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Short, stereoselective synthesis of C-glycosyl asparagines via an
olefin cross-metathesis
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Abstract—The Grubbs second generation ruthenium catalyst was employed for the cross metathesis between o- and B-C-allyl
glycosides and suitably protected L-vinyl glycines to furnish olefinic products in 57-94% yields. Hydrogenation afforded the
C-glycosyl asparagines in high yield. © 2003 Elsevier Science Ltd. All rights reserved.

The importance of intercellular recognition based on
O- and N-glycopeptides has led to their evaluation in
biosynthetic studies and as pharmaceutical targets.!
Numerous reports have described molecular mimics of
these compounds by altering the nature of the connect-
ing chain between the glycoside and the peptide or by
appending saccharide groups on extended chains, often
for the purpose of clustering groups of carbohydrates.?
Others have sought to maintain an isosteric glycopep-
tide relationship by substituting a methylene for oxygen
in the case of C-glycosyl serines and an ethylene for the
amide functionality of glycosyl asparagines (Fig. 1).
These isosteres serve as stable mimics and are expected
to act as enzyme inhibitors. Versatile and simple meth-
ods for constructing the carbon-linked isosteres are
highly desirable.
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1, C-glycosyl serine
2, C-glycosyl asparagine
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Y = NHCO, N-glycosyl aspargine

Figure 1. Isosteric mimics of O-glycosyl serine and N-glyco-
syl asparagine.

Keywords: cross-metathesis; C-glycosyl amino acid; C-glycosyl
asparagine; vinyl glycines; C-allyl glycoside.

* Corresponding author. Tel.: 315-228-7234; fax: 315-228-7935;
e-mail: enolen@mail.colgate.edu

Previous synthetic work has explored a wide variety of
C-C bond forming reactions for the preparation of
C-glycosyl amino acids, and has been reviewed by
Dondoni.? Since that review there have been several
reports furthering the development of concise and
broadly applicable routes to C-glycosyl amino acids
utilizing the Ramberg-Bicklund rearrangement,?
acetylide couplings,”> homochiral enolate additions,®
and an asymmetric Strecker reaction.” The availability
of the second generation Grubbs catalyst® has
prompted the application of its use for elaboration of
the O-glycosyl amino acids’ and for the construction of
C-glycosides.'® Recently the ruthenium-catalyzed olefin
cross-metathesis has been employed for the preparation
of C-glycosyl amino acids. Dondoni made use of benz-
yl-protected C-alkenyl glycosides and affected cross-
metathesis with a vinyl oxazolidine, derived from Gar-
ner’s aldehyde, yielding products with 2-4 carbons
linking the anomeric position to the glycinyl moiety.!!
McGarvey recently described the success of the cross-
metathesis approach between C-alkenyl glycosides and
L-allyl glycine to yield a 3 or 4 carbon linkage.!? These
reports have encouraged us to communicate our
approach based on the olefin cross-metathesis between
C-allyl glycosides and L-vinyl glycines. Our metathesis
alkene products, with 2 or 3 linking methylenes, can in
some cases be hydrogenated to yield substrates directly
suited for solid-phase peptide synthesis.

Our synthetic approach begins with the important
stereochemical elements at the anomeric position and
the glycinyl a-carbon intact. The a- and B-C-allyl gly-
cosides have been widely utilized, including the o-C-
allyl GlcNAc.!® The C-vinyl glycosides were salvaged
from iodide eliminations in our previous work.® The
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N-Cbz L-vinyl glycine methyl ester 2 was readily
available by periodate oxidation of methionine and
thermal elimination using the protocol of Rapoport.!*
Upon sulfoxide elimination, compound 2 distills out
of the reaction mixture. During the distillation it is
imperative that temperatures do not exceed 150°C,
otherwise alkene isomerization to the o,B-unsaturated
ester interferes. This oxidation/elimination sequence
produces multigram quantities in 40% overall yield
from methionine methyl ester, and provides an inex-
pensive substrate for our cross-metathesis studies.
Attempts to apply the same method to N-Boc vinyl
glycine benzyl ester 3 failed due to alkene isomeriza-
tion at the temperatures necessary for sulfoxide elimi-
nation. The known N-Boc vinyl glycine!® and the
N-Fmoc vinyl glycine benzyl ester 4 were prepared by
lead tetraacetate elimination of suitably protected L-
glutamic acid derivatives following the procedure of
Hanessian.'® As in earlier reports the products of this
decarboxylative elimination unfortunately required
chromatography to separate recovered starting mate-
rial and some y-methyl ester.'®

Cross-metathesis is achieved in high yields for the C-
allyl glycosides using Grubbs’ second generation cata-
lyst, as shown in Scheme 1 by the cross-metathesis of
the a-isomer of tetra-O-acetylglucose with the N-Cbz
vinyl glycine methyl ester. Table 1 presents our results
from the cross-metathesis and hydrogenation reac-
tions.!” All cross-metatheses were initially conducted
with 20 mol% of the 1,3-dimesityl-4,5-dihydroimidaz-
ol-2-ylidene ruthenium complex by refluxing in
dichloromethane for 12 h with 2 equiv. of the vinyl
glycine. In all cases, the mass balance for the reaction
was well accounted for by recovered starting C-allyl
glycosides, traces of benzylidene cross-metathesis
products, and self-metathesis of the vinyl glycine com-
ponent. We also found that equally good results were
obtained using 10 mol% Ru-catalyst allowing for a
slightly extended time (16 h); however, the reaction
times were not optimized. Attempts to significantly
shorten the reaction time by increasing the reflux tem-
perature using either carbon tetrachloride or 1,2-
dichloroethane led to significantly lower yields in
agreement with Dondoni’s report.!'! At elevated tem-
peratures double bond isomerizations were noted for

No significant differences are apparent between the
reactions with acetate versus benzyl protected C-allyl
glycosides (Table 1, entries 1 and 2). Likewise the
N-Cbz, N-Boc, and N-Fmoc (entries 6-8), all display
similar reactivity, which is significant in view of sev-
eral reports emphasizing the effects associated with
proximal functional groups on catalytic ruthenium-
based metatheses.!”” While most reactions were high
yielding, the C-vinyl glycosides proved not to be
good cross-metathesis partners. Yields ranging from
11-32% were obtained with high percentages of
recovered starting materials. This is comparable with
the study by Dondoni,'' and necessitates further
exploration to produce C-glycosyl serine mimics,
although McGarvey does observe cross-metathesis
participation with C-(1-propenyl) glycosides.!? Unfor-
tunately, these C-(l1-propenyl) glycosides are unreac-
tive with vinyl glycine 2 wunder typical cross
metathesis conditions.

As an alternative approach to shorten the chain
between the anomeric carbon and the glycinyl group,
we sought to prepare a trisubstituted olefin by cross-
metathesis.?® Preparation of alkene 6, previously
described by Toone,?! was attempted (Scheme 2), via
cross-metathesis of the C-allyl glycoside 1 with a
dehydroalanine derivative 7,>> but only self-metathesis
of the C-allyl glycoside was observed.

The cross-metathesis products have been hydro-
genated to afford the protected C-glycosyl
asparagines. Sole reduction of the alkene has been
achieved by hydrogenation using Pt on alumina
(entries 2-4). Reduction of the alkene with concomi-
tant Boc-protection®® proceeded cleanly via Pd/C
catalysis (entries 1, 5, and 10). Finally, to provide
carboxylic acids for solid-phase peptide synthesis,
hydrogenation of the alkene along with hydrogenoly-
sis of the benzyl ester using Pd/C afforded the C-gly-
cosyl asparagines (entries 6-9).

In conclusion, this letter presents a short synthesis of
stable o- and B-glycosyl asparagine mimics from inex-
pensive, readily available precursors by way of two
catalytic reactions: a ruthenium-based olefin cross-

the C-allyl glycosides'® and for the vinyl glycine, metathesis followed by palladium or platinum
which appear to inhibit further reaction. hydrogenation.
Mes—N_ _N-Mes
CII”‘Y
Ru=
Cl” by, Ph AcO 0
AcO PCys
0 CO,R AcO
Ao S 20 mol% A0 oo
A0 NHP CH,Cl, = 2
2 equiv. reflux, 12 h 82% NHCbz
2: P=Cbz, R=Me 5 predominantly E
1 3: P=Boc, R=Bn

4: P=Fmoc, R=Bn

Scheme 1. Example olefin cross-metathesis.
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Table 1. Percent yield of cross-metathesis (CM) products and products from hydrogenation reactions

Entry C-Alkenyl glycosides Vinyl glycines CM % yield® (rec’d Hydrogenation products (%yield)
SM %)
Ac Ac!
Q Q
1 A2 82 (7) AR (90)°
Acol_ AcO CO,Me
NHBoc
BnO
BnO Q
2 BN 64 (24) B0 (85)°
Brol BnO CO,Me
NHCbz
3 BnO"\ g 82 B0\ g (90Y°
5o = BROS CO,Me
OBn
OBn NHCbz
OBn
BnO OB
4 n o 74 (14) BnO \" (92)°
Q
BnO F BnO COMe
BnO BnO
NHCbz
OAc
OAc AcO
5 AcO o 62 o) (80)°
Ac!
Ac A
AcO = c0 COzMe
NHBoc
AcO e OAc
6 o] 86 AcO P =Boc (89)°
Ac Qo
7 AcO P 72 AcO —
AcO CO,H
NHP
Ac o
8 A 94 P =Boc (99)¢
¢ AcO
0 Acol__ 77 AcO Q P = Fmoc (90) ¢
AcO
AcO COzH
NHP
Ac 0
Ac
10 PR Q 57 Ac (54)°
Ac AcHN CO,Me
AcHN
NN NHBoc
11 BnO 32 (56 -
enp Q (56)
nO A
OBn
12 11 (79)

>
334
g
le) o

*The reaction was refluxed for 12 h in dichloromethane with 20 mol% Ru-catalyst and 2 equivalents of the vinyl glycine.

’Hydrogenation with Pd/C and Boc-anhydride. “Hydrogenation with Pt on alumina. *Hydrogenation with Pd/C
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AcO o com Grubbs 2nd gen. cat. AASO
A(}-\Oc > - Pl 20 mol% // Ao COMe
> AcO
AcO|_ NHBoc CH,Cl, 1/ 2 NHBoc
1 7 reflux, 12 h 6

Scheme 2. Unsuccessful cross-metathesis leading to trisubstituted olefin.
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Products were successfully characterized by 'H, '3C,
and 2D NMR spectroscopy and by high resolution
electrospray mass spectrometry. Selected data for the
CM products from entries 2, 6, 9, and 10 in Table 1.
Entry 2. '"H NMR: ¢ 5.95 (dt, J=15.6, 7.0 Hz, H-4),
5.59 (dd, J=15.6, 6.1 Hz, H-3), 543 (bd, J=6.2 Hz,
NH), 5.15 (bs, CH, of Cbz), 4.98-4.84 (4xd, SH,
including H-2), 4.70-4.57 (4xd, 4H), 3.80-3.71 (m, 3H),
3.73 (s, OCH,;), 3.66 (t, J=9.4 Hz, 1H), 3.44 (bd, J=
9.4 Hz, 1H), 3.33 (m, 2H), 2.62 (bd, J=14.5, 6.3 Hz,
H-5a), 2.33 (m, H-5b); '3C NMR: 6 87.7 (C-8), 81.8
(C-9), 79.4 (CH), 79.0 (CH), 78.7 (CH), 76.0, 75.5,
75.4, 73.8 (4xCH, of Bn), 69.3 (C-11), 67.5 (CH, of
Cbz), 56.1 (C-2), 53.0 (OCH,), 34.7 (C-5). Anal. calcd
for C,4HsNO,y: C, 73.36; H, 6.45; N, 1.78. Found: C,
73.03; H, 6.68; N, 1.79%.

Entry 6. '"H NMR: 6 5.68 (m, H-3 and H-4), 5.39 (bs,
H-9), 5.30 (bd, J=6.0 Hz, NH), 5.26-5.19 (m, H-7 and
H-8), 5.18 (s, PhCH,), 4.85 (bm, H-2), 425 (m, H-6
and H-10), 4.02 (m, H-1la,b), 2.45 and 2.25 (2xm,
H-5a,b), 1.43 (s, tBu); 3*C NMR: 6 1554 (C=0O of
Boc), 80.4 (CMe,), 71.3 (C-6), 69.0 (C-10), 68.7 (CH),
68.2 (CH), 67.7 (CH), 67.6 (PhCH,), 61.3 (C-11), 55.6
(C-2), 30.0 (C-5), 28.7 (CMes). Anal. caled for
C;H, NO,5: C, 58.57; H, 6.50; N, 2.20. Found: C,
59.18; H, 7.00; N, 1.97.

Entry 9. '"H NMR: 6 5.72 (m, H-3 and H-4), 5.58 (bd,
J=7.7 Hz, NH), 531 (t, J=8.9 Hz, H-8), 522 (s,
PhCH,), 5.09 (dd, J=9.1, 5.5 Hz, H-7), 5.00 (t, /J=8.9
Hz, H-9), 492 (m, H-2), 4.48-4.35 (m, 2H), 4.32-4.17
(m, 3H), 3.96 (dd, J=12.2, 2.8 Hz, H-11a), 3.80 (ddd,
J=8.9, 54, 2.8 Hz, H-10), 2.59 (m, H-5a), 2.36 (m,
H-5b); 3C NMR: ¢ 1559 (C=0 of Fmoc), 144.1,
141.7 (2xC of Fmoc), 125.5 and 120.4 (C-3 and C-4),
72.0 (C-6), 70.5 (CH), 70.4 (CH), 69.4 (CH), 69.1
(CH), 67.9 (CH,), 67.5 (CH,), 62.4 (C-11), 56.0 (C-2),
47.5 (CH of Fmoc), 29.4 (C-5). HRMS (ESI) caled for
MH* C, H,,NO,;: 758.2813. Found: 758.2752.

Entry 10. '"H NMR: 6 5.85 (d, J=8.7 Hz, HNACc), 5.05
(NH of Boc), 5.04 (t, J=8.1 Hz, H-8), 497 (t, J=7.2
Hz, H-9), 4.36 (dd, J=12.1, 6.5 Hz, H-11a), 4.29 (m,
H-2), 426 (dt, J=8.5, 4.6 Hz, H-7), 4.11 (m, H-6 and
H-11b), 3.86 (m, H-10), 3.76 (s, OCH;), 2.13, 2.11,
2.09 (3xs, OAc CH,), 1.46 (s, tBu); 3*C NMR: ¢ 170.1
(CO,Me), 719 (CH), 70.5 (2xCH), 68.3 (C-9), 62.1
(C-11), 534 (C-2), 52.7 (OCHy), 32.8 (CH,), 28.7
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(CMe,), 23.6, 21.5 (C-4). MS (ESI) 561.3 (M+H), 578.7
(M+NH,) m/z.
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