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Abstract: Spider venom toxins have attracted considerable attention for their ability to block the action of
excitatory amino acids such as glutamate and aspartate. A new neuroactive compound designated HF-7 was
isolated in 1993 from the venom of a funnel-web spiddéojolena curta HF-7 was shown to block kainate
receptors and, albeit weakly, L-type calcium channels. Spectroscopic analysis established the structure of HF-7
as an unusual acetylated, disulfated fucopyranosyl guanosine, with the acetate ester attached at the 4-position
of an a-linked fucose ring and two sulfates attached to the ribose ring. Because insufficient quantities of
natural HF-7 were available for chemical degradation or X-ray diffraction analysis, total synthesis of three
candidate structures was used to establish the identity of HF-7. Once HF-7 was fully characteriz€d as 3
(4"-O-acetylo-L-fucopyranosyl)guanosinég;2-disulfate, an improved, targeted synthesis of the natural product

was developed.

The remarkable dominance of insects and other arthropodsa form of excitotoxicity mediated by non-NMDA receptors that
on land can be attributed, in part, to the extraordinary diversity can arise following cardiac arrest, drowning, or carbon monoxide
of their chemical defense mechanistis.addition to glandular poisoning?®
defensive secretions and systemic antifeedants, some anthropods From initial spectroscopic analysis, it was clear that HF-7
muster offensive chemical weaponry to capture their prey. In pelonged to no known class of spider venoms. The presence of
this regard, spider venom toxins have attracted considerablea guanine chromophore was established by ultraviolet absorption
attention for their ability to block the action of excitatory amino spectroscopy. Satisfactory mass spectrometric data could only
acids such as glutamate and aspaf&eceptors for suich amino  be obtained by negative ion fast atom bombardment (FAB) mass
acids (NMDA, kainate, quisqualate/AMPA) and their closely spectrometry, which revealed a parent monoanionvat630
associated ion channels affect the intracellular concentration Ofcorresponding to a molecular weight of 631 Da. The presence
C&* in nerve cells and are important in a variety of neural of a sulfate group was confirmed by loss of an 80 Da fragment
functions, including paif,motor control! learning, and memor§. from this anion, corresponding to the loss of:3@m the parent

Most spider-derived toxins are characterized by polypeptide, ion. Exact mass measurement of the resulting base peak in the
protein, or polyamine backbonésAs part of a collaboration  spectrum established the molecular formulgHGaNsO13S (1z
between scientists at Cornell University and Cambridge Neu- obsd 550.1036; calcd 550.1091), from which the molecular
roScience, Inc., a new neuroactive compound designated HF-7formula for HF-7 was inferred to be1gH24Ns016S,. Further
was isolated in 1993 from the venom of a funnel-web spider, spectroscopic analysis established the structure of HF-7 as an
Hololena curta’ This highly polar agent was shown to block unusual acetylated, disulfated fucopyranosyl guanosine, with the
kainate receptors and, albeit weakly, L-type calcium channels. acetate ester attached at the 4-position ofxdimked fucose
Such agents might be used in treating global cerebral ischemiaring and two sulfates attached to the ribose ring.

T Comell University Several aspects of the ove(all structure of HE-? are notgwor-
* Leiden University. thy. To our knowledge, HF-7 is, together with liposidomy&in,
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EtOH, reflux, 22 h; (e) HgO, HgGl 9:1 acetone/kD, room temper-
ature, 2 h; (f) carbonyldiimidazole, ether, room temperature, 1 h.

HO3SOH,C

0
CHy OH HF-7

OH
AcO for further biological evaluation. To establish the structure of

HF-7, we herein report the synthesis of four acetylated,
HO3SOH,C G disulfated fucosylguanosines:’-@-(4""-O-acetyla-L-fucopy-
e} o G ranosyl)guanosinet®-disulfate (), 3-O-(4'-O-acetylo-L-
oi O OSOM fucopyranosyl)guanosing;3-disulfate @), 5'-O-(4""-O-acetyl-

CH, OH o-L-fucopyranosyl)guanosinég;3'-disulfate @), and 3-O-(4"'-
Ao OH HO,SO  OSOzH HoX O O-acetyle-p-fucopyranosyl)guanosing;2-disulfate @). On the
cO CH, . . . .
basis of spectroscopic comparisons with the natural product,
OAc the structure of HF-7 was shown to be )2 (Scheme 1).
3 4 Following preliminary disclosure of the isolation and charac-
_ _ _ terization of HF-7 an efficient route specifically designed for
family of glycosylated nucleosid€sand contains the more  the regio- and stereoselective synthesis j-2 itself was
unusualo-glycosidic linkage. Other known examples are the developed.

affect C&" release? or 5-positions with an acetylated and appropriately protected

Limited amounts of natural HF-7 available precluded the use fycopyranosyl donor. Several multistep procedures for distin-
of 'H-detected {H, **C) multiple bond correlation (HMBC)  guishing the hydroxyl groups affucose have been developed
NMR spectroscopy to identify the site of the fucose linkage, in synthetic studies on blood-group determindfitGuided
and hence the sites of sulfation on the ribose ring. With ytimately by the requisite compatibility (and selective cleavage)
insufficient quantities for chemical degradation or X-ray dif- of protecting groups in the two saccharide subunits, we imple-
fraction analysis, the absolute configuration of the fucose and mented an expeditious route toGtacetyl-2,3-diO-benzyl-1-
ribose could not be determined. Since-aor L-fucose could  O.imidazolylcarbonylk-L-fucopyranoside), depicted in Scheme
be joined at the 2, 3, or 5-positions of a- or L-ribose, 12 2 Reactions of the known allyi-L-fucopyranosideH)*” with

utilization of the more common enantiomers of monosaccharidesgngr in DMF, afforded 2,3-dibenzyl ethe in 68% yield. A

(p-ribose and -fucose), the number of possibilities was reduced sjmilar, tin-mediated 2,3-dB-benzylation of methyla-p-
to three (-3, Scheme 1). _ _ galactopyranoside (13% vyield) was recently repotfed@he

In SUCh a Sltua“on, tOta| SyntheSIS Of the Cand|date StructureSmechanism of th|s reaction, a'though unknown, was Suggested
represents a useful way to complete the characterization of atg involve initial benzylation at 02, followed by benzylation at
new natural product, as well as to obtain adequate quantities ofg3, Acetylation of 6 afforded 7, which, upon subsequent
both the natural material and some closely related analoguesgeallylation using Wilkinson’s catalyst followed by HggO,

(12) (a) Waller, C. W.; Patrick, J. B.; Fulmor, W.; Merey, W.E.Am. afforded8. Compound8 was transformed into imidazolylcar-
Chem. Soc1957, 79, 1011-1012. (b) Morton, G. O.; Lancaster, J. E.; Van  bonyl glycoside9. We chose this type of glycosylating agent
'-ea{éG# E.;tlxleyelr, W. ‘IEJt dAm- ?he’,‘;- Sod9§$:<91, 1?1%5 13371-99 on the basis of its successful use in the synthesis of avermectin
95Y(18)599rlg7grgycosyae nucleosides, see: Knapghm. Re. 1993 by Ley and Ford? who found that it worked well in the

(14) (a) Kobayashi, J.; Doi, Y.; Ishibashi, M. Org. Chem1994 59, construction of a hindered glycoside, and that it strongly favored
255. (b) Doi, Y.; Ishibashi, M.; Kobayashi, Jetrahedronl994 50, 8651. o-glycosylation.
gg,ﬁ_gﬁ%fg‘3'1'&3\?2?%?”}{5@%; éﬁnggrg?ﬂsre&]%%j\g]nesn?ggél H. _Sc_heme 3 depicts the synthesis of appropriate guanosine
61, 6744-6747. building blocks12 and13 used to prepare target structufes4.

(15) (a) Takahashi, M.; Tanzawa, K.; Takahashi).Biol. Chem1994
269 369-372. (b) Hotoda, H.; Takahashi, M.; Tanzawa, K.; Takahashi, (16) Lemieux, R. U.; Driguez, HJ. Am. Chem. Sod.975 97, 4069~
S.; Kaneko, MTetrahedron Lett1995 36, 5057-5040. (c) Jenkins, D. J.; 4083.

Potter, B. V. L.Carbohydr. Res1996 287, 169-182. (d) van Straten, N. (17) Garegg, P. J.; Norberg, Tarbohydr. Res1976 52, 235-240.
C. R.;van der Marel, G. A.; van Boom, J. Fetrahedrornl997, 53, 6509 (18) Qin, H.; Grindley, T. BJ. Carbohydr. Cheml994 13, 475-490.
6522. (19) Ford, M. J.; Ley, S. VSynLett199Q 255.
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aConditions: (a) TBSCI, imidazole, DMF, 2 h; (B) ZnBr,, CH.Cl,,
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bis-silyl ether12 with the activated fucosyl don® to afford
o-linked glycosidel4 as the exclusive product. Fluoride-induced
desilylation of 14 furnished diol 15, which was smoothly
sulfated using excess SO®MF complex to give disulfaté 6.
Purification at this stage either by HPLC or by ion-exchange
chromatography was difficult because of the amphiphilic
characteristics 016. Deprotection ofL6 by exhaustive hydro-
genolysis on Pd(OH)followed by HPLC purification (reversed-
phase, HO/CH;CN/TFA), furnished the desired compouBd
From the'H NMR spectrum of3, it was evident that H2and
H3' on the ribose ring were deshielded by 1.14 and 1.12 ppm,
respectively, compared to the corresponding resonancts in
as would be expected from sulfation at tHe&@nd 3-hydroxyl
groups. Moreover, the negative ion FAB mass spectrum revealed
fragments aim/z 652 (M — 2H + Na) and 630 (M— H) in
support of its assigned structure. However, comparison of the
NMR spectrum of syntheti8 with that of HF-7 revealed that
the two compounds were not identical.

Turning next to glycosylated nucleosidésand 2 as candi-
dates for the structure of HF-7, the direct coupling8oivith
guanosine 23-diol 17 (Scheme 5) was investigated as an

The N-carbobenzoxy group (Cbz) was chosen to protect the expedient approach to both and 2. Ether 17, prepared by
guanine’s primary amine group during the glycosylation step, monesilylation of13, underwent a smooth, ZnBcatalyzed
since both the Cbz and fucose benzyl ethers could subsequentlyasction withs in CH.Cl, at reflux to afford both the 2 and

be removed by hydrogenplysis under conditions that would not 3'-coupled productsl8 and 19 in 38% and 40% vyields,
deacetylate the fucose ring. Only one report appeared on theregpectively. In addition, the correspondirigg2difucosylated
use of Chz group to protect the exocyclic amino group of ncleoside (structure not shown) was obtained+18% yield.
nucleoside bases. The paper described a lengthy route t0 thgsqth 18 and 19 were readily obtained pure by flash column
N-Cbz derivative of 2-deoxyguanosine, but not of guanosine chromatography, and each could be desilylated in excellent yield
itself.20 Therefore, the approach indicated in Scheme 3 was g afford 20 and 21, respectively. Structural assignments were

developed. Reaction of the kno%tris-silyl ether10with Chz-
imidazole?? afforded the Cbz-protected nucleositiein excel-
lent yield. Selective deprotection dfl to alcohol 12 was
achieved using 1:1 TFA/CIEl,, whereas exhaustive desilylation
with fluoride affordedNCP2guanosine 13).

With appropriate fucose and guanosine building blocks in

hand, a regioselective synthesis of@&(4''-O-acetylo-L-
fucopyranosyl)guanosing;3-disulfate @) was developed, as

confirmed at this stage by HMBC NMR spectroscopy, which
indicated long-range coupling of the fucose anomeric hydrogen
H1" with the C2 carbon of20 and with the C3carbon of21.
The corresponding couplings of the fucose'@dith H2' of 20
and H3 of 21 were also observed.

The 2-fucosylated nucleosid20 underwent sulfation using
excess S@DMF to afford disulfate 22, which, without
purification, was hydrogenolyzed over Pd(QH) afford 2-

shown in Scheme 4. Fucosylation of guanosine selectively at O-(4-O-acetyla-L-fucopyranosyl)-guanosine;3 -disulfate ()

the B-position was achieved by ZnBcatalyzed coupling of

(20) (a) Watkins, B. E.; Rapoport, H. Org. Chem1982 47, 4471-
4477. (b) Watkins, B. E.; Kiely, J. S.; Rapoport, B.. Am. Chem. Soc.
1982 104, 5702-5708.

(21) Ogilvie, K. K.; Schifman, A. L.; Penney, C. Can. J. Chem1979,
57, 2230-2238.

(22) Babad, E.; Ben-Ishai, 0. Heterocycl. Cheml969 6, 235-238.

in 36% vyield (Scheme 6). Examination of the NMR spectrum
of 1, taken after HPLC npurification, revealed significant
differences from that of authentic HF-7 under the same
conditions.

By analogy with 20, the major coupling product, '3
fucosylated nucleosid®1, was sulfated, and the resulting
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disulfate 23 was deprotected by hydrogenolysis to afford 3
O-(4"-O-acetyla-L-fucopyranosyl)guanosine; 2 -disulfate @)
(Scheme 6). The high-resolution MS and UV spectra, as well
as'H and!3C NMR spectra (QO—TFA, pH 1.8), of synthetic

2 matched those of natural HF-7. Moreover, thé NMR
spectrum of a 1:1 mixture of synthetiz and HF-7 was
indistinguishable from spectra of each pure component. Taken

as a whole, the spectroscopic data indicated that the structure

of HF-7 was eithe or its mirror image.

Synthetic 2 derived fromL-fucose andb-guanosine was
levorotatory. However, the limited quantity of HF-7 available
made it impossible to obtain a reliable specific rotation of the
natural product for direct comparison with that of)(2.
Unfortunately, neither the natural product nor synthetig-2
displayed any Cotton effect (26@50 nm) in its circular
dichroism spectrum.

An exhaustive literature search uncovered no naturally
occurring nucleoside or nucleotide that incorporateibose.

To ascertain whether the hexose in naturally occurring HF-7
possessed the-configuration, the synthesis of -8-(4"'-O-
acetyla-p-fucopyranosyl)guanosinég;2-disulfate @) was car-

ried out using the enantiomer 8f(Scheme 2) prepared from
p-fucose. As expected, tHel NMR spectra of synthetid and
natural HF-7 showed distinct, though minor, differences, leading
to the conclusion that HF-7 has the structure and absolute
configuration depicted ir2.

With HF-7 fully characterized, it became possible to consider
an improved, targeted synthesis ef)¢2. First we explored the
possibility of using 2N-benzyloxycarbonyl-25'-di-O-tert-bu-
tyldimethylsilyl-guanosine 47) as acceptor molecule in the
fucosylation reaction. Direct disilylation &€°~guanosine3)
with a slight excess of TBSCI afforded mixtures of the52
and 3,5-bis-silyl ethers in approximately a 1:1 ratio. Alterna-
tively, guanosine was found to react with BOC anhydride
selectively to afford the'3protected nucleosid®4 (Scheme 7).
Silylation of the remaining free hydroxyl group using TBSCI
gave nucleosid@5, which upon reaction with Cbz-imidazole
was transformed into the fully protected guanosine derivative
26. The BOC group was removed selectively using TMSOTf-
collidine?® to afford 27, the desired precursor t6-8lycosylated

(23) Zhang, A. J.; Russell, D. H.; Zhu, J.; BurgessTiétrahedron Lett.
199§ 39, 7439-7740.
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(d) TMSOTf-collidine, CHCI,, room temperature, 1 h.
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34

nucleoside2. However, attempts to bring about the reaction of
27 with fucosyl donor9 using a variety of catalysts afforded
none of the desired coupling produZs.

The inability to fucosylate guanosyl acceptdv was an
incentive to develop an entirely different strategy to synthesize
2 via a sequential stepwise introduction of tlk and N-
glycosidic linkages, followed, after protecting group manipula-
tions, by sulfation and deprotection. Formation of (egly-
cosidic linkage commenced as depicted in Scheme 8, with the
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pyridine, 55°C, 4 h; (f) 0.2 N HSOy, 12 h (95% based 087); (g) Ha,
10% Pd(OHY/C, 10:5:1 CHOH/H,O/AcOH, 15 h, 99%.

transformatio* of commercially available ribofurano@8 into
the rigid 1,2-ortho esteB0. Debenzoylation 080 and subse-
quent regioselective silylation with TBSCI gave the partially
protected ribosyl accept8l. Fucosylation of the exposed 3-OH
group in31with a slight excess of the highly potent and strongly
o-directing ethyl 40-acetyl-2,3-diO-benzyl-1-deoxy-1-thigs-
L-fucopyranoside32)2> under the influence of the mild promoter
iodonium disymcollidine perchlorate (IDCP) yielded, after
flash chromatography, ther-linked coupling product33,
contaminated with a small amount 82. Acid-mediated ring-
opening of the 1,2-ortho est&3 under anhydrous conditions
affordedg-acetate derivativ84, thus setting the stage for the
introduction (Scheme 9) of thzlinked guanyl moiety according
to the well-knowR® Vorbriggen procedure. Thus, TMSOT{-
assisted condensation ® with persilylated guanine derivative

(24) (a) Hanessian, S.; BanoubChrbohydr. Res1975 44, C14-C17.
(b) Sliedrecht, L. Ph.D. Thesis, Leiden University, 1994.

(25) Smid, P.; De Ruiter, G. A.; van der Marel, G. A.; Romboults, F.
M.; van Boom, J. HJ. Carbohydr. Chem1991, 10, 833—-849.
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36, prepared in situ by treatment of knoWr2-N-acetyl-60-
(diphenylcarbamoyl)guanin@®®) with bis(trimethylsilyl)aceta-
mide, proceeded as expected to afford glycogdePrior to

the installation of the requisité,8'-di-O-sulfate groups37 was
subjected to the following sequence of protecting group
manipulations. Desilylation 087 with fluoride followed by
complete deacylation and subsequent selediivacetylation
afforded crystallineg8, having a free exocyclic amino function.
Selective deacetylatidhof 38 under mild basic conditions led

to the isolation of diol39, which was subjected to sulfation
using pyridine-sulfur trioxide complex. Workup and analysis
of the reaction mixture byH NMR spectroscopy revealed the
presence of the required @i-sulfated produc#il and a major
amount (90%) of the corresponding trisulfd@ Unfortunately,
attempts to suppress the unwanted sulfation of the exocyclic
amino function in39 were abortive. However, selectivé-
desulfatio® could be accomplished under acidic conditions (i.e.,
0.2 N H,SQO4 18 h) without affecting the integrity of the
glycosidic linkages, as gauged B4 NMR spectroscopy.
Accordingly, exposure of a mixture containid@ and41 (9:1
ratio) to the same acidic conditions gave, after ion-exchange
(Dowex Na" form) and purification (Sephadex LH-20), the
homogeneous db-sulfated produc#l in an excellent yield.
Hydrogenolysis of41 over Pd(OH) on carbon led, without
further purification, to the isolation of HF-7 (Nasalt) in near-
guantitative yield. Synthetic HF-7 was levorotatory and indis-
tinguishable from the natural material by reversed-phase HPLC,
NMR spectroscopy, and mass spectrometry.

In conclusion, the results described in this paper characterize
HF-7, a new neuroactive compound, ds08(4""'-O-acetylo-
L-fucopyranosyl)guanosing;3-disulfate @) and detail two
independent syntheses of this novel spider venom component.
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