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ABSTRACT

C-Glycosyl amino acids represent stable mimics of monomeric units within natural O-linked glycoproteins. Olefin cross-metathesis has been
used to provide alkene precursors for a mercury(ll)-mediated cyclization, yielding o-C-glucosyl serine and alanine.

Installation of carbohydrates onto proteins is a post- and Several syntheses af-C-glycosyl serines have been
cotranslational event managed by numerous glycosyltrans-reported® In addition, the chain-shortened-C-glycosyl
ferased. One of the most common linkages entails O- alanine has been prepared, although with modest diastereo-
glycosylation of serine/threonine residues. Conjugation of selectivity?
glycosides not only confers physicochemical constraints on  Recently, the ruthenium-catalyzed olefin cross-metathesis,
the protein, but the glycans serve as specific ligands for followed by hydrogenation, has been employed for the
endogenous and exogenous receptors and hence mediate
various biological interaction’. (3) (a) Dondoni, A.; Marra, A.; Massi, Al. Org. Chem1999 64, 933—
. o . 944. (b) Debenham, S. D.; Debenham, J. S.; Burk, M. J.; Toone, E. J.
Replacing the linking oxygen with a methylene offers a am. chem. S0a997 119 9897-9898. (c) Urban, D.; Skrydstrup, T.: Beau,

great deal of stability with minimal steric variance. These sz _gpeRm-RCgm{n;&l)ﬁl?gf,l?%521—7925?- )(g) Fijohr_igA CMH.; T:km' M
. . . chmidt, R. R. Synle , . (e) Dondoni, A.; Marra, A.; Massi,
so-called C-linked glycosides are robust to degradation by A chem. ComrT)1/uril.998, 1741-1742. (f) Ben, R. N.; Orellana, A.; Arya,
glycosidases, reaction with glycosyltransferases, acid hy-\lj\)JéOrlg-télg;GmslS%{Ségi 3}?15—%829- F(|9)CDorgarl,'\|B. i/l Jacl;;oon, R. F.
. : P . Synle . ondoni, H.; Catozzi, N.; Marra, A. Org.
drolysis of the former anomeric acetal, afieelimination Chem.2004,69, 50235036 (i) Nolen, E. G.; Watts, M. M.; Fowler. D.
from the serine. J.Org. Lett.2002,4, 3963—3965.
(4) (a) Kessler, H.; Wittman, V.; Koch, M.; Kottenhahn, Mngew.
Chem., Int. Ed. Engl1992,31, 902—904. (b) Gurjar, M. K.; Mainkar, A.
(1) (@) Marth, J.; Lowe, J. B.; Varki, A. IiEssentials of Glycobiology; S.; Syamala, MTetrahedron: Asymmetr}993,4, 2343—2346. (c) Axon,
Varki, A., Cummings, R., Esko, J., Freeze, H., Hart, G., Marth, J., Eds.; J. R.; Beckwith, A. L. JJ. Chem. Soc., Chem. Commd895, 549—550.
Cold Spring Harbor Laboratory Press: Cold Spring Harbor, New York, (d) Vidal, T.; Haudrechy, A.; Langlois, YTetrahedron Lett1999 40,

1999; Chapters 8 and 17. (b) Sears, P.; Wong, CGell. Mol. Life Sci. 5677—-5680. (e) Vincent, S. P.; Schleyer, A.; Wong, C.JHOrg. Chem.
1998,54, 223—252. 2000, 65, 4440—4443. (f) Parrish, J. D.; Little, R. @rg. Lett.2002,4,
(2) Dwek, R. A.Chem. Rev1996,96, 683—720. 1439-1442.
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preparation ofC-glycosyl amino acids, providing a rapid || N R

entry into analogues in which the intervening carbon chain

contains three or more methylenes, Figure 1. Dondoni made
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Figure 1. Summary of previous CM approaches @aglycosyl
amino acids.

use of benzyl-protecte@-alkenyl glycosides and affected
cross-metathesis with a vinyl oxazolidine, derived from
Garner's aldehydeMcGarvey has described the success of
the cross-metathesis approach betw@eaaikenyl glycosides
andc-allyl glycine® and we have communicated the olefin
cross-metathesis betwedD-allyl glycosides and.-vinyl
glycines for C-glycosyl amino acid synthesisin each of
these reports, the Grubbs’ second-generation cat&gst
was employed for the olefin cross-metathesis (CM). In our

[ e—
1:n=1,X=H,Y=0H,P=Bn
2:n=1,X=0H,Y=H,P=TBDMS CM
3n=0,X=HY=0H,P=Bn

PO

NHBoc
ErS R
PO v COzR1
4:X=H,Y=0H,P=Bn 6:n=1,R' =Me
5:X=0H,Y=H, P =TBDMS 7:n=0,R'=Bn

Figure 2. Retrosynthetic plan.

for this methodology has been demonstrated by Nicotra on
the heptenitol4 for the production ofo-C-methyl glyco-
sidest!

We have prepared the known gluco-heptenitah one
step by addition of divinylzinc to 2,3,5-tf>-benzyl arabi-
nose'! The divinylzinc addition is remarkably stereoselective
for the gluco isomer due to chelation control. The CM
partner, allyl glycines, is available via the Williams enoldfe
or by protection of the commercially available allyl glycine.
A preliminary attempt at cross-metathesis using the Grubbs
generation 1 catalysG1 [(CysP)(Cl,)Ru=CHPh] gave
unceremoniously no CM product but rather 55% vyield of
813 by olefin transposition to the enol and subsequent acetal

hands and in accordance with others, the linking carbon chainformation.

between thé&C-glycoside and the amino acid cannot be made

Successful cross-metathesisAdind6 was accomplished

shorter than three carbons without seriously diminishing the using the second-generation Grubbs initia®#; this pro-

yield, yet serine mimics require only two linking methylenes.

vided 9 with the appropriate carbon chain length,dCfor

This represents a severe limitation for the preparation of C-glycosyl serines. A significant amount of self-metathesis

C-linked glycosyl amino acids by this straightforward
methodology’ Recognizing this limitation, Ben employed a
CM strategy for several C-linked galactosyl analogues, with
the exception of serin®.

To circumvent this limitation we considered opening the
sugar to vary the reactivity for CM olefination. Specifically,
as shown in Figure 2, we sought to employ the cross-
metathesis methodology on the readily available gluco-
heptenitod and the manno stereoisontewith allyl or vinyl
glycine,6 or 7, respectively, to produce acyclic glyco-amino
acid alkenes, which upon electrophilic cyclization would
yield the desiredC-glycosyl serine or alanine. Precedence

(5) Dondoni, A.; Giovannini, P. P.; Marra, Al. Chem. Soc., Perkin
Trans. 12001, 2380—2388.

(6) McGarvey, G. J.; Benedum, T. E.; Schmidtmann, F.QYg. Lett.
2002,4, 3591—3594.

(7) Nolen, E. G.; Kurish, A. J.; Wong, K. A.; Orlando, M. Detrahedron
Lett. 2003,44, 2449—2453.

(8) (a) Blackwell, H. E.; O’'Leary, D. J.; Chatterjee, A. K.; Washenfelder,
R. A.; Bussmann, D. A.; Grubbs, R. H. Am. Chem. So2000,122, 58-
71. (b) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. @rg. Lett.1999,1,
953—956.

byproducts,10 and 11, was observed. Considering that a
completely nondiscriminant metathesis reaction (i.e., rate
constants for all metathesis reactions being equal) would
yield only 50% of the desired produttwe modified the
reactivity of4 to enhance the selectivity. Using the diacetate
or the bis-TMS ether of gave a more selective CM reaction,
but the yield did not compensate for the material loss during
protection and eventual deprotection. Curiously, when the
allylic hydroxyl of 4 was protected as the benzyl ether, no
CM reaction was observed. This is in contrast to the
structurally similar allylic pMB ether reported by Basu,
which successfully undergoes CM reactidhSubtle elec-
tronic and steric effects have been noted for allylic alcohols
and ethers in the literatufé.

(11) Boschetti, A.; Nicotra, F.; Panza, L.; RussoJGOrg. Chem1988,
53, 4181—-4185.

(12) Williams, R. M.; Sinclair, P. J.; DeMong, D. Bxrg. Synth2003,
80, 31-37.

(13) Sharma, G. V. M.; Chander, A. S.; Krishnudu, K.; Krishna, P. R.
Tetrahedron Lett1997,38, 9051—9054.

(14) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, RJH.

(9) Recently, a successful ethylene-promoted olefin cross-metathesis onAm. Chem. So2003,125, 11360—11370.

C-vinyl carbohydrates was reported: Chen, G.; Schmieg, J.; Tsuji, M.;
Franck, R. W.Org. Lett.2004,6, 4077—4080.
(10) Liu, S.; Ben, R. NOrg. Lett.2005,7, 2385—2388.
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(15) Rai, A. N.; Basu, AOrg. Lett.2004,6, 2861—2863.
(16) Maishal, T. K.; Sinha-Mahapatra, D. K.; Paranjape, K.; Sarkar, A.
Tetrahedron Lett2002,43, 2263—2267.
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Table 1 illustrates the near statistical yields of metathesis ||| GTcNININGNGNNEEEEEEEEEEEE

Table 1. CM of Gluco-hepetenitol and Allyl Glycirfe
OBn OBn

NHB:
gongor (0T ov gondon
n + n
HO I CO,Me HO CO,Me
4 6 9

entry ratio of 4to 6 yield of 9 (%)® yield of homodimer 10 (%)

1 1:2 48 na
2 2:1 54 39
3 4:1 70 64

a All reactions were refluxed in C#Cl, for 15 h with 15 mol %G2
catalyst.? All yields given were isolated from column chromatography.

Scheme 2. CM Applied to Mannose andli-Acetylglucose
Derivatives

RO RO
OH 10 mol% G2, . OHOH NHBoG
RS OH_  6(2eq) CHCl, T H. = o
H 51% H 2Me
12 EZE‘?DMS 13: R = TBDMS
. 20mo%e2, 7 ‘e
BnO -OH 6 (2equiv), BpO LOH YHBoc
BnO =~ —————» Bno = COMe
AcNX CH.Cl, ASNH 2
0,
14: X = pMB 16% 16
15: X =H

products. Entry 3 represents our approach to maximizing mers was facilitated. CM using 2 molar equiv of the allyl

material advancement. On the basis of consumptiody af

glycine with 5 provided13 in 51% yield, along with the

70% yield of 9 was isolated and easily separated from the easily separable homodimers.

more polar homodimet0. This self-metathesis product could

be recycled through the CM reaction with(1 equiv) to
give a 45% vyield of.

Due to the importance and prevalence of many natural
amino glycosides, the amino-substituted gluco-hepteh#s|
was prepared in four steps from 2,3,5@rbenzyl arabinose.

The same general CM strategy has been applied to thein our hands, we noted the rotational isomers of the tertiary,

manno-heptenitols and12 (R = TBDMS and Bn, respec-
tively) with allyl glycine 6 (Scheme 2). Toward that end,

Scheme 1. CM Strategy

10mol% G2 OBn

CH;Clp, 15h
4+ 6 i - BIONLOH NHBoc
n
HG coMe
9
20mol% G1
CH,Cly, 15 h
55% I OBn OBn OH OBn OH
recycle =
OBn =
o. OH E
OH OBn OH OBn OBn
E 10
BnO OBn
8 NHBoc
M N R
+ MeOL A~ CO,Me
Catalysts: NHBoc
Mes—N._ _N-Mes 11
ci. 7% pn cl | _ .Ph
cirRu= cirRu=
PCy; PCys
G1 G2

the known tri-O-benzyl manno-hepteh2 was prepared by

vinyl Grignard addition to 2,3,5-tri-O-benzyl arabinose, at

low temperature as described by NicottaThe manno-

pMB amide14; specifically,'"H NMR spectroscopy revealed
a doubling of many resonanc&sUpon oxidative cleavage
of the p-methoxybenzyl group, compourd appeared as a
single compound byH NMR. In view of successful CM
reactions on carbamate-protected allylic amireesd vinyl
glycines! we expected a decreased reactivity fif, in
comparison to alkend, and a more selective CM. Unfor-
tunately,15 had rather limited reactivity, and only very low
yields of CM productl6 were obtained.

Turning our attention to the cyclization step, we hoped to
exploit the methodology of Nicotra for the production of
C-linked glycosyl amino acid¥. The gluco-decen® was
successfully cyclized using mercury(ll) trifluoroacetate at
room temperature to give a single stereoisomer (Scheme 3).

Scheme 3. Cyclization toC-Glycosyl Amino Acids
PO

i. Hg(OTFA),;
OH aq KCI

NHBoc i gEt,, NaBH, or
~ NaBH,4, NaOH,
COMe gngt,NHCI

1:X=H,Y=0H,P=Bn
i. Hy, Pd/iC |: (94%, two steps)

ii. Ac,0, py 2:X=0H,Y=H,P=TBS
(96% step a)
17: X=H,Y=0Ac, P =Ac

heptene was produced as an inseparable diastereomerit€moval of mercury was ur(l)iquely and cleanly accomplished
mixture, with a manno to gluco diastereoselectivity of 2:1. PY the BE§, NaBH, method® to provide a 94% yield of..

Coordination of the magnesium by the carbonyl and the C-2

(17) Lee, R. E.; Mikusova, K.; Brennan, P. J.; Besra, G1.&m. Chem.

benzyl ether undoubtedly favors the gluco diastereomer. To so¢.1995 117, 11829—11832.

minimize this chelation, we turned to the silyl ether-protected
arabinosé/ but the stereoselectivity was only marginally

(18) Yoda, H.; Suzuki, Y.; Takabe, Rletrahedron Lett2004,45, 1599—

(19) Lewin, A. H.; Frucht, M.; Chen, K. V. J.; Beneditti, E.; Blasio, B.

improved (2.5:1.0); fortunately, the separation of stereoiso- D. Tetrahedron1975,31, 207—215.
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NMR evidence was initially unclear as to the “anomeric”

gluco-nonen€el8 in 68% yield. In this case, 2 equiv of the

configuration. Stereochemical assignment was possible byless reactive alkene metathesis partharere used to drive

hydrogenolysis and acetate formation to furnish th€-
glucosyl serinel7, which was identical to material synthe-
sized previously in our laboratoPySpecifically, theH NMR
resonance for H-2 (glycoside numbering) of compodid

the reaction to completion. Cyclization with a stoichiometric

amount of Hg(ll) led to a 7.5:1.0 ratio of diastereomers,

which were partially separable by chromatography. The

major isomer was treated with BEind NaBH to cleanly

in CDCl; appears as a doublet of doublets rather than a triplet, provide 3 in a 70% overall yield for the cyclization and

which is characteristic of the-anomer in th¢C; conforma-

demercuration. Acetylation of the C-2 hydroxyl (carbohy-

tion. Thea-stereochemical preference is in accordance with drate numbering) pulled the H-2 NMR resonance into view

Houk’s inside-alkoxy model*
Application of this cyclization strategy to the manno-

downfield atdé 5.04 ppm in compound9 in CDCl;. The
coupling constant), ;) was measured to be 4.8 Hz, which

alkenel3also gave a single stereoisomeric organomercurial is in agreement with Kessler's measurement of a simia-
compound in 96% yield (Scheme 3). On the basis of the glucosyl alaning?

inside-alkoxy model, thé-isomer would be expected, but
as Nicotra observed in his preparation@imethyl manno-
side, thea-isomer 2 is produced. Confirmation of this
stereochemical assignment was based uporiGheonfor-

The acetylation of the C-2 hydroxyl highlights the potential
to vary the functionality at this position in both the serine
and alanine mimics. As this position maintains key steric
and electronic interactions with the peptide backbone in

mation of the tetrahydropyran, as evidenced by the coupling glycoproteins}* we will be exploring the conformational

to the proton on C-2 08, , = 10.4 Hz andJ),3 = 3.2 Hz
(glycoside numbering). It is possible that the allylic alcohol

effects upon functional group variation at C-2.
In summary, the CM/cyclization strategy provides a rapid

may interfere, leading to an intermediate epoxide, and thatentry toa-C-glucosyl serine and alanine with high stereo-
subsequent epoxide opening leads to a double inversion. Teselectivity. However, the methodology is not applicable to

our dismay, attempted removal of mercury by the BEt
method led only to reductive elimination and recovery of
alkenel3. A low yield (29%) of2 was achieved by NaBH
under phase transfer conditiotfs.

By direct analogy to thet-C-glucosyl serine synthesis,
we have prepared the chain-shortene@-glucosyl alanine.
As shown in Scheme 4, substituting th&inyl glycine 7237

Scheme 4. Synthesis oft-C-Glucosyl Alanine

BnO BnO 7.5:1
i. Hg(OTFA),.
KCI BnO: o]
[ BBnr% OH 29 BnO
20 mol% G;, HO ii. BEt; NaBH,4 X0
4 (0.5 equiv) COBn  70% CO,Bn
68%
° NHBoc 3:x=H NHBoc

Ac,0 E
19: X=Ac

for the L-allyl glycine 6 in the CM reaction provided the

(20) Kang, S. H.; Lee, J. H.; Lee, S. Betrahedron Lett1998,39, 59—
62

(21) (a) Houk, K. N.; Moses, S. R.; Wu, Y.-D.; Rondan, N. G.; Jager,
V.; Schohe, R.; Fronczek, F. R. Am. Chem. S0d984,106, 3880—3882.
(b) Chamberlin, A. R.; Mulholland, R. L., Jr.; Kahn, S. D.; Hehre, WJ.J.
Am. Chem. Sod 987,109, 672—677.
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C-mannose derivatives due to the reductive elimination
during mercury removal and does not allow direct formation
of 2-N-acetyl-2-deoxyglucosy! derviatives due to poor CM
participation.
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