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ABSTRACT

A satisfactory procedure for the sulfation of flavonoid
glycosides is described and is illustrated by the preparation of
rutin nona and deca sulfates. Compounds of this type are
important modulators of the complement part of the immune system.

INTRODUCTION
In connection with a program directed towards the discovery of syn-
1-4
it

became necessary to synthesize several glycoside sulfates. The sul-

thetic modulators of the complement part of the immune system,

fation of polysaccharides has been thoroughly investigated and reviewed
and there are isolated examples of the sulfation of certain aryl glyco-
sides.’'® However, virtually no information is available on the sul-
fation of flavonoid glycosides. Although a variety of sulfur trioxide
complexes have been used for sulfation, the more commonly used reagents
are pyridine-sulfur trioxide and trimethylamine-sulfur trioxide com-
plexes, presumably because of the stability and commercial availability
of these reagents.

In our studies, the sulfation of flavonoid glycosides using either
pyridine-sulfur trioxide or trimethylamine-sulfur trioxide led to com-

plex mixtures of products. As a result of extensive investigations, we
639
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have found that the use of triethylamine-sulfur trioxide under carefully
controlled conditions leads to well defined and pure reaction products.
The advantages of using triethylamine-sulfur trioxide for the sulfation
of steroidal alcohols has been previously documented.® However, the
reagent has not found wide use.

RESULTS AND DISCUSSION

We now describe a satisfactory procedure for the sulfation of
flavonoid glycosides as illustrated by the sulfation of rutin (1) lea-
ding to the sodium salts of rutin deca (2) and nona (3) sulfates. As
already mentioned, the use of triethylamine-sulfur trioxide is crucial
for the success of the reaction. Carefully controlled work-up con-
ditions are also important in the syntheses of 2 and 3.

ox
X0 0 ox
OR O o (1) X=R=H
O——CHy
=R=S03Na
X0 o 0 (2) X 3
Hj X (3) X=SO3Na,R=H
X0
X0 OX X

Rutin deca (H-sulfate) (2) has a propensity to undergo selective
hydrolysis of the sulfate group at C-5 of the flavonoid moiety under
acidic conditions. Therefore, it was necessary to maintain basic con-
ditions during work-up of the triethylamine salt and its conversion to
the sodium salt. Addition of triethylamine to the reaction-mixture
prior to work-up was found to be a satisfactory way of controlling the
pH. The work-up of the reaction-mixture without the addition of tri-
ethylamine afforded the nona (H-sulfate) sodium salt (3).

While reverse phase HPLC under ion pairing conditions enabled the
detection and estimation of the purities of 2 and 3, 'H and *’C NMR
spectra were instrumental in establishing the structures of these
compounds. In general, the 'H and '3C resonance signals in both 2 and 3
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were shifted downfield from those of rutin. Such chemical shifts are in
keeping with the presence of highly electronegative sulfate substituents
on the molecules. The signals due to protons on C-6 and C-8 in 2 and 3
were discernible due to their characteristic m-coupling. In 2 these
signals appeared at § 7.27 and § 7.13, respectively. The corresponding
protons in 3 resonated at § 6.90 and § 6.54. The difference in the
chemical shifts for these protons in the two compounds suggested that 2
was sulfated at both C-5 and C-7 whereas the C-5 hydroxyl group was
unsulfated in 3. Additionally the spectrum of 3 revealed a signal at $&
12.55 characteristic of a proton participating in a hydrogen bond to a
134 MR
spectra of 2 and 3 provided further support for the assigned structures.
In particular, the resonance position of the carbonyl carbon atom in

carbonyl group in systems such as this.” A comparison of the

these compounds provided compelling evidence for the assignment. 1In 2
this signal appeared at 175 ppm, whereas in 3 it resonated at 179.9 ppm.
The downfield shift in 3 can only be attributed to hydrogen bonding of
the hydroxyl group at 5 with the carbonyl group at 4 (see partial
structure (3a) below).

(3a)

Such a downfield shift of the C=0 carbon signal due to hydrogen
bonding is well documented in flavonoids containing a C-5 hydroxyl
group.7'8 The above data along with other analytical results clearly
indicated that 2 and 3 are the deca and nona sodium salts, respectively.
It was interesting to note that after the addition of a drop of tri-
fluorocacetic acid to a solution of 2, its 'H and '*C MR spectra became
indistinguishable from those of 3.

Both 2 and 3 were shown to be potent inhibitors of the complement
system and the results of these biological studies will be published
elsewhere. The procedure described herein for the sulfation of rutin

can be applied to flavonoid glycosides in general.
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EXPERIMENTAL

The triethylamine-sulfur trioxide complex was prepared by the
reaction of triethylamine and chlorosulfonic acid by a procedure
developed by us.’® The rutin used was 'purum’ grade (Fluka) and was
dried in vacuo over phosphorus pentoxide. HPLC analysis was carried out
using reverse-phase HPLC (C,, column, Waters Associates) under ion-
pairing conditions. HPLC grade acetonitrile and specially purified
water were used as the solvents. Tetrabutylammonium phosphate (Pica®)
was used as the ion-pairing reagent. The 'H MR and ’c MR spectra
were obtained on Nicolet 100 MHz and 80 MHz instruments.

Rutin decakis (H-sulfate) Sodium Salt (2). The triethylamine
sulfur trioxide complex (70.2 g, 0.388 mol) was dissolved in dimethyl-
acetamide (245 mL) and Drierite (49 g) was added to it. The mixture was
heated at 63-65 °C for 20 min. Rutin (5.95 g, 9.75 mmol) was added to
the mixture with swirling. Heating was continued at 63-65 °C for 3 h.
The reaction-mixture was then rapidly cooled and filtered into acetone

(2.5 L) containing triethylamine (15 mL). The oil that separated was
allowed to settle overnight at ~O °C. The supernatent liquid was
decanted and the oil washed several times with acetone to remove any
excess triethylamine-sulfur trioxide complex.

The oily product was dissolved by the addition of 30% sodium ace-
tate solution (40 mL) and water (50 mL). The solution was allowed to
stand at room temperature for 20 min and then filtered. The filtrate
was poured slowly into ethanol (2.3 L) with vigorous stirring. The
stirring was continued for 40 min. The granular product was filtered,
washed repeatedly with ethanol, and then with ether. It was then dried
in vacuo at room temperature for 18 h. An off-white powder (14.5 g,
91%) was obtained. Anal. Calcd for C,,H,,0,,Na, S, ., 4.4 H,0, 2.7
Et-OH, 2.3 Na,50,: C, 18.05; H, 2.12; s, 18.22; Na, 15.50. Found: C,
18.06; H, 1.88; s, 18.08; Na, 15.52. The following determinations
supplement the above analysis. H,0 (KF)'' = 3.6%, Et-OH (glc)'’ = 3.0%,
Na, S0, (non aq. titration)’® = 9%. HPLC: Retention time 10.8 min
(conditions; water-acetonitrile 55:45, PicA", flow rate 1 mL/min; 268
nm; chart speed 2"/min). UV: maxima at 313 nm, 253 nm. Infrared: 1622
cn'. 'HNMR (DMSO-d6): & 1.5 (3H, d, J = 6 Hz, CH,), 3.75-4.7 (8H,
multiple signals due to the disaccharide protens, individually
unassignable), 5.16 (1H, d, J = 4.5 Hz, anomeric proton of rhamnose
moiety), 5.91 (1H, d, J = 5.8 Hz, anomeric proton of glucose moiety),
7.13 (14, d, J = 2 Hz, H-8), 7.27 (1H, d, J = 4 Hz, H-6), 7.66 (1H, d, J
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= 4 Hz, H-5), 8.21 (1H, 5, H-2'). 8.25 (1H, d, J = 4Hz, H-6'). '’C NMR
(DMSO-d, ): 8 9.1 (rhamnose methyl), 157.4 (C-7), 158.0 (C-5), 175.0
(C=0).

Rutin nonakis (H-sulfate) Sodium Salt (3). The triethylamine-
sulfur trioxide complex (70.2 g, 0.388 mol) was dissolved in dimethyl-

acetamide (245 mL) and Drierite (49 g) was added to it. The mixture was
heated at 63-65 °C for 20 min. Rutin (5.95 g, 9.75 mmol) was added to
the mixture with swirling and the heating was continued at 63-65 °C for
8 h. The reaction mixture was then rapidly cooled and filtered into
acetone (2.5 L). The oil that separated was allowed to settle overnight
at room temperature. The supernatent liquid was decanted and the oil
washed several times with acetone to remove any excess triethylamine-
sulfur trioxide complex.

The oily product was dissolved by the addition of 30% sodium ace-
tate solution (40 mL) and distilled water (50 mL). The solution was
allowed to stand at room temperature for 20 min and then filtered. The
filtrate was added gradually into ethanol (2.3 L) with vigorous stir-
ring. The stirring was continued for 40 min. The granular product was
filtered, washed repeatedly with ethanol and then with ether. The pro-
duct was then dried in vacuo at room temperature for 18 h. A yellow
powder (12.8 g, 86%) was obtained. Anal. Calcd for C,,H,,0,,Na;5,.

3 H,0, 3 Et-OH, 3Na,sO,: C, 18.46; H, 2.11; s, 17.22; Na, 15.50. Found:
c, 18.35; H, 1.88; S, 17.32; Na, 16.31. Also found: H,0 (KF)'! = 3%,
Na, SO, (non-aq. titration)!® = ~10%. HPLC: Retention time, 11.5 min
(water acetonitrile 55:45, PicA®, flow rate 1 mL/min; 268 nm, chart
speed 2"/min). UV: maximum at 265 nm. Infrared: 1648, 1605 em b,

'H NMR (DMSO-d,): § 1.29 (3H, d, J = 6.2 Hz CH,), 3.5-4.8 (8H, multiple
signals due to the disaccharide protons, individually unassignable), 5.1
(1H, d, J = 3.2 Hz, anomeric proton of rhamnose), 5.91 (iH, 4, J = 5.0
Hz, anomeric proton of glucose). 6.54 (1H, d, J = 2 Hz, 6), 6.90 (1H,
d, J =24z, 8), 7.68 (14, 4, J = 4 Hz, 5'), 8.06 (1H, d, J = 4 Hz, 6'),
8.14 (1H, s, 2'), 12.55 (1H, s, 5). '’C NMR (DMSO-d,): § 98.5 (C-8),
100 (c-6), 102 (Cc-9), 136.1 (Cc-2, 143.6 (c-3'). 146.7 (C-4’), 157.1
(c-5'), 157.8 (c-6'), 158.6 (C-7), 160-9 (C~b), 179.9 (C=0).
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