, R.K., Phytochemistrx, (1987). 26, 2085 

10. Varin. L., Barron, 0. and Ibrahim, (1987) R.K., Phytochemlstry. 26, 135 

11. Paulson, G.D., In Bound and Conjugated Pesticide Residues, Kaufman, D.D 

. 
i. , Still, G.G.. Paulson, 

D.P. and Bandal, S.K., Eds, ACS Symposium Series, Vol. 29, pp. 86-102 (1976). 

Roy, A.B., In Sulfation of Drugs and Related COrnpounds, ttrlder, C.J., Ed., CRC Press, Boca 

Raton (Florida) pp. 5-30 (1982). 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

(1966). 

. 

Yamaguchi, S., Nippon Kagaku Zasshi, 81. 1332 (1960). 

Harborne. J.B., In Convegno Internazfonale Sui Pollfenoll, Unlverslty of Milan, Italy, pp. 

81-83 (1975). 

Gilbert, E.E., Chem. Rev., 62. 549 (1962). 

The following condltlons ware used: 1 g of quercetln dihydrate and 1.6 g of sulfur trioxide. 

trimethylamlne complex In 50 ml DMF were agltated for 12 hours at roas temperature In presence 

of 0.8 g of anhydrous potassium carbonate. 

tiolberg. C.P. and Hurma. R.O.. J. Amer. Chem. Sot., 91, 4273 (1969). 

Hoiberg, C.P. and Hurmna. R.D., Biochlm. Biophys. Acta, 177, 149 (1969). 

)(umna, RO., Roiberg, C.P. and Simpson, R., Carbohydr. Res., 14, 119 (1970). 

Hunna, R.0, tiolbe.rg, C.P. and Weber, W.W., Sterotds. 14, 67 (1969). 

Pongor, S., Brownlee, H. and Ceraml, A.. Arch. Blochem. Biophrs. 238, 458 (1985). 

Ragan, H.A.. Can. J. Chem. 56. 2681 (1978). 


