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C-Glycosylmethyl pyridylalanines reported in this paper constitute a novel family of glycosyl amino
acids that contain a pyridine ring linking the carbohydrate and amino acid residues. These amino acids
may serve to prepare nonnatural glycopeptides displaying firmly bound carbohydrate fragments through
arigid and highly stable tether. A viable route to these new hybrid molecules has been opened via thermally
induced Hantzsch-type cyclocondensation using an aldetketeester-enamino ester system. To one

of these reagents was attache@-glycosyl residue, while to another was bound an amino acid fragment.

In a one-pot optimized methodology, the dihydropyridine was not isolated while its purification was
carried out by removal of unreacted material and side products using polymer-supported scavengers.
Then the dihydropyridine (mixture of diastereoisomers) was oxidized by a polymer-bound oxidant to
give the target pyridine bearing the two bioactive residues. In this way a range of eight compounds
(58—68% yield) was prepared in which the elements of diversity were (i) the gluco and galacto
configurations of the pyranose ring, (i) tle and3-configurations at the anomeric center, and (iii) the
positions of the carbohydrate and amino acid sectors in the pyridine ring. The orthogonal functional
group protection in these amino acids allowed their easy incorporation into oligopeptides via sequential
amino and carboxylic group coupling.

Introduction acids have been reported in view of their use in co-translational

Because of their potential use as probes in glycobiology and modification of natural glycopeptides. Moreover, in order to
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o NH, SCHEME 1. Synthesis Plan via Hantzsch Reaction for
(\A Pyridine-Tethered C-Glycosyl Amino Acid Regioisomers
/ T ) COAM O
HO EWG. -~ EWG
FIGURE 1. Basic structure of designed pyridine-tethe@dlycosyl | NJ/\AIK
amino acids.
1

induce changes in physicochemical and biological properties,
C-glycosyl amino acids with rigid linkers such the acetylene
groug and phenyl ring have been prepared. In this context,
we have recently reportéan the first synthesis oE-glycosyl
amino acids with isoxazole and triazole bridges via alkyne

nitrilg oxide and gzidealkyne cycloaddition (Huisgen-type R'—CHO
reactionsy, respectively. The latter reaction was carried out both

thermally and under Cu(l) catalysis according to the recent EWG. * Ewe
discovery of Sharpless and Meldal and their co-worRefs. L /ﬁ:
similar work was reported almost at the same time by another R27 SO HNT Al
group? We report here the synthesis of a novel family of

heterocycle-linked-glycosyl amino acids in which the flat and R'= O
rigid pyridine ring holds the two chiral bioactive entities (Figure R2 = O

1). The presence of nitrogen heterocycles bearing carbohydrate
residues irC-glycopeptides may be quite beneficial since these
heteroaromatic bridges can participate in hydrogen-bonding and
dipole interactions, which can favor the binding to biomolecular
targets and improve solubility as well as membrane transport
properties® Only one naturaC-glycosyl amino acid, identified

as ano-C-mannopyranosyltryptophdi has been found so far

in biologically important glycoproteins. Therefore, quite inter-
estingly, this compound features the rigid heteroaromatic indole

ring holding the sugar and amino acid moieties. Very recently, O amino acid sector
the g-isomer and analogues of this natural product have been
synthesized by the Nishikawa and Isobe grétip. Q  sugarsector

. . EWG = CO-Alk
Results and Discussion 2

Multicomponent one-pot reactiotihave emerged in recent  Hantzsch synthesi% comprising the aldehydeketoester
years as a useful tool to maximize synthetic efficietfcpn enamino ester system (Scheme 1). To one of these reagents is
aspect of increasing relevance in modern chemistry toward thepound theC-glycosyl residue and to another the amino acid.
ideal synthesid? Hence, we decided to approach the construc- With the carbohydrate linked to the ketoester and the amino
tion of carbohydrate heterocycle-amino acid hybrids depicted  acid as a part of the aldehyde, the dihydropyridine formed from
in Figure 1 by the three-component version of the pyridine the cyclocondensation and the pyridinebtained afterward will
bear the amino acid at C-4 and the carbohydrate at C-2 of the
(3) For a special family ofC-glycosyl amino acids comprised of  ring. The regioisomeidl will be instead obtained using a

iminosugar moieties, see: (a) Fuchss, T.; Schmidt, RSythesi200Q _ o
259-264. (b) Dondoni, A.: Giovannini, P. P.: Perrone. D.Org. Chem. C-glycosyl aldehyde and a ketoester with incorporated the

2005 70, 5508-5518. glycinyl group. We planned to use in both routes the same

o (4)CLr:JwaryégT.;61g/Ie$céal, I\ggGIgelmboldt, A.; Vasella, A.; Bock, K. enamino ester with a methyl group adjacent to the amino group
'%é) Xue”;(l Faakhaf, G.?Zsmou’ DTetrahedror2002 58, 7539-7544. in order to keep as low as possible the steric encumbrance in
(6) Dondoni, A.; Giovannini, P. P.; Massi, Arg. Lett. 2004 6, 2929 this reagent. Evidently, this methodology will lead to a densely

2932. substituted pyridine ring. However, we considered the presence
(7) (@) Huisgen, RAngew. Chem., Int. Ed1963 2, 565-598. (b) of the two ester groups as an advantage because these func-

Huisgen, RAngew. Chem., Int. EA.963 2, 633-645.
(8) (a) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.

Angew. Chem., Int. Ed2002 41, 2596-2599. (b) Tornoe, C. W, (12) Nishikawa, T.; Koide, Y.; Kanakubo, A.; Yoshimura, H.; Isobe,
Christensen, C.; Meldal, Ml. Org. Chem2002 67, 3057-3062. M. Org. Biomol. Chem2006 4, 1268-1277.
(9) Kuijpers, B. H. M.; Groothuys, S.; Keereweer, A. R.; Quaedflieg, P. (13) Multicomponent ReactionZhu, J., BienaymeH., Eds.; Wiley-
J. L. M.; Blaauw, R. H.; van Delft, F. L.; Rutjes, F. P. J. Org. Lett. VCH: Weinheim, Germany, 2005.
2004 6, 3123-3126. (14) For short discussions regarding the impact of multicomponent

(10) (a) Horne, W. S.; Yadav, M. K.; Stout, C. D.; Ghadiri, M. R. processes on synthetic efficiency and reaction design, see: (a) Schramm,
Am. Chem. So2004 126, 15366-15367. (b) Bezouska, KRev. Mol. O. G.; Dediu, N.; Oeser, T.; Mier, T. J. J.J. Org. Chem2006 71, 3494
Biotech.2002 90, 269-290. 3500. (b) Dondoni, A.; Massi, AAcc. Chem. Re006 39, 451-463.

(11) (a) Beer, T.; Vliegenthart, J. F. G.;"ffler, A.; Hofsteenge, J. (15) (a) von Wangelin, A. J.; Neuman, H.; @es, D.; Klaus, S;
Biochemistry1995 34, 11785-11789. (b) Ldfler, A.; Doucey, M.-A.; Stribing, D.; Beller, M.Chem. Eur. J2003 9, 4286-4294. (b) Andraos,
Jansson, A. M.; Mller, D. R.; Beer, T.; Hess, D.; Meldal, M.; Richther, J.Org. Process Res. De2005 9, 149-163. (c) Wender, P. A.; Handy, S.
W. J.; Vliegenthart, J. F. G.; HofsteengeBiochemistry1l 996 35, 12005~ T.; Wright, D. L. Chem. Ind.1997, 765-768.

12014. (c) Doucey, M.-A.; Hess, D.; Blommers, M. J. J.; Hofsteenge, J. (16) For a recent review, see: Lavilla, R.Chem. Soc., Perkin Trans.
Glycobiology1999 9, 435-441. 12002 9, 1141-1156.
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Synthesis of C-Glycosylmethyl Pyridylalanines

tionalities can be varied in library preparations or serve as
reactive points for the introduction of the glycosyl amino acid
in molecular frameworks other than peptides. We were spurred
to adopt the Hantzsch multicomponent reaction in this project
as a logical evolution of our recent research on the synthesis of
dihydropyridineC-glycoconjugates and piridylalanin&$:1"The
information collected in the earlier work constituted a precious
guide in the choice of suitable reagents and conditions to
perform the construction of the pyridine ring bearing both sugar
and amino acid residues.

A. Design and Synthesis of Reagents for the Three-
Component Hantzsch Reaction (3CHR).The first issue to
be addressed in this project was to design reagents with
functional protective groups which are stable under the reaction
conditions and orthogonal in the product. The latter condition
was crucial for the elaboration of the product via selective
reactions at each functional group at will. In particular, the
protection of the NH of the glycinyl group should preserve
the configurational integrity of the.-stereocenter and permit
the introduction of the product into peptides via sequential
carboxylic and amino group coupling reactions. Toward this
goal, theN-Boc and methyl ester protection of the glycinyl
moiety was previously demonstrated to be a quite convenient
combinationt’¢¢Moreover, theert-butyl group in the ketoester
and enamino ester appeared to be a convenient choice as we
because it differentiated the carboxylic groups of the ring from
that of the amino acid and avoided the lactam formation via
intramolecular reaction with the free amino acid grddfp.
Finally, the O-benzyl protective group in the carbohydrate
moiety was demonstrated in several instances to be orthogona
with the N-Boc methylglycinaté®26and proved to be readily
removed in the presence of the pyridine ring by Pd-catalyzed
hydrogenolysig’e

Following the above reasoning, we first examined the
synthesis of aldehyde and ketoester starting reagents bearin
the N-Boc methyl glycinate group. Because of the easy
elimination of this group from the dihydropyridine ring in the
oxidation step to pyridiné’c we decided to prepare reagents
holding the glycinate residue through a methylene spacer. Hence
the N-Boc-O-methyl aspartate semialdehy®evas prepared in
two steps by a reductieroxidation sequence from the readily
available aspartate monoestéf (Scheme 2). However, this
method afforded the aldehyde in low yield because of the
lactonization of the alcohol intermediattHence, the prepara-
tion of 2 was more conveniently carried out in gram quantities,
starting from the aspartate dies8? according to the procedure
of Martin and co-workers! However, it is worth noting that
the optical rotation value d ([a]p = 34.5) obtained by both

(17) (a) Dondoni, A.; Massi, A.; Minghini, ESynlett2002 89—92. (b)
Dondoni, A.; Massi, A.; Minghini, EHelv. Chim. Acta2002 85, 3331
3348. (c) Dondoni, A.; Massi, A.; Minghini, E.; Sabbatini, S.; Bertolasi,
V. J. Org. Chem2003 68, 6172-6183. (d) Dondoni, A.; Massi, AMol.
Divers. 2003 6, 261-270. (e) Dondoni, A.; Massi, A.; Minghini, E.;
Bertolasi, V.Tetrahedron2004 60, 2311-2326.

(18) Ghosh, A. K.; Devasamudram, T.; Hong, L.; DeZutter, C.; Xu, X.;
Weerasena, V.; Koelsch, G.; Bilcer, G.; TadgBioorg. Med. Chem. Lett.
2005 15, 15—-20.

(19) Baldwin, J. E.; Flinn, ATetrahedron Lett1987 28, 3605-3608.

(20) Englund, E. A.; Gopi, H. N.; Appella, D. HOrg. Lett. 2004 6,
213-216.

(21) (a) Padrn, J. M.; Kokotos, G.; Mafh, T.; Markidis, T.; Gibbons,
W. A.; Martin, V. S. Tetrahedron: Asymmetr$998 9, 3381-3394. (b)
Hernandez, J. N.; Rafmez, M. A.; Martn, V. S.J. Org. Chem2003 68,
743-746.
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SCHEME 2. Synthesis ofN-Boc-O-methyl Aspartate
Semialdehyde 2
1. i-BUOC(O)CI
THF, -15°C
NHBoc 2. NaBH, NHBoc
HO,C.__~ THF-H,0, -10°C  OHC. A
N ScoMe —————— ~"Co,Me
3.PCC
1 CH,Cly, 1t 2
37%
o | LiBr
route A 75% MeCN, 65 °C
N(Boc), N(Boc),
BnO,C.__~ DIBAL :
2 V\COQME OHC\/\COZMG
Et,0, -78 °C
3 80% 4
route B
SCHEME 3. Synthesisf-Keto Ester 5
N
H)H(Ot'su O O NHBoc
, BF3OEt, :
2 ~ t+BuO CO,Me
CH,Cl, 0°C s
38%
route A
o]
)L i 60% | t-BuOH, reflux
I o~ cl
OWO
oxo O OH NHBoc
i CO,Me

CH,Cly, 0°C
route B #\O °
6
routes was more than double that previously registered by these
authors (lit?*e [a]p = 16.4)??

With the aldehyde available in gram scale, the synthesis of
he 3-ketoestel5 was first carried by reaction & with tert-

utyl diazoacetate and BEt,O (Scheme 3) according to the
procedure already employed in our laboratbi®£In contrast
to previous results, the yield of isolat&dvas only 38%. Hence,
an alternative synthesis & was performed starting from the
N-Boc aspartic acid monoestét8 by a procedure similar to
that described by Frank and co-work&tJhis method involves
the transformation ofl into the Meldrum’s acid derivativé
and then treatment of this crude material with refluxisBuOH.
The overall yield of5 was 60%, and its optical rotation value
([o]p = 25.4) was identical to that of the product obtained by
the other route fron2.

For reasons given below in section B, aldehydes and
ketoesters with a directly linke@-glycosyl group appeared to
be unsuitable reagents in the planned 3CHR. On the other hand,
C-glycosylmethyl derivatives turned out to be the reagents of
choice. Fortunately enough, tiieglucosyl (Glc) acetaldehydes
a-7a%* andpB-7a224%5as well as the-galactosyl (Gal) derivatives

(22) In a control experiment, the aldehy@ewas reduced to alcohol
(NaBH;, MeOH, 0°C) which spontaneously cyclized (GEl, rt) to give
in quantitative overall yield the knowrg)-tert-butyl 2-oxotetrahydrofuran-
3-ylcarbamate whose optical rotation valegdd = —29.2 was identical to
that reported in the literatured]p = —29.5)1°

(23) Bartolozzi, A.; Li, B.; Franck, R. WBioorg. Med. Chem2003
11, 3021-3027.

(24) (a) Sparks, M. A.; Panek, J. $etrahedron Lett1989 30, 407—
410. (b) Nolen, E. G.; Watts, M. M.; Fowler, D. @rg. Lett. 2002 4,
3963-3965.

(25) Postema, M. H. D.; Piper, J. L.; Liu, L.; Shen, J.; Faust, M.;
Andreana, PJ. Org. Chem2003 68, 4748-4754.
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OBn
0
(BnO)3 \/ﬁ\ (BHO)awCHO
a-7a (Glc) B-7a (Glc)
o-7h (Gal) B-7b (Gal)
OBn
BnO A/O
(Bn )3 (BnO)s /\&/\//[/O
t-BUOgC
BU02C
a-8a (Glc) B-8a (Glc)
o-8b (Gal) B-8b (Gal)

FIGURE 2. C-Glucosyl (Glc) andC-galactosyl (Gal) acetaldehydes
7 and ketoester8.

SCHEME 4. Synthesis of Sugap-Keto Esters a-8a
OBn
BnO BnO o]
BnO H205, NaCIO; Bao
MeCN rt BnO
CO,H
o-7a route B a-9a
0
N, )L
H)kmor-su o)J\u
route A (0] (0]
35% °©
° BF3OEt2 0 0
CH,Cl, 0°C CH,Cl, 0°C
B OBn .
OBn BnO (0]
BnO 0 BnO —
BnO n
t-BuOH
BnO T HO
O MW, 120°C |
66% 0 0
CO,t-Bu o. .0
a-8a - x -
a-10a

o-7b%% and-7b?6 (Figure 2) were readily available by double-
bond oxidative cleavage ofthe correspondirallyl glycosideg#26.27
Then, the four sugar aldehydésvere used for the preparation
of the ketoester8 (Figure 2). As an example, the synthesis of

Dondoni et al.

SCHEME 5. Optimization of Reaction Conditions for the
Synthesis of 4-C-Galactosylmethyl)-2-(alaninyl)pyridine
f-15b

BnC OBn
0
BnO k :
BnO n CHO
p-11b,n=0
pTb,n=1
+-BuO,C . -
k CO,t-Bu

P I

MeQ:C™ ‘NHBoc HoN Me
5 12
t-BuQH, 70 °C
1. t-BuOH
MW, 120 °C
Q-SO:H (a-15)
@-NMe; OH
(Ambersep)
Q" NH,
(AM-resin)
NHBoc 3. @*[(\ Cr,07%
p-13b, n =0 (<5%) H 12

p-14b, n =1 (45%; dr ~ 1:1)

PCC,

S0% | cH,Cly, 1t

BnO OBn

p-15b

overall yield (66%). All of the sugar ketoesters shown in Figure
2 were prepared in good yields by this two-step route.

B. Synthesis of 4-C-Glycosylmethyl)-2-alaninylpyridines
15.In recent disclosures from this laboratory, we reported that
C-glycosyl formaldehydes readily available via thiazole-medi-
ated chemistr3? take part in 3CHR to give the corresponding
C-glycosyl dihydropyridined’2PHence we considered a model
reaction constituted of thé-galactosyl formaldehydg-11b,2°

one of these compounds is illustrated in Scheme 4. In one the f-ketoester5, and tert-butyl aminocrotonatd2 (Scheme

approach, the aldehyae 7awas transformed into the ketoester
o-8a by reaction withtert-butyl diazoacetate as described for
other sugar ketoestet$However, this method afforded-8a

in low vyield (35%), and therefore, another procedure was
followed. This involved the nearly quantitative oxidationoe7a

to the carboxylic acidx-9a and treatment of the latter with
Meldrum’s acid in the presence of isopropenyl chloroformate.
Then the crude produet-10awas cleaved by treatment with
t-BuOH and MW irradiation at 120C. The crude ester-8a
obtained in this way was purified and isolated in fairly good

(26) Wang, Z.; Shao, H.; Lacroix, E.; Wu, S.-H.; Jennings, H. J.; Zou,
W. J. Org. Chem2003 68, 8097-8105.

(27) Patnam, R.; Juez-Ruiz, J. M.; Roy, ROrg. Lett.2006 8, 2691~
2694.

(28) (a) Dondoni, A.; Massi, A.; Sabbatini, $etrahedron Lett2001,
42, 4495-4497. (b) Dondoni, A.; Massi, A.; Sabbatini, S.; Bertolasi,JV.
Org. Chem 2002 67, 6979-6994.
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5). Under the usual standard conditions used in our previous
work of Hantzsch reactiond-BuOH, 70°C, 24 h) and even
under MW irradiation at 120C for 4 h, only traces of the
desired dihydropyridine8-13b were detected by MALDI-TOF
analysis of the crude reaction mixture. Instead, various side
products were isolated including the glycal arising from
debenzylation of the aldehydg-11b and carboxylic acids
derived from the hydrolysis of the ester groupsSoénd 12.
Therefore, we considered the use of Gwgalactosyl acetalde-
hydef-7b with the hope that the presence of a methylene spacer
between the formyl group and the carbohydrate residue would
reduce the steric congestion of the system and the cyclocon-
densation could take place. The change turned out to be quite

(29) (a) Dondoni, A.; Marra, AChem. Re. 2004 104, 2557-2599. (b)
Dondoni, A.Pure Appl. Chem200Q 72, 1577-1588. (c) Dondoni, A.;
Scherrmann, M.-CJ. Org. Chem1994 59, 6404-6412.
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TABLE 1. Glycosylmethylalaninylpyridines Prepared?
aldehyde
g (i) +BuOH, MW, 120 °C
CO2t-Bu Glycosylmethyl-alaninyl-pyridines 156 and 16

k | (i) A-15, Ambersep, AM-resin
B-keto ester

H,N” “Me (iii) PCC on SiO,
12
aldehyde ketoester
and product®® and product®d
ketoester aldehyde

oBn CO,t-B °
BnO (o] 2t-Bu
BngnﬁA B&Y
BnO CHO BnO
o
B-7a B-8a
and and
5 B-15a (61%) 2 B-16a (62%)
p-7b 15b (62%) p-8b 16b (68%)
and P and p
5 (see Scheme 5) 2 (see Scheme 6)
OBn OBn
BnO o]
BnO [e] Bno
BnO COLt-Bu
BnO BnO
CHO o
a-7a a-8a
and NHBoc and NHBoc
5 2
BnO OBn BnO  OBn
(o]
o
BnO BnO CO,tBu
BnO BnO
CHO o
o-7b NHBoc a-8b NHBoc
and and
5 a-15b (58%) 2 «-16b (62%)

a All Hantzsch cyclocondensations were run with 0.50 mmol of each component (see the Experimental $&dtiwa)f microwave irradiation was
1.5 h.¢Isolated yield by chromatographyTime of microwave irradiation was 2.5 h.

beneficial because this new substrate combination upon heatingvith a mixed-resin bed constituted of three polymer-bound
at 70°C in t-BuOH for 24 h afforded the Hantzsch dihydro- reagents, each one acting as specific scavenger of unreacted
pyridine -14b in fair yield (45%) as a mixture of diastereoi- material and side products. Specifically, the supported sulfonic
somers in 1:1 ratio. The lack of asymmetric induction by the acid A-15 removed the residual enamii®, the strong
chiral sugar fragment is very likely due to its distance from the hydroxylic base Ambersep sequestered the keto&sterd the
newly formed stereocenter and the harsh reaction conditionsaminomethylated polystyrene (AM-resin) subtracted the alde-
employed. The mixture of diastereoisomers was oxidized with hydef-7b. This supported amine removed also the Knoevenagel
PCC to give the pyriding-15bas a single product (40% overall adduct formed as initial condensation product between the
yield), thus confirming, as already observed in our earlier aldehyde and the ketoesf@t.After filtration of the resins, the
work,17¢the conservation of the configurational integrity of the diastereomeric dihydropyridines were oxidized to pyridine with
amino acid stereocenter during the Hantzsch cyclocondensationPCC supported on silica gel. Also this operation was quite
In order to achieving higher efficiency and establish the convenient because the noxious chromium salts anchored to the
conditions for an automatable process, the above reactionresin were easily removed by filtration. A final column
sequence was performed in one-pot using polymer-bound chromatography of the crude product afforded pOrgalacto-
reagents. Hence, the cyclocondensation of the aldeByde sylmethyl-pyridylalanine methyl estgr15bin 62% yield. This
ketoestes, and aminocrotonaté2in a 1:1:1 ratio was carried  compound was identical in all respect (NMRy]p) to that

out by MW irradiation at 120C, which reduced the reaction obtained via the two-step procedure illustrated above and
time from 24 to 1.5 h. Then, the reaction mixture was treated involving the isolation of the dihydropyriding-14b. Accord-

J. Org. ChemVol. 72, No. 20, 2007 7681
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SCHEME 6. Synthesis of SCHEME 7. Synthesis of Tripetide 19
2-(C-Galactosylmethyl)-4-(alaninyl)pyridine -16b B-15b
NHBoc
OHC.__-~ o, | LIOH
~"coMe 95% TIHF,0°C

2

.
BnO OBn ~COtBu

K/O COxt-Bu |
BnO .
Hr HN" “Me

o

p-8b
1. -BuOH

MW, 120 °C H-Phe-OEtHCI
Q-SO;H (a-15) 80% | PyBOP, DIPEA
g . CHyCly, rt
Q-NMe; OH
(Ambersep) BnO OBn
Q7 NH;

{AM-resin)

H

68% | =2
COzf-BU

BnO

Cr2072'

BocHN

Me
| 18
© COyt-Bu 1. TFA-CH,Cl,, 0 °C to rt

CO;Me 65% | 2. Boc-Ala-OH

PyBOP, DIPEA
B NHBoc CHCly, rt
BnO OBn
CO,t-Bu

ingly, treatment of crudg-14b with the set of resins employed

in the direct route afforded again authentit15b. This
observation opens the route to an automatable and operatively
simple synthesis with total preservation of stereocenter integrity

BnO

and functional group protection. N COEt
Three more sugar amino acids with the same substitution BocHNJ\WNH
pattern in the pyridine ring as if-15b, i.e. the sugar sector o]
linked to C-4 and the amino acid fragment linked to C-2, were 19
prepared using th€-glycosyl acetaldehydes-7a, a-7a, and
a-7b with carbohydrate configuration correspondingit6ic, contaminated by the residual sugar ketoegt8b because the

a-Glc, anda-Gal respectively (Table 1). The reactions were basic resin Ambersep turned out to be a scarcely efficient
carried out by MW irradiation and processed by the use of scavenger toward this bulky compound. However, filtration of
polymer-bound reagents as described above. The three furthethe crude mixture through a short column of silica (cyclohex-
amino esterg-15a, o-15a o-15b thus prepared were isolated ~ane-AcOEt) afforded the analytically pure amino esfiei6b
in Comparab|e y|e|ds (5561%) and Stereochemica”y pure form in 68% isolated yleld This prOdUCt resulted to be stereochemi-
as judged by NMR analysis. cally pure as judged by NMR analysis. By changing the

C. Synthesis of 2-C-Glycosylmethyl)-4-alaninylpyridines configuration of the carbohydrate moiety in the ketoester, the
16. The approach to this class of compounds started by Stereoisomerg-16a a-16a anda-16b(Table 1) were prepared
examining a three-component model reaction (Scheme 6)in comparable fair yields (5268%).
constituted of the methyC-galactosylacetoacetat®8b, the D. Synthesis of Pyridine-Tethered Glycopeptidedn order
N-Boc-O-methyl aspartate semialdehyd@e and the already  to demonstrate the potential of ti@glycosylmethyl amino
exploited valuable aminocrotonat® In this case, the two- ~ estersl5and16 as orthogonally protected building blocks for
step procedure involving the isolation of the dihydropyridine the co-translational modification of glycopeptides, the product
was not explored. Instead, the same reaction conditions andB-15bwas selected as a prototype in this crucial validating test
workup operations of the one-pot process illustrated in Scheme(Scheme 7). Toward this goal, we first carried out the selective
5 were used. In this way, the sugapyridine—amino acid3-16b hydrolysis of the ester functionality of the glycinyl group. The
was isolated in more than 90% purity. This product was mainly use of very mild conditions (LiOH in THF at €C) afforded

the N-Boc alaninel7 in excellent yield (95%). Then, the

(30) A parallel experiment involving the microwave-assisted 3CHR of condensation of this product with H-Phe-OEt under activation

2,12 andtert-butyl 3-ox0-3-(2,3,4',6-tetraO-benzyl-p-galactopyrano- of the condensation agent (benzotriazol-1-yloxy)tripyrrolidino-

syl)propanoate, i.e. the lower homologougseb, resulted in no isolation ;
of the corresponding dihydropyridines due to the steric congestion of the phosphonium hexafluorophosphate (PyBOP) and the presence

system, as previously observed in the preparation of regioisofa&8b of the Hl'nig pase_ dii_sopropylethylamine (D!PEA), afforded the
(Scheme 5). dipeptidel8in fair yield. TheN-Boc group in this compound
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was removed under slightly acid conditions (diluted TFA), thus
liberating the NH group that was used in the condensation with
Boc-Ala-OH under the same coupling conditions illustrated
above. The tripeptid&9 featuring a pendant galactosylmethyl

residue linked through a rigid pyridine ring to the peptide
backbone was isolated in 65% yield.

Conclusions

After about one and half century after its discovéhthe
Hantzsch pyridine synthesis continues to manifest its prolific
nature and potential as a tool in synthetic organic methodology.

JOC Article

solution was stirred for an additional 10 min and then diluted with
AcOEt (75 mL) and HO (50 mL). The separated organic layer
was washed with 10% citric acid (10 mL), saturated aqueous
NaHCG; (10 mL), and brine (10 mL) and then dried (Nag@nd
concentrated. A mixture of the resulting crude alcohol, activated
4-A powdered molecular sieves (1.00 g), and anhydrousGGH
(40 mL) was stirred at room temperature for 15 min, and then
pyridinium chlorocromate (1.64 g, 7.40 mmol) was added in one
portion. The suspension was stirred for 45 min, and then cyclo-
hexane (40 mL) and ED (80 mL) were added. The mixture was
stirred for an additional 30 min, filtered through a pad of silica
gel, and concentrated. The residue was eluted from a column of
silica gel with 1.5:1 cyclohexareEt,O to afford 221 (347 mg,

In the present work, we have further validated these exceptional37%) as a yellow oil: ¢]p = 34.0 € 2.1, CHC}) [lit.2® [a]p =
prerogatives by assembly in one-pot procedure, without added16.4 € 5, CHCE)].

catalysts and under the simple cooperation of a clean physical

energy, such as MW irradiation, three densely functionalized
substrates, such as a carbohydrate, a pyridine, and an amin
acid. This simple yet efficient chemistry was performed with
the assistance of an orchestrated sequence of polymer support
reagents. In this way, onlgne chromatographic purification

of the final product was required. The configurational integrity

Route B. To a cooled 78 °C), stirred solution benzyl ester
320 (1.23 g, 2.81 mmol) in anhydrous & (30 mL) was added
ropwise DIBAL (3.2 mL, 3.20 mmol of a 1.0 M solution in
exane). The mixture was stirred -a78 °C for 15 min and then
uenched with KD (0.5 mL). The suspension was warmed to room
mperature, stirred for an additional 30 min, dried {3@),
filtered through a pad of Celite, and then concentrated. The residue
was eluted from a column of silica gel with 1.5:1 cyclohexane

of the chiral reagents was preserved throughout the whole AcOEt to afford4212 (745 mg, 80%) as an oil:oflo = —55.4 €

synthetic procedure. In this way a collection of eight news
optically pure C-glycosylmethyl pyridine amino acidsC({

glycosyl pyridylalanines) was prepared. It is noteworthy that
all products have the sugar residue linked to the pyridine ring
through an all carbon tether, thus providing high stability toward

glycosidases. Moreover, the orthogonal protection of the various

functional groups allows the use of these amino acids in
glycopeptide co-translational modification. The way has been
now paved for the preparation of a larger library of these amino

2.3, CHCY) [lit.?*2[a]p = —54.9 € 2, CHCE)]. A mixture of the
aldehyde4?12(700 mg, 2.11 mmol), lithium bromide (550 mg, 6.34
mmol), and CHCN (20 mL) was warmed to 6%C, stirred at that
temperature for 5 h, and then cooled to room temperature and
concentrated. The residue was suspended in AcOEt (50 mL) and
washed with HO (3 x 5 mL). The organic phase was dried (Na
SQy), concentrated, and eluted from a column of silica gel with
1.5:1 cyclohexaneEt,O to afford221 (366 mg, 75%) as a yellow
oil: [a]p = 34.5 € 3.0, CHC}).

(29)-6-tert-Butyl 1-methyl 2-(tert-butoxycarbonylamino)-4-

acids by the change of the carbohydrate and amino acid residuegxohexanedioate (5). Route AA mixture of aldehyde? (462 mg,

in the reagents employed in the Hantzsch cyclocondensation.

This work has been carried out with a view to biological and
pharmaceutical applications. In this context, focus on the

2.00 mmol) tert-butyl diazoacetate (0.33 mL, 2.40 mmol), activated
4-A powdered molecular sieves (300 mg), and anhydrousQGH
(20 mL) was stirred at room temperature for 15 min and then cooled

heterocycle-based ligation strategy of carbohydrate fragmentsto 0°C. To the mixture a solution of BfEt,O (127xL, 1.00 mmol)

to a peptide backbone via Cu(l)-catalyzed azidéyne cy-
cloaddition has been recently brought by Danishefsky and co-
workers in their continuous efforts to develop carbohydrate-
based anticancer vaccinés.

Experimental Section

Aspartated1® and32° and aldehydeg,21° 4,21ag-73,24 3-73,2425
0-8a,%6 and 3-8a%% are known compounds. Spectroscopic data of
intermediate acidg3-9a and -9b were identical to those re-
ported3325PCC immobilized on silica gel was prepared according
to the procedure described by Eynde and co-worKers.

(2S)-Methyl 2-(tert-Butoxycarbonylamino)-4-oxobutanoate (2).
Route A. To a cooled {15 °C), stirred solution of Boe-Asp-
OMe 118 (1.00 g, 4.05 mmol) in anhydrous THF (2 mL) were added
4-methylmorpholine (0.45 mL, 4.05 mmol) and isobutyl chloro-
formate (0.53 mL, 4.05 mmol). The suspension was stirred at
—15 °C for an additional 10 min, and then salts were filtered off
and washed thoroughly with cold THF €15 mL). The combined
filtrates were cooled te-10 °C, and then a solution of NaBH230
mg, 6.08 mmol) in HO (1.5 mL) was added in one portion. The

(31) Hantzsch, AJustus Liebigs Ann. Cherhi882 215 1-82.

(32) Wan, Q.; Chen, J.; Chen, G.; Danishefsky, S. Org. Chem2006
71, 8244-8249.

(33) (a) Sutherlin, D. P.; Stark, T. M.; Hughes, R.; Armstrong, R.JW.
Org. Chem. 1996 61, 8350-8354. (b) Orsini, F.; Di Teodoro, E.
Tetrahedron: Asymmetr003 14, 2521-2528.

(34) Eynde, J. V.; Mayence, A.; Maquestiau, Petrahedron Lett1992
48, 463-468.

in anhydrous CHECI, (1 mL) was added drop by drop, controlling

the N, evolution at a low steady rate. The mixture was stirred at

0 °C for an additional 30 min, diluted with 10% NaHGQ.0 mL),

warmed to room temperature, filtered through a pad of Celite, and

extracted with CHCI, (3 x 30 mL). The organic layer was dried

(N&SQOy) and concentrated. The residue was eluted from a column

of silica gel with 2:1 cyclohexanreEt,O to give5 (262 mg, 38%)

as a~10:1 mixture of ketone and enol isomersy]§ = 25.3 €

0.9, CHCE); *H NMR (DMSO-ds, ketone isomer) = 7.22 (d, 1

H, Jonn = 8.0 Hz, NH), 4.35 (ddd, 1 HJ;3,.= 5.5 Hz,J,3,= 8.5

Hz, H-2), 3.62 (s, 3 H, OC}kJ, 3.53 and 3.46 (2d, 2 Hlsas5,=

14.0 Hz, 2 H-5), 3.00 (dd, 1 Hlz,3,= 16.5 Hz, H-3a), 2.85 (dd,

1 H, H-3b), 1.38 (s, 9 Hi-Bu); MALDI-TOF MS 368.4 (Mf +

Na), 384.2 (M + K). Anal. Calcd for GgH,7/NO; (345.39): C,

55.64; H, 7.88; N, 4.06. Found: C, 55.68; H, 7.80; N, 4.10.
Route B. A mixture of Boct-Asp-OMe1!8 (1.00 g, 4.05 mmol),

Meldrum’s acid (648 mg, 4.50 mmol), DMAP (1.10 g, 8.98 mmol),

and anhydrous C¥€l, (10 mL) was cooled te-5 °C, and then a

solution of isopropenyl chloroformate (0.51 mL, 4.66 mmol) in

anhydrous ChCl; (5 mL) was added dropwise under vigorous

magnetic stirring. The mixture was stirred-a% °C until complete

disappearance of the starting material was detected (TLC analysis,

~1 h). Then a 10% aqueous solution of KHS@ mL) was added

to the solution, the cooling bath was removed, and an additional

portion of 10% aqueous solution of KH@ mL) was added.

The mixture was diluted with CHLI, (80 mL), and then the two

phases were separated. The organic phase was washed with brine

(2 x 5 mL), dried (NaSQy), and concentrated to give the adduct

6, which was used for the following reaction without any purifica-

tion. A mixture of the above crude addugt anhydrous toluene
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(24 mL), and anhydrousBuOH (12 mL) was heated under reflux

Dondoni et al.

= 3.5 Hz,Jy5 ~ 0.5 Hz, H-4), 3.74 (ddd, 1 HJ;» = 9.0 Hz,

for 5 h and then concentrated. The residue was eluted from a columnJy 4a= 3.5 Hz,J; 4p = 8.5 Hz, H-1), 3.68 (dd, 1 HJ, 3 = 9.2 Hz,

of silica gel with 2:1 cyclohexaneEt,O to give5 (838 mg, 60%)
as a~10:1 mixture of ketone and enol isomersy]f = 25.4 €
0.9, CHC}).

General Procedure for the Synthesis of Sugar Acids 9a,b.
To a stirred solution of sugar aldehyde (1.00 mmol) inCN (10
mL) were added 35% aqueous®} (0.2 mL), 1.2 M aqueous KH
PO, (1.0 mL), and 0.17 M aqueous NaGI(¥.0 mL). The mixture
was stirred at room temperature ¥ h and then acidified with 1
N aqueous HCI to pH= 2, diluted with AcOEt (150 mL), and

H-2"), 3.62 (dd, 1 H, H-3, 3.59-3.48 (m, 3 H, H-5 2 H-6), 3.35
and 3.31 (2 d, 2 HJza 2= 15.0 Hz, 2 H-2), 2.85 (dd, 1 Hlsa b
= 15.5 Hz, H-4a), 2.70 (dd, 1 H, H-4b), 1.40 (s, 9 HBu);
MALDI-TOF MS 703.9 (M" + Na). Anal. Calcd for GoH40s
(680.83): C, 74.09; H, 7.11. Found: C, 74.15; H, 7.12.
tert-Butyl 3-Oxo0-4-(2,3,4',6-tetra-O-benzyl3-p-glucopyra-
nosyl)butanoate (3-8a). Column chromatography with 6:1 cyclo-
hexane-AcOEt affordeds-8a (422 mg, 62%) as a-8:1 mixture
of ketone and enol isomersuo]p, = 2.6 (€ 1.2, CHCE); 'H NMR

washed with HO (2 x 10 mL). The aqueous phase was extracted
with AcOEt (2 x 50 mL), and then the combined organic phase
was dried (Na&SOy) and concentrated to give the corresponding
crude acidd in almost quantitative yield and at least 95% pure as

(ketone isomerd = 7.40-7.20 (m, 20 H, Ph), 4.92 and 4.87 (2 d,
2 H,J=10.5 Hz, PhEi,), 4.90 and 4.56 (2 d, 2 H} = 11.2 Hz,
PhCHy), 4.81 and 4.62 (2 d, 2 Hl = 11.0 Hz, PhEly), 4.58 and
4.49 (2d,2 HJ = 12.0 Hz, PhEly), 3.76 (ddd, 1 HJy > = 8.5

judged by*H NMR analysis.

Crude acide-9a 'H NMR ¢ = 7.40-7.00 (m, 20 H, Ph), 4.92
and 4.80 (2 d, 2 H) = 11.0 Hz, PhEl,), 4.82 and 4.50 (2 d, 2 H,
J = 11.2 Hz, Ph@l,), 4.72 and 4.66 (2 d, 2 H) = 11.5 Hz,
PhCH,), 4.67 (ddd, 1 H,a5= 5.5 Hz,Jop3= 9.0 Hz,J34 = 3.0
Hz, H-3), 4.64 and 4.48 (2 d, 2 H,= 12.0 Hz, PhEl,), 3.84—
3.62 (M, 6 H, H-4, H-5, H-6, H-7, 2 H-8), 2.82 (dd, 1 Bbaoo=
15.0 Hz, H-2a), 2.74 (dd, 1H, H-Zb). Anal. Calcd fogsB3507
(582.68): C, 74.21; H, 6.57. Found: C, 74.35; H, 6.44.

Crude acidoe-9b: H NMR 6 = 7.40-7.10 (m, 20 H, Ph), 4.72
and 4.60 (2 d, 2 H) = 12.0 Hz, PhEl,), 4.69 and 4.57 (2 d, 2 H,
J = 11.2 Hz, Ph@l,), 4.60 and 4.50 (2 d, 2 H]) = 11.5 Hz,
PhCH,), 4.57 and 4.49 (2 d, 2 H,= 11.8 Hz, Ph@l,), 4.46 (ddd,

1 H, Jas= 9.0 Hz,Joo = 4.5 Hz,J54 = 3.0 Hz, H-3), 4.16 (ddd,
1 H,Js7 = 3.0 Hz,J78.= 8.0 Hz,J7.6p = 4.0 Hz, H-7), 4.03 (dd,
1 H, Js¢ = 4.5 Hz, H-6), 3.95 (dd, 1 HJgag= 11.0 Hz, H-8a),
3.78-3.70 (m, 2 H, H-4, H-5), 3.68 (dd, 1 H, H-8b), 2.73 (dd, 1
H, J2a2p= 16.0 Hz, H-2a), 2.57 (dd, 1 H, H-2b). Anal. Calcd for

CseH3s07 (582.68): C, 74.21; H, 6.57. Found: C, 74.31; H, 6.48.

General Procedure for the Synthesis of Sugap-Ketoesters
8a,b. Route B.A mixture of crude sugar aci@ (~1.00 mmol),
Meldrum’s acid (159 mg, 1.10 mmol), DMAP (269 mg, 2.20
mmol), and anhydrous Gi&l, (8 mL) was cooled to-5 °C, and
then a solution of isopropenyl chloroformate (131, 1.20 mmol)
in anhydrous CKCl, (4 mL) was added dropwise under vigorous
magnetic stirring. The mixture was stirred a5 °C until the

Hz, Jy,4a= 3.5 Hz,Jy,4b = 8.5 Hz, H-1), 3.68 (dd, 1 HJ» 3 =
9.0 Hz,J3 » = 8.5 Hz, H-3), 3.71-3.62 (m, 3 H, H-4 2 H-6),
3.43 (ddd, 1 Hy\]4',5' =9.0 HZ,JS’,G’a = 3.0 HZ,JS',@b = 3.5 Hz,
H-5'), 3.38 and 3.33 (2 d, 2 Hlza2o= 14.5 Hz, 2 H-2), 3.32 (dd,
1 H, H-2), 2.84 (dd, 1 HJsa4o= 15.5 Hz, H-4a), 2.66 (dd, 1 H,
H-4b), 1.42 (s, 9 H{-Bu); MALDI-TOF MS 703.1 (M" + Na),
720.0 (M + K). Anal. Calcd for G2H4g05 (680.83): C, 74.09; H,
7.11. Found: C, 74.18; H, 7.15.

tert-Butyl 3-Oxo0-4-(2,3,4',6'-tetra-O-benzyl-a-p-galactopy-
ranosyl)butanoate (-8b). Column chromatography with 6:1
cyclohexane-AcOEt affordedo-8b (462 mg, 68%) as a-7:1
mixture of ketone and enol isomersa]p = 23.8 € 2.2, CHC});
IH NMR (ketone isomer) = 7.40-7.20 (m, 20 H, Ph), 4.72 and
457 (2d,2HJ=11.8 Hz, Ph¢l,), 4.68 and 4.54 (2d, 2 H =
10.5 Hz, PhEly), 4.58 (ddd, 1 HJy » = 3.0 Hz,Jy 4= 7.5 Hz,
Jrap= 6.0 Hz, H-1), 4.55 and 4.47 (2d, 2 H,= 11.5 Hz, PhEl,),
4.10-3.98 (m, 2 H, H-4 H-5), 3.90-3.82 (m, 2 H, H-2, H-6'a),
3.71(dd, 1 HJ» 3 = 9.0 Hz,J3 4 = 3.5 Hz, H-3), 3.68 (dd, 1 H,
Js 6b = 5.5 Hz,Jgagp = 11.0 Hz, H-6b), 3.42 and 3.32 (2 d, 2 H,
Joa2p= 15.0 Hz, 2 H-2), 2.86 (dd, 1 Hlsa4,= 16.0 Hz, H-4a),
2.78 (dd, 1 H, H-4b), 1.42 (s, 9 HBu); MALDI-TOF MS: 703.5
(M* + Na), 719.8 (M + K). Anal. Calcd for GoH4g0g (680.83):
C, 74.09; H, 7.11. Found: C, 74.00; H, 7.01.

tert-Butyl 3-Oxo0-4-(2,3,4',6'-tetra-O-benzyl-a-b-glucopyra-
nosyl)butanoate (-8a). Column chromatography with 7:1 cyclo-
hexane-AcOEt affordeda-8a (449 mg, 66%) as a-6:1 mixture

complete disappearance of the starting material was detected (TLCof ketone and enol isomerso]p, = 27.7 € 2.9, CHCE); IH NMR

analysis,~1 h). A 10% aqueous solution of KHR@2 mL) was

(ketone isomer) = 7.40-7.05 (m, 20 H, Ph), 4.92 and 4.80 (2 d,

then added to the solution, the cooling bath was removed, and an2 H, J = 11.5 Hz, PhEl,), 4.82 and 4.50 (2 d, 2 H = 11.0 Hz,

additional portion of 10% aqueous solution of KHS@ mL) was
added. The mixture was diluted with GEl, (80 mL), and then

PhCHy), 4.74 (ddd, 1 HJ)y» = 4.5 Hz,Jy,4a= 5.5 Hz,Jy,4b =
8.0 Hz, H-1), 4.64 and 4.60 (2 d, 2 HL = 11.2 Hz, PhEl,), 4.62

the two phases were separated. The organic phase was washed withnd 4.48 (2 d, 2 HJ) = 11.8 Hz, Ph€l,), 3.78 (dd, 1 HJ» 3 =

brine (2 x 5 mL), dried (NaSQy), and concentrated to give the
corresponding addudn, which was used for the following reaction
without any purification.

A 2.0-5.0 mL process vial was filled with the above crude
Meldrum adducfiO and anhydrousBuOH (2.5 mL). The vial was

9.0 Hz, H-2), 3.78-3.60 (m, 5 H, H-3 H-4, H-5, 2 H-6), 3.42
and 3.32 (2 d, 2 H)za2p= 15.0 Hz, 2 H-2), 3.03 (dd, 1 Hlsa4p

= 15.8 Hz, H-4a), 2.85 (dd, 1 H, H-4b), 1.42 (s, 9 HBu);
MALDI-TOF MS 703.5 (M" + Na), 719.8 (M + K). Anal. Calcd
for C4H40g (680.83): C, 74.09; H, 7.11. Found: C, 74.05; H,
7.06.

sealed with the Teflon septum and aluminum crimp by using an

appropriate crimping tool. The vial was then placed in its correct ~ Route A. A mixture of aldehydex-7a(1.13 g, 2.00 mmol)tert-

position in the Biotage Initiator cavity where irradiation for 15 min  butyl diazoacetate (0.33 mL, 2.40 mmol), activated 4-A powdered

at 120°C was performed. After the full irradiation sequence was molecular sieves (300 mg), and anhydrous,CH (20 mL) was

completed, the vial was cooled to room temperature and then stirred at room temperature for 15 min and then cooled%6.0To

opened. The mixture was diluted with AcOEt (10 mL) and then the mixture was added a solution of BE,0 (127uxL, 1.00 mmol)

concentrated. The residue was eluted from a column of silica gel in anhydrous CKCI, (1 mL) drop by drop, controlling the N

with the suitable elution system to give the corresponding sugar evolution at a low steady rate. The mixture was stirred &€ Gor

pB-keto esterB. an additional 30 min, diluted with 10% NaHGQLO mL), warmed
tert-Butyl 3-Oxo0-4-(2,3,4',6'-tetra-O-benzyl-p-galactopy- to room temperature, filtered through a pad of Celite, and extracted

ranosyl)butanoate (3-8b). Column chromatography with 7:1  with CH,Cl, (3 x 50 mL). The organic layer was dried (p&Ox)

cyclohexane AcOEt affordedf3-8b (476 mg, 70%) as a-10:1 and concentrated. The residue was eluted from a column of silica

mixture of ketone and enol isomersa]p = —8.2 (€ 1.0, CHC}); gel with 7:1 cyclohexaneAcOEt to afforda-8a (476 mg, 35%)

IH NMR (ketone isomer) = 7.40-7.20 (m, 20 H, Ph), 4.94 and  as a~6:1 mixture of ketone and enol isomersi]{ = 27.9 € 2.0,

461 (2d,2HJ=11.5Hz, Ph@®l,), 4.92and 4.61 (2d, 2 H = CHCly).

11.8 Hz, PhCl,), 4.74 and 4.65 (2 d, 2 Hl = 12.0 Hz, PhEl,), (4R,2"S)- and (45,2"'9)-4-(2,3,4',6-Tetra-O-benzyl5-b-ga-

4.44 and 4.39 (2d, 2 Hl = 11.2 Hz, PhEl,), 4.01 (dd, 1 HJz 4 lactopyranosylmethyl)-2-(2"-tert-butoxycarbonylamino-2"'-meth-
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oxycarbonylethyl)-6-methyl-1,4-dihydropyridine-3,5-dicarbox-
ylic Acid Di-tert-butyl Esters (5-14b). A screw-capped vial,
containing a magnetic bar, was charged with aldeh§dd (283
mg, 0.50 mmol)-ketoester5 (173 mg, 0.50 mmol), aminocro-
tonate12 (79 mg, 0.50 mmol), powdede4 A molecular sieves
(200 mg), and-BuOH (3 mL). The mixture was then vigorously

JOC Article

(2"9)-4-(2,3,4,6-Tetra-O-benzyl{-b-glucopyranosylmethyl)-
2-(2"-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-6-
methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (5-
15a). Column chromatography with 3:1 cyclohexarn®cOEt
affordedf-15a (314 mg, 61%) as a white foama]p, = 36.7 €
0.9, CHCE); 'H NMR ¢ = 7.40-7.10 (m, 20 H, Ph), 5.88 (bd, 1

stirred, degassed under vacuum, and saturated with argon (by arH, J= 8.5 Hz, NH), 4.92 and 4.88 (2d, 2 = 11.0 Hz, PhEl,),

Ar-filled balloon) three times. The mixture was stirred at @@

for 24 h and then cooled to room temperature, diluted with AcCOEt
(10 mL), filtered through a pad of Celite, and concentrated. The
residue was eluted from a column of silica gel with 4:1 cyclohex-
ane-AcOEt to give-14b (232 mg, 45%) as-al:1 mixture of
C-4 epimers:*H NMR (selected datay = 7.40-7.20 (m, 20 H,
Ph), 6.04 (bs, 0.5 H, NH), 5.89 (d, 0.5 Bi= 8.0 Hz, NH), 4.04-
4.00 (m, 1 H, H-4), 4.40-4.20 (m, 1 H, H-2'), 3.74 and 3.72 (2

s, 3H, OCH), 2.20 and 2.14 (2 s, 3 H, G} 1.48-1.38 (6 s, 27

H, 3 t-Bu); MALDI-TOF MS 1056.5 (M + Na), 1072.6 (M +

K). Anal. Calcd for GoH7eN2013 (1033.25): C, 69.75; H, 7.41; N,
2.71. Found: C, 69.88; H, 7.62; N, 2.65.

General Procedure for the Synthesis of 4¢-Glycosylmethyl)-
2-alaninylpyridines 15. A 2.0—5.0 mL process vial was filled with
sugar aldehyd& (283 mg, 0.50 mmol)j-ketoester5 (173 mg,
0.50 mmol), aminocrotonat&2 (79 mg, 0.50 mmol), powdered 4
A molecular sieves (100 mg), andBuOH (2.5 mL). The vial was
sealed with the Teflon septum and aluminum crimp by using an
appropriate crimping tool. The mixture was then vigorously stirred,

4.91 and 4.68 (2d, 2 Hl = 12.0 Hz, PhEl,), 4.82 and 4.64 (2 d,
2 H,J = 10.5 Hz, Ph@&i,), 4.68-4.64 (m, 1 H, H-2'), 4.52 and
4.36 (2 d, 2 HJ = 11.5 Hz, Phe®ly), 3.72-3.62 (m, 3 H, H-3
H-4', H-6'a), 3.68 (s, 3 H, OCH}, 3.62 (dd, 1 HJs ¢p = 3.5 Hz,
JG’a,Gb = 10.5 Hz, H-6b), 3.44 (ddd, 1 HJl"z' =9.0 HZ,Jlfyl”a:
2.5 Hz,Jy 1, = 11.0 Hz, H-1), 3.30-3.18 (m, 4 H, H-2 H-5, 2
H-1""), 3.17 (dd, 1 HJyarp = 14.5 Hz, H-T'a), 2.88 (dd, 1 H,
H-1"b), 2.42 (s, 3 H, Ch), 1.52 and 1.44 (2 s, 27 H,t3Bu); 1°C
NMR 6 = 172.7, 167.1, 166.6, 155.6, 154.2, 152.9, 142.4 (2 C),
138.6-137.9 (5 C), 129.#127.2 (20 C), 87.4, 83.2, 82.8, 82.5,
79.5,79.4,78.8,78.4,75.7,75.1, 74.9, 73.0, 69.3, 52.1, 36.6, 32.8,
29.7 (3C), 28.3 (6 C), 22.3; MALDI-TOF MS 1032.8 (Vi H),
1054.6 (M" + Na). Anal. Calcd for GoH74N,0q3 (1031.24): C,
69.88; H, 7.23; N, 2.72. Found: C, 69.75; H, 7.20; N, 2.75.
(2"9)-4-(2,3,4 ,6-Tetra-O-benzyl-o-bD-galactopyranosylmethyl)-
2-(2"-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-6-
methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (o-
15b). Column chromatography with 5:1 cyclohexan®cOEt
affordeda-15b (299 mg, 58%) as a white foam:a]p = 6.8 (c

degassed under vacuum, and saturated with argon (by an Ar-filled 0.8, CHC}); 'H NMR ¢ = 7.40-6.90 (m, 20 H, Ph), 5.75 (bd, 1
balloon) three times The vial was then placed in its correct position H, J= 8.5 Hz, NH), 4.70 and 4.52 (2 d, 2 B= 12.0 Hz, PhE,),

in the Biotage Initiator cavity where irradiation for 1.5 h at 12D

was performed. After the full irradiation sequence was completed,

4.63 (ddd, 1 HJywazr = 6.0 Hz, Jppzr = 4.5 Hz, H-2"), 4.56
and 4.52 (2 d, 2 H) = 11.2 Hz, Ph@®l,), 4.54 and 4.41 (2 d, 2 H,

the vial was cooled to room temperature and then opened. TheJ = 11.5 Hz, Ph€l,), 4.51 and 4.40 (2 d, 2 H) = 11.8 Hz,

mixture was diluted with AcOEt (10 mL), filtered through a pad
of Celite, and concentrated. The residue was dissolved isCGH

(8 mL), and then Amberlyst 15 (400 mg), Ambersep 900 OH (400
mg), and aminomethylated polystyrene (185 mg, 0.50 mmol

PhCH,), 4.23-4.14 (m, 2 H, H-1, H-6'a), 3.96-3.80 (m, 4 H, H-2
H-3, H-4, H-6'b), 3.59 (s, 3 H, OCH), 3.50 (dd, 1 HJy s =
10.5 Hz,Jyarn = 14.0 Hz, H-Ta), 3.45-3.41 (m, 1 H, H-5),
3.29 (dd, 1 HJya b = 16.0 Hz, H-1"a), 3.16 (dd, 1 H, H-Tb),

of a 2.7 mmol g? resin) were added. The suspension was shaken 2.57 (dd, 1 H,Jy v = 1.0 Hz, H-1'b), 2.36 (s, 3 H, Ch), 1.44

for 2 h, and then the polymers were filtered off and washed
thoroughly with CHCI,. The combined filtrates were concentrated
to give the corresponding crude dihydropyridine derivative. A
mixture of the above residue, pyridinium chlorochromate im-
mobilized on silica géf* (1.87 g,~1.50 mmol of a~0.8 mmol
g! resin) and anhydrous GBI, (8 mL) was stirred at room
temperature for 12 h. Then the immobilized reagent was filtered
off and washed thoroughly with Gi&l,. The combined filtrates

and 1.38 (2 s, 27 H, 8Bu); *C NMR 6 = 172.7, 167.3, 166.9,
155.6, 154.1, 152.6, 143.5 (2 C), 139.037.9 (5 C), 129.8127.0
(20 C), 83.1, 82.7, 79.6, 77.9, 75.7, 74.2, 73.7, 73.4, 72.8, 72.4,
71.8, 68.4, 65.7, 52.1, 36.6, 30.9, 28.3 (3 C), 27.9 (6 C), 22.9;
MALDI-TOF MS 1032.8 (M* + H). Anal. Calcd for GoH74N20;3
(1031.24): C, 69.88; H, 7.23; N, 2.72. Found: C, 69.77; H, 7.29;
N, 2.69.

(2""9)-4-(2,3 4,6 -tetra-O-Benzyl-a-p-glucopyranosylmethyl)-

were concentrated, and the resulting residue was eluted from a2-(2"'-tert-butoxycarbonylamino-2''-methoxycarbonylethyl)-6-

column of silica gel with the suitable elution system to give the
corresponding pyridinéd5.

(2"9)-4-(2,3,4 ,6-Tetra-O-benzyl-p-galactopyranosyl-meth-
yl)-2-(2""'-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-
6-methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (3-
15b). Column chromatography with 4:1 cyclohexarecOEt
afforded5-15b (320 mg, 62%) as a white foamao], = 26.7 €
0.9, CHC}); *H NMR 6 = 7.40-7.10 (m, 20 H, Ph), 5.88 (bd, 1
H,J=8.0 Hz, NH), 4.97 and 4.70 (2d, 2 H= 11.0 Hz, PhEl,),
4.93 and 4.50 (2d, 2 H = 11.2 Hz, Ph®i,), 4.79 and 4.69 (2 d,
2 H,J =115 Hz, Ph@l,), 4.72-4.64 (m, 1 H, H-2'), 4.41 and
4.33(2d, 2 HJ=11.8 Hz, PhEl,), 4.02 (dd, 1 HJz 4 = 3.5 Hz,
Jrs ~ 0.5 Hz, H-4), 3.69 (s, 3 H, OCH), 3.68-3.60 (m, 2 H,
H-2', H-6'a), 3.56 (dd, 1 HJ)» 3 = 9.0 Hz, H-3), 3.48-3.34 (m,
3 H, H-1, H-5, H-6b), 3.28 (d, 2 HJy» »» = 7.5 Hz, 2 H-1"),
3.20 (dd, 1 H,Jy1a = 3.0 Hz, J1va 1 = 14.0 Hz, H-T'a), 2.95
(dd, 1 H,Jy 1 = 10.5 Hz, H-I'b), 2.42 (s, 3 H, Ch), 1.45 and
1.42 (2's, 27 H, 3-Bu); 13C NMR 6 = 173.0, 167.5, 167.1, 155.8,
154.3, 152.9, 142.9 (2 C), 139:230.2 (5 C), 128.9127.6 (20

methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (a-
15a). Column chromatography with 5:1 cyclohexamn®cOEt
affordedo-15a (284 mg, 55%) as a white foamo]p = 30.5 €
0.7, CHCE); 'H NMR (DMSO-dg, 120°C) ¢ = 7.40-7.05 (m, 20
H, Ph), 6.42 (bs, 1 H, NH), 4.70 and 4.65 (2 d, 2H+ 10.5 Hz,
PhCHy), 4.68 and 4.55 (2 d, 2 Hl = 11.2 Hz, PhEl,), 4.66 and
453 (2d, 2 HJ = 11.8 Hz, Ph®l,), 4.56 (dd, 1 HJy»a2 = 6.0
Hz, Jympz» = 7.0 Hz, H-2"), 4.32-4.26 (m, 1 H, H-1), 4.26 (s, 2
H, PhH,), 3.92 (dd, 1 HJ = 4.5 Hz,J = 5.5 Hz, H-3), 3.81
(ddd, 1 H,J=3.5Hz,J = 4.0 Hz,J = 8.0 Hz, H-8), 3.67-3.52
(m, 4 H, H-2, H-4, 2 H-6), 3.58 (s, 3 H, OCH), 3.36 (dd, 1 H,
Jr1a= 9.5 Hz,Jprarp = 14.0 Hz, H-1'a), 3.22 (dd, 1 HJya b

= 15.5 Hz, H-1"a), 3.07 (dd, 1 H, H-1b), 2.86 (dd, 1 HJy 1

= 4.0 Hz, H-1'b), 2.20 (s, 3H, Ch), 1.53, 1.51, and 1.37 (3 s, 27
H, 3t-Bu); 13C NMR 6 = 172.7, 167.5, 167.1, 155.6, 154.5, 153.0,
143.6 (2 C), 138.6137.9 (5 C), 129.4127.4 (20 C), 83.6, 83.1,
81.4,79.6,79.5,74.2,74.0,73.3,72.9,72.8,72.7, 68.8, 52.2, 36.7,
30.0, 28.3 (3 C), 28.0 (6 C), 23.1; MALDI-TOF MS 1054.9 {M
=+ Na). Anal. Calcd for GoH7z4N2013(1031.24): C, 69.88; H, 7.23;

C), 85.0, 83.5, 83.1, 79.8, 79.2, 79.0, 77.4, 75.5, 75.1, 74.2, 73.6,N, 2.72. Found: C, 69.90; H, 7.30; N, 2.78.

72.1, 68.6, 52.3, 36.8, 33.1, 28.6, (3 C), 28.2 (6 C), 23.1; MALDI-
TOF MS 1032.5 (M + H), 1054.2 (M + Na). Anal. Calcd for
CooH7aN,013 (1031.24): C, 69.88; H, 7.23; N, 2.72. Found: C,
69.88; H, 7.28; N, 2.66.

General Procedure for the Synthesis of 2@-Glycosylmethyl)-
4-alaninylpyridines 16.A 2.0—5.0 mL process vial was filled with
aldehyde2 (116 mg, 0.50 mmol), suggi-ketoester8 (340 mg,
0.50 mmol), aminocrotonat&2 (79 mg, 0.50 mmol), powdered 4
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A molecular sieves (100 mg), andBuOH (2.5 mL). The vial was 16b). Column chromatography with 6:1 cyclohexan&cOEt
sealed with the Teflon septum and aluminum crimp by using an affordeda-16b (320 mg, 62%) as a white foamo]p, = —3.6 (€
appropriate crimping tool. The mixture was then vigorously stirred, 1.2, CHC}); *H NMR (DMSO-ds, 140°C): 6 = 7.40-7.10 (m,
degassed under vacuum, and saturated with argon (by an Ar-filled20 H, Ph), 6.18 (bs, 1 H, NH), 4.70 and 4.65 (2 d, 2JH+ 11.5
balloon) three times The vial was then placed in its correct position Hz, PhQH,), 4.69-4.62 (m, 1 H, H-2'), 4.68 and 4.55 (2 d, 2 H,
in the Biotage Initiator cavity where irradiation for 2.5 h at 12D J = 12.0 Hz, Ph@®,), 4.62 and 4.56 (2 d, 2 H) = 11.0 Hz,
was performed. After the full irradiation sequence was completed, PhCH,), 4.42-4.34 (m, 1 H, H-1), 4.38 and 4.31 (2d, 2 Hl =
and the vial was cooled to room temperature and then opened. Thell.5 Hz, Ph€l,), 4.11 (ddd, 1 HJy s = 1.5 Hz,J5 62 = 4.5 Hz,
mixture was diluted with AcOEt (10 mL), filtered through a pad Js e = 9.0 Hz, H-8), 4.05 (dd, 1 HJz 4 = 2.0 Hz, H-4), 3.94
of Celite, and concentrated. The residue was dissolved isCGH (dd, 1 H,J> 3 = 6.0 Hz, H-3), 3.88 (dd, 1 HJy » = 3.5 Hz, H-2),

(8 mL), and then Amberlyst 15 (400 mg), Ambersep 900 OH (400 3.76-3.68 (m, 2 H, 2 H-6, 3.60 (s, 3 H, OCH), 3.24 (dd, 1 H,
mg), and aminomethylated polystyrene (185 mg, 0.50 mmol of a Jy 114 = 6.0 Hz,Jy7a 1, = 14.0 Hz, H-T'a), 3.12 (dd, 1 HJyma ¢
2.7 mmol g*resin) were added. The suspension was shaken for 2 = 8.0 Hz,Jya 1 = 15.0 Hz, H-1"a), 3.06 (dd, 1 HJ;», »» = 6.0

h, and then the polymers were filtered off and washed thoroughly Hz, H-1"'b), 2.42 (s, 3 H, Ch), 1.61, 1.55, and 1.30 (3 s, 27 H, 3
with CH,Cl,. The combined filtrates were concentrated to give the t-Bu); 13C NMR (selected data)d = 172.8, 167.5, 167.2, 155.5,
corresponding crude dihydropyridine derivative. A mixture of the 155.3, 154.6, 139.0, 138.2, 138.1, 129127.4 (20 C), 84.2, 84.0,
above residue, pyridinium chlorochromate immobilized on silica 79.6, 75.6, 74.0, 73.1, 72.9, 72.5, 66.8, 53.6, 52.3, 34.0, 31.6, 28.2

Dondoni et al.

geP4(1.87 g,~1.50 mmol of a~0.8 mmol g resin) and anhydrous
CH,Cl;, (8 mL), was stirred at room temperature for 12 h. Then

(3C), 28.0 (6 C), 23.0; MALDI-TOF MS 1032.7 (M+ H). Anal.
Calcd for GoH72N2013 (103124) C, 69.88; H, 7.23; N, 2.72.

the immobilized reagent was filtered off and washed thoroughly Found: C, 69.93; H, 7.15; N, 2.70.

with CH,Cl,. The combined filtrates were concentrated, and the
resulting residue was eluted from a column of silica gel with the
suitable elution system to give the corresponding pyridifie
(2"'9)-2-(2,3,4,6-tetra-O-Benzyl-5-p-galactopyranosyl-meth-
yl)-4-(2""'-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-
6-methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (3-
16b). Column chromatography with 4:1 cyclohexamcOEt
affordedg-16b (351 mg, 68%) as a white foamo]p = —17.8 €
0.7, CHC}); *H NMR (DMSO-ds, 140°C) 6 = 7.40-7.10 (m, 20
H, Ph), 6.08 (bs, 1 H, NH), 4.88 and 4.55 (2 d, 2H+ 11.5 Hz,
PhH,), 4.86 and 4.69 (2 d, 2 Hl = 11.8 Hz, PhEi,), 4.81 and
4.69 (2d, 2HJ=12.0 Hz, Ph®l,), 4.42-4.36 (m, 1 H, H-2"),
4.38 and 4.32 (2d, 2 H = 11.8 Hz, PhEl,), 4.05 (dd, 1 HJz 4
=25Hz,Jy5 ~ 0.5 Hz, H-4), 3.92-3.84 (m, 1 H, H-1), 3.78—
3.72 (m, 2 H), 3.623.52 (m, 2 H), 3.60 (s 3 H, OCH| 3.46—
3.40 (m, 1 H), 3.24 (dd, 1 HJy 11a = 3.5 Hz,Jyva1p = 14.0 Hz,
H-1"a), 3.17 (dd, 1 HJy#a 2w = 6.5 Hz,Jy5 1 = 14.5 Hz, H-1"a),
2.95 (dd, 1 HJy 1, = 9.0 Hz, H-1'b), 2.89 (dd, 1 HJyp 2w = 9.5
Hz, H-1"b), 2.42 (s, 3 H, Ch), 1.61, 1.52, and 1.30 (3 s, 27 H, 3
t-Bu); °C NMR ¢ = 172.8, 167.7, 167.3, 157-854.7 (5 C),
139.1-135.0 (5 C), 129.4127.3 (20 C), 84.8, 83.9, 79.5, 79.3,

(2"9)-4-(2,3,4,6-Tetra-O-benzyl-a-p-glucopyranosylmethyl)-
2-(2"-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-6-
methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (a-
16a). Column chromatography with 4:1 cyclohexan®cOEt
affordedo-16a (299 mg, 58%) as a white foamuo]p = 16.8 €
0.8, CHCE); 'H NMR (DMSO-dg, 120°C) ¢ = 7.40-7.10 (m, 20
H, Ph), 6.24 (bs, 1 H, NH), 4.81 and 4.73 (2 d, 2H7 11.0 Hz,
PhCH,), 4.80-4.70 (m, 1 H, H-1), 4.72 and 4.57 (2d, 2 Hl =
11.5 Hz, Ph@l,), 4.68 and 4.64 (2 d, 2 H = 10.8 Hz, PhEiy),
4.42 and 4.35 (2d, 2 H,= 11.8 Hz, Ph®l,), 4.40-4.30 (m, 1 H,
H-2"""), 3.92-3.82 (m, 2 H), 3.76 (dd, 1 H)=45Hz,J=7.5
Hz), 3.64-3.50 (m, 3 H), 3.60 (s, 3 H, OGH 3.23 (dd, 1 HJyg 2+
= 6.5 Hz,J114 1, = 14.0 Hz, H-1"a), 3.18 (dd, 1 HJy,17a = 6.5
Hz, Jiarp = 14.5 Hz, H-T'a), 3.12 (dd, 1 HJy 1 = 5.0 Hz,
H-1"b), 2.87 (dd, 1 HJywpz = 8.0 Hz, H-1"b), 2.44 (s, 3 H,
CHy), 1.62, 1.56, and 1.31 (3 s, 27 Ht-Bu); 3C NMR 6 = 172.7,
167.5, 167.2, 155:5154.9 (5 C), 139.86138.2 (5 C), 128.8127.5
(20 C), 84.5, 84.1, 82.4, 79.7, 78.0, 75.2, 74.7, 73.7, 73.3, 72.8,
71.8, 68.5, 53.7, 52.3, 32.0, 31.7, 28.2 (3 C), 28.0 (6 C), 23.1;
MALDI-TOF MS 1054.3 (M" + Na). Anal. Calcd for GoH7zsN2013
(1031.24): C, 69.88; H, 7.23; N, 2.72. Found: C, 69.81; H, 7.18;

78.9,78.4,75.1,74.5,74.0,73.3, 72.0, 68.6, 53.7, 52.2, 38.9, 31.9,N, 2.86.

28.0 (3C), 27.9 (6 C), 23.1; MALDI-TOF MS 1070.9 (Mt K).
Anal. Calcd for GgH74N2013(1031.24): C, 69.88; H, 7.23; N, 2.72.
Found: C, 69.82; H, 7.23; N, 2.71.
(2""9)-2-(2,3,4,6-Tetra-O-benzyl{3-p-glucopyranosylmethyl)-
4-(2"-tert-butoxycarbonylamino-2"'-methoxycarbonylethyl)-6-
methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (-
16a). Column chromatography with 4:1 cyclohexarecOEt
afforded-16a (320 mg, 62%) as a white foamo]p = —23 (€
0.5, CHCE); *H NMR (DMSO-ds, 120°C): 6 = 7.40-7.10 (m,
20 H, Ph), 6.25 (bs, 1 H, NH), 4.84 and 4.72 (2 d, 23+ 12.0
Hz, PhQH,), 4.83 (s, 2 H, Ph#,), 4.73 and 4.60 (2 d, 2 H] =
11.2 Hz, Ph@l,), 4.41-4.30 (m, 1 H, H-2'), 4.40 and 4.33 (2 d,
2 H,J=11.8 Hz, Ph(E'z), 3.97 (ddd, 1 HJl’,l”a =35 HZ,Jlf,lwb
=8.5Hz,Jy > = 9.0 Hz, H-1), 3.74 (dd, 1 H) = 8.8 Hz,J = 9.0
Hz), 3.64-3.51 (m, 2 H, 2 H-§, 3.59 (s, 3 H, OCH), 3.51 (dd, 1
H,J = 8.0 Hz,J = 8.5 Hz), 3.44 (dd, 1 HJ) = 8.8 Hz,J = 9.0
Hz), 3.39 (m, 1 H, H-5, 3.27 (dd, 1 HJya 1, = 14.5 Hz, H-T'a),
3.19 (dd, 1 HJywazr = 8.0 Hz,Jyma 1 = 14.0 Hz, H-1"a), 3.26
(dd, 1 H, H-1'b), 2.88 (dd, 1 H, H-T'b), 2.40 (s, 3 H, Ch), 1.59,
1.56, and 1.28 (3 s, 27 H, 13Bu); °C NMR (selected data) =

(2"9-4-(2,3 4 ,6-Tetra-O-benzyl5-p-galactopyranosylmethyl)-
2-(2"-tert-butoxycarbonylamino-2"'-carboxyethyl)-6-methylpy-
ridine-3,5-dicarboxylic Acid Di- tert-butyl Esters (17).To a cooled
(0 °C) stirred solution of methyl estgr-15b (103 mg, 0.10 mmol)
in THF (2 mL) was added dropwise a pre-cooled 0.2 M aqueous
solution of LIOH (0.60 mL, 0.12 mmol). The mixture was stirred
at 0 °C until the complete disappearance of the starting material
was detected (TLC analysis,1 h). The mixture was then acidified
with 5% aqueous HCI to pH= 2, warmed to room temperature,
diluted with CHCI, (80 mL), and washed with 40 (2 x 10 mL).

The organic phase was dried (}$©,) and concentrated to give
the crude acid 7in almost quantitative yield’H NMR 6 = 7.40—
7.10 (m, 20 H, Ph), 5.93 (bd, 1 H,= 6.0 Hz, NH), 4.98 and 4.52
(2d,2H,J=10.5Hz, Ph®l;), 4.93and 4.71 (2d, 2 H,=11.0
Hz, PhH,), 4.80 and 4.68 (2 d, 2 Hl = 11.5 Hz, PhEl,), 4.47
and 4.38 (2 d, 2 HJ) = 12.0 Hz, PhEi,), 4.38 (ddd, 1 HJy»q 7~
= 8.5 Hz,Jy»p 2+ = 8.5 Hz, H-2""), 4.03 (dd, 1 HJz 4 = 3.5 Hz,
Jys ~ 0.5 Hz, H-4), 3.72-3.60 (m, 2 H, H-2 H-6'a), 3.57 (dd,
1H,Jyz = 9.0 Hz, H-3), 3.50-3.30 (m, 4 H, H-1a, H-1, H-5,
H-6'b), 3.22 (dd, 1 HJy 1p = 9.5 Hz,Jy7a 1 = 16.5 Hz, H-T'b),

172.7,87.4,84.0,82.1,79.4,78.7, 75.6, 74.9, 73.2, 68.9, 52.7,52.4,3.10 (d, 2 H, 2 H-1"), 2.52 (s, 3 H, CH), 1.44, 1.42, and 1.28 (3

38.5, 31.7, 28.2, 28.0, 23.0; MALDI-TOF MS 1032.4 (M- H),
1054.2 (M" + Na). Anal. Calcd for GoH74N,O13 (1031.24): C,
69.88; H, 7.23; N, 2.72. Found: C, 69.82; H, 7.28; N, 2.71.
(2"9)-4-(2,3 4 ,6-Tetra-O-benzyl-o-p-galactopyranosylmethyl)-
2-(2"-tert-butoxycarbonylamino-2''-methoxycarbonylethyl)-6-
methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Esters (o.-
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S, 27 H, 3t-Bu). Anal. Calcd for GgH7,N,0;3(1017.21): C, 69.66;
H, 7.13; N, 2.75. Found: C, 69.75; H, 7.10; N, 2.70.
(2S,2'S,1"'S)-4-(2,3,4,6-TetraO-benzyl-3-p-galactopyrano-
sylmethyl)-2-[2-(2"-tert-butoxycarbonylamino-3'-methylpropio-
nylamino)-2'-(1'""-ethoxycarbonyl-2"'-phenylethylcarbamoyl)-
ethyl]-6-methylpyridine-3,5-dicarboxylic Acid Di-tert-butyl Ester



Synthesis of C-Glycosylmethyl Pyridylalanines

(Boc-Ala-Pal-Phe-OEt) (19).To a cooled (C°C), stirred solution

of crude acidl7 (101 mg,~0.10 mmol)L-phenylalanine ethyl ester
hydrochloride (34 mg, 0.15 mmol), and (benzotriazol-1-yloxy)-
tripyrrolidinophosphonium hexafluorophosphate (62 mg, 0.12 mmol)
in anhydrous CHKCI, (2.0 mL) was added\,N-diisopropylethy-
lamine (52uL, 0.30 mmol). The solution was warmed to room
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was added\,N-diisopropylethylamine (6Q:L, 0.35 mmol). The
solution was warmed to room temperature, stirred for an additional
2 h, and then concentrated. The residue was suspended with AcCOEt
(80 mL) and washed with saturated aqueous NaklIO mL) and

brine (10 mL). The organic phase was dried {81&;), concentrated,

and eluted from a column of silica gel with 1.5:1 cyclohexane

temperature, stirred for an additional 2 h, and then concentrated. AcOEt to give tripeptidel9 (65 mg, 65% fromB35): [o]p = 23.5
The residue was suspended with AcOEt (80 mL) and washed with (¢ 0.8, CHC); 'H NMR 6 = 7.78 (bd, 2 HJ ~ 7.5 Hz, 2 NH),

HO (2 x 10 mL). The organic phase was dried ¢S@ay),
concentrated, and eluted from a column of silica gel with 1:1
cyclohexane-AcOEt to give dipeptide.8 (94 mg,~80%) slightly
contaminated by uncharacterized byproducdtd: NMR (selected
data)o = 8.08 (bd, 1 HJ = 7.5 Hz, NH), 7.46-7.10 (m, 25 H,
Ph), 6.12 (bd, 1 HJ = 8.05 Hz, NH), 4.96 and 4.68 (2 d, 2 H,
=11.5Hz, Ph€ly), 4.93 and 4.50 (2 d, 2 H,= 11.0 Hz, PhEl,),
4.78 and 4.69 (2d, 2 H}=11.2 Hz, PhEl,), 4.43 and 4.38 (2 d,
2 H,J=12.0 Hz, Ph®l,), 4.08 (bg, 2 HJ = 7.0 Hz, OGH,CHj),
4.02 (dd, 1 HJ54= 3.5 Hz,J45 ~ 0.5 Hz, H-4s), 3.57 (dd, 1 H,
Jo3= 9.0 Hz, H-3s), 2.33 (bs, 3 H, G 1.44, 1.42, and 1.28 (3
s, 27 H, 3t-Bu), 1.22 (t, 3 H, OCHCHj3).

To a cooled (OC), stirred solution of dipeptid&8 (94 mg,~0.08
mmol) in CHCI, (2.0 mL) was slowly added a solution of TFA
CH,ClI; (0.50 mL—1.50 mL). Stirring was continued at°’C for an
additional 30 min and then warmed to room temperature. After 30
min at room temperature, the solution was neutralized°& @ith
saturated aqueous pz0O; and extracted with CkCl, (2 x 50 mL).
The combined organic phases were dried,@@) and concentrated
to give the corresponding crude free amine (85 mg), which was
used for the following reaction without any purification.

To a cooled (C°C), stirred solution of the above crude amine
(85 mg,~0.08 mmol) tert-butoxycarbonyl--alanine (22 mg, 0.12
mmol), and (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexaflu-
orophosphate (73 mg, 0.14 mmol) in anhydrous,Chki (2.0 mL)

7.40-7.00 (m, 25 H, Ph), 5.08 (bd, 1 H,= 8.0 Hz, NH), 4.98
and 4.68 (2d, 2 H) = 11.0 Hz, PhEl,), 4.92 and 4.48 (2 d, 2 H,
J=11.2 Hz, Ph€l;), 4.86-4.78 (m, 2 H, H-2 H-1""), 4.78 and
4.70(2d,2HJ=11.5Hz, PhEl,), 4.38and 4.32 (2d,2 H =
12.0 Hz, Ph®l,), 4.20-4.12 (m, 1 H, H-2), 4.08 (q, 2HJ=7.0
Hz, OCH,CHg), 4.01 (dd, 1 HJ; 4= 3.5 Hz,J45 ~ 0.5 Hz, H-4s),
3.64 (dd, 1 HJ; , = 8.8 Hz,J, 3= 9.0 Hz, H-2s), 3.683.60 (m,

1 H, H-5s), 3.57 (dd, 1 H, H-3s), 3.44 (ddd, 1 #,cr2a= 3.0 Hz,
J1.crHap= 10.5 Hz, H-1s), 3.423.32 (m, 2 H, 2 H-6s), 3.263.06
(m, 5 H, CHa, 2 H-1, 2 H-2""), 2.95 (dd, 1 HJcHza,cHzp= 14.0
Hz, CHb), 2.36 (s, 3 H, ChH), 1.62, 1.42, and 1.40 (3 s, 27 H, 3
t-Bu), 1.28 (d, 3 HJ = 7.0 Hz, CH), 1.15 (t, 3 H, OCHCHy);
MALDI-TOF MS 1286.7 (M" + Na). Anal. Calcd for GHgoN4O15
(1263.5): C, 69.39; H, 7.18; N, 4.43. Found: C, 69.45; H, 7.20;
N, 4.39.
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