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Abstract—A study investigating the structural features directing olefin cross-metathesis to afford C-glycoamino acids was carried
out. These results lead to an appreciation of the importance of proximal functionality to the relative reactivity of olefins in meta-
thesis reactions providing a variable that is useful to suppress undesirable self-metathesis.
� 2005 Elsevier Ltd. All rights reserved.
Studies to understand the roles of glycoconjugates in
biological regulation continue to define one of the
important frontiers of molecular biology.1 We have pre-
viously reported on our efforts to prepare stable analogs
of N- and O-glycopeptides that may prove useful in biol-
ogical studies to understand the relationship between
oligosaccharide structure and disease and to provide
potentially useful therapeutic agents.2 The key to this
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Figure 1. Olefin cross-metathesis to C-glycoamino acids.
approach lies in an effective olefin cross-metathesis reac-
tion between an unnatural olefinic a-amino acid and an
unsaturated C-glycoside (Fig. 1).

Olefin cross-metathesis has emerged as an extraordi-
narily powerful method for fusing highly functionalized
reaction partners.3 The functional group tolerance of
this method is particularly attractive for the present
application of carbohydrate fusion to amino acids.4

The challenges associated with cross-metathesis are well
documented and are illustrated for the present case in
Figure 1.5 It can be seen that the desired cross-metathe-
sis product (boxed) is but one of three products avail-
able as two self-metathesis products are also possible.
The course of the metathesis reaction is controlled by
several variables, including the reactivity of the various
olefins in a reaction mixture that includes up to two
Figure 2. Substrates used in the metathesis study.
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starting olefins and three product olefins.6 Furthermore,
since the metathesis reaction is well known to be a
reversible reaction, the stability of the products to the
reaction conditions needs to be considered. In an effort
to understand and optimize the cross-metathesis reac-
tion leading to mucin C-glycoamino acids, a study was
undertaken to examine the relative reactivity of these
various components with respect to each other. It was
a goal of these studies to gain insight to what structural
Table 1. Olefin metathesis studya

a NA = not attempted.
features favored the desired course of the reaction in an
effort to minimize the unwanted self-metathesis.

With this in mind, we chose to examine a series of sub-
strates that would explore the variables of olefin substitu-
tion and proximal functionality7 (Fig. 2). Using the
methodology, we have previously disclosed,C-aminogly-
coside substrates A–C were made available.8 In addition
to commercially available dihydroalanine F, allyl and
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vinyl glycines,D and E, were prepared using the methods
reported by Myers9 and Hanessian,10 respectively.

With these substrates in hand, an examination of the
possible cross- and self-metatheses using Grubbs� second
generation catalyst (Fig. 1) was carried out with the re-
sults summarized in Table 1. Our initial focus was on
cross-metathesis reactions, examining combinations of
C-glycosides A–C with two equivalents of unnatural
amino acids D–F to give the results indicated in the
dashed boxes.11 It was found that allyl glycine D was
an effective reaction partner for all three C-glycosides,
giving the various cross-metathesis products 6 and 7 in
good yields. It is noteworthy that reaction times leading
to the benzyl protected products (6a,b and 7a,b) and ace-
tate protected products (6c–e and 7c–e) were 24 and
48 h, respectively, indicating a significant functional
group effect on reactivity. In contrast to the allyl amino
acids, vinyl glycine E was found to be reactive with only
allyl C-glycoside A to afford cross-product 8. Unfortu-
nately, attempts to access the linker length correspond-
ing to natural glycoamino acids, 9, proved
unsuccessful as vinylic C-glycosides B and C were unre-
active with E. In agreement with previous reports, dehy-
droalanine F was found to be unreactive with both allyl
and vinylic C-glycosides.12,13

Our attention was next turned toward reactions of self-
metathesis. As was the case in cross-metathesis, the allyl
substrates were found to be reactive with C-glycosides A
and allylglycines D smoothly self-condensing to afford
products 1 and 4, respectively, in good yields. Perhaps
not surprising, self-metathesis of vinylic substrates B,
Figure 3. �Self�-metathesis of the C-propenyl glycoside.

Figure 4. The allyl glycine/C-allyl glucosamine reaction pathway.
C, and E proved difficult, affording only trace amounts
of the predicted products. It is particularly noteworthy
that self-metathesis of B led not to the expected product
3 but, rather, to its homolog, 2b, in 47% yield. The prod-
uct was confirmed by carrying out the cross-metathesis
of allyl and propenyl C-glycosides A and B, respectively,
to afford good yields of products 2a and b. The self-con-
densation of B vividly illustrates the reluctance of prope-
nyl species to self-condense, preferring in this instance to
undergo precedented double bond isomerization14 to
allow allyl-propenyl metathesis to afford 2b, a cross-
metathesis product (Fig. 3).

Additional insight into the cross-metathesis of A
(R1 = Bn) with D (R3 = Me, R4 = Fmoc) was obtained
by following the course of the reaction by NMR. It
was observed that the allylglycine was consumed within
the first 2.5 h of the reaction with corresponding appear-
ance of the homometathesis product 4b. As the reaction
proceeds, it was apparent that the disappearance of the
allyl C-glycoside coincides with the disappearance of di-
mer 4b, and the formation of the desired cross-product
6c. This reaction follows the path shown in Figure 4
wherein the amino acid dimerizes prior to engaging
the C-glycoside to afford the cross-product. This reac-
tion falls into the selective cross-metathesis of a type I
olefin with a type II olefin, as defined by Grubbs and
co-workers.6 Additional support for this reaction path-
way was obtained when it was confirmed that indepen-
dently prepared olefin 4b participates in metathesis
with C-allyl glycoside A (R1 = Bn) to afford the expected
cross-product 6c.

The data shown (Table 1) lend insight to what structural
features affect the course of these metathesis reactions.
Figure 5 highlights the features deemed relevant in the
present examples—the positioning of adjacent function-
ality (linked by bold bonds) and substitution of the
(shaded) olefin. It was noted that reactions of mono-
and disubstituted olefins B and C with allylic substrates
(A and D) were sufficiently similar to suggest that olefin
substitution is not the principle determinant in these
metathesis reactions. This contrasts significantly with
the poor reactivity of B and C with themselves or with
vinyl glycines E, suggesting that the determining struc-
tural feature guiding these metathesis reactions is not
olefin substitution, but rather the proximity of basic
functionality to the olefin, perhaps contributing to the
deactivation of the catalyst. Consistent with this, the



Figure 6. Proximal functionality favoring cross-metathesis.

Figure 5. Important influences of olefin metathesis reactivity.
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allylic substrates, A and D, readily self-metathesize and
show general reactivity toward cross-metathesis.

The notion that metathesis can be adjusted to favor the
cross-product by distal functionality is rather remark-
ably demonstrated by the reaction of 1.5 equiv of A
(R1 = Ac) with 1.0 equiv of B (R2 = Bn) to afford an
80% yield of the cross-product 2c (Fig. 6). This result
is clearly well beyond what would be expected for a sta-
tistical combination of these substrates and demon-
strates how effective cross-coupling can be attained
with appropriate adjustment of substrate functionality.

The results of this study emphasize the significant role
that attendant functionality plays in guiding the course
of olefin cross metathesis. In the present case, proximal
functionality was found to be an important influence in
guiding olefin metathesis to form the desired C-glyco-
amino acid cross-products. Of particular significance is
the influence of proximal functionality in adjusting the
relative reactivity of olefins to promote the desired pat-
tern of reactivity. Efforts to exploit this observation are
currently underway and will be reported in due course.
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