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(Abstract: The development and mechanistic investigation of
a highly stereoselective methodology for preparing a-linked-
urea neo-glycoconjugates and pseudo-oligosaccharides is
described. This two-step procedure begins with the selective
nickel-catalyzed conversion of glycosyl trichloroacetimidates
to the corresponding a-trichloroacetamides. The a-selective
nature of the conversion is controlled with a cationic nickel-
(1) catalyst, [Ni(dppe)(OTf),] (dppe =1,2-bis(diphenylphosphi-
no)ethane, OTf=triflate). Mechanistic studies have identified
the coordination of the nickel catalyst with the equatorial
\Cz-ether functionality of the a-glycosyl trichloroacetimidate

to be paramount for achieving an a-stereoselective transfor-
mation. A cross-over experiment has indicated that the reac-
tion does not proceed in an exclusively intramolecular fash-
ion. The second step in this sequence is the direct conver-
sion of a-glycosyl trichloroacetamide products into the cor-
responding a-urea glycosides by reacting them with a wide
variety of amine nucleophiles in presence of cesium carbon-
ate. Only a-urea-product formation is observed, as the reac-
tion proceeds with complete retention of stereochemical in-
tegrity at the anomeric C—N bond.

/

Introduction

As understanding continues to expand exponentially surround-
ing the indispensable role of carbohydrates in the living world,
the development of synthetic methods to efficiently accom-
plish these ubiquitous structures becomes increasingly rele-
vant. Advancing these technologies will not only facilitate bio-
logical studies, but will also provide access to modified struc-
tures that have both interesting and unique properties of their
own. For carbohydrates, chemical and enzymatic degradation
at the glycosidic linkage has been identified as a weak point in
the structural robustness of glycosylated compounds. As
a result, having access to modified carbohydrate structures
with enhanced resistance to enzymatic and chemical hydrolysis
is highly desirable. The glycosyl urea, for example, has gained
considerable attention in the development of neo-glycoconju-
gates, " pseudo-oligosacharides,” and N-linked glycopeptide
mimetics,® to replace native O- and N-glycosidic linkages.
These efforts aim to improve stability under physiological con-
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ditions while maintaining properties of the natural targets, and
would have direct application in the design and development
of anti-diabetic agents and aminoglycoside antibiotics.”

In nature, the glycosyl urea is found as an integral part of
both cinodine® and coumamidine” antibiotics. These com-
pounds are of interest because they exhibit broad-spectrum
activity against Gram-negative cell lines and have unusual
structural features, including an a-urea-linkage at the anomeric
center and a unique mode of action. These polycationic com-
pounds do not inhibit bacterial protein synthesis, as do the
aminoglycosides, but rather bind directly to bacterial DNA®
and its organizational enzyme, DNA gyrase B.*'" The partial
and/or total syntheses of cinodine and coumamidine antibiot-
ics have never been reported, potentially due to lack of tech-
nology for the general and efficient preparation of the a-urea
glycosidic linkage.™

The stereoselective synthesis of glycosyl urea is by no
means trivial."® Approaches can often be complicated with nu-
merous steps and be forced to rely on neighboring group par-
ticipation to facilitate a selective transformation.>' In addi-
tion, there is a propensity for many donor types to undergo
anomerization, which removes them from consideration in
many stereoselective urea syntheses." Although there are
a handful of methods available for attaining the [-urea glyco-
side,"® a general and selective preparation of a-urea glycoside
is still lacking.">" In Ichikawa’s approach, a-glycosyl isocya-
nate 2 (Scheme 1a) is generated in situ from glycosyl azide
1 and subsequently trapped with amine to provide a-glycosyl
urea 3."*"! Although this approach is able to retain o-stereo-
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trichloroacetamide intermediates 11 can be directly
converted to the corresponding a-glycosyl urea

0 o] o)
(RO)n—T//ﬁ _4steps _ (RO)HN R'-NH, (RO)n—T//ﬁ products 12 by reaction with a wide range of
H @ s 18] T ) . }
1 N; N=C=0 3 HNN. amines."® This two-step method of attaining a-urea
(a/ﬁ 41) I linkage retains stereochemical integrity at the
anomeric center; is highly atom-economical, because
chloroform is the only part of the original leaving
0 —O0 ~—0
(BnO)n—\/ﬁ _PMe; _|(BnO), wﬁ _1.R—N=C=0_ (BnO), 4 group that is absent from the final urea structure;
4 N, CH2Ch -| 2 HCOH, HO 6 HNTNR, and is tolerant to a variety of substrate types and
3P* o protecting groups. is report will focus on the
'V'eP tect Th t will f th
scope of this selective conversion, as well as the
(RO}, pal) (RO, 1. 0s04, NMO (Ro),,oSc rhgchanlstlc investigation of the stereoselective tran-
\-O_  Catalyst \-O H _2CsCO3RNH, o \ sition-metal-catalyzed process.
CClp_oy Caast ——————— Ac ©
3\n/ 3. Ac,0, pyridine H
HN_ N,
NH 7 8 HN\[I/CCI3 9 \[( R
o} . .
0 Results and Discussion
This Work:
Conversion of glycosyl trichloroacetimidates
o O 0
RO~ RO), % RO), _— . . -
(RO), \/Zﬁ LnM(II)( In \/m Base RO) "Xﬁ @ Building on our previous successes using cationic
X ., o . N
O NH HN.__O R-NH, HN\?O transition-metal catalysis for the activation of glycosyl
10 CCl; X=RO,Ar-C=N 1 CCl 12 HN. trichloroacetimidate donors in highly selective glyco-

Scheme 1. Methods for selective formation of a-glycosyl ureas.

chemical integrity at the anomeric C—N bond during the urea-
forming step, moderate selectivity in starting material 2 (4:1 o/
B-mixture) and additional step requirements to achieve it from
a-glycosyl azide limit synthetic utility. Bernardi has reported
a new method for the synthesis of a-glycosyl urea 6 using
a modified Staudinger reduction (Scheme 1b). Bernardi’s ap-
proach reduces the step requirement by directly converting a-
azide 4 into a-iminophosphorane 5, then transforming it to
urea 6 by reacting with isocyanate.'? Although Bernardi’s ap-
proach achieves the a- urea 6 (Scheme 1b) in a single-pot, the
limited reactivity of the iminophosphorane intermediate places
restrictions on scope in the conversion. A third methodology
for forming a-glycosyl ureas has been developed in our lab
employing a palladium-catalyzed stereoselective rearrange-
ment of glycal trichloroacetimidate 7 to the 2,3-unsaturated tri-
chloroacetamide product 8 (Scheme 1c).l"® After functionaliz-
ing glycal 8 to pyranoside with catalytic OsO,, the resulting tri-
chloroacetamide is converted to a-glycosyl urea 9 with amine
nucleophile in the presence of Cs,CO;. While this process is
highly a-selective, the substrate scope is limited due to the
1,2-syn-diol-forming nature of the dihydroxylation reaction
used to functionalize the 2,3-unsaturated glycal 8.

We report herein a new and efficient procedure for con-
structing o-urea glycoside, which has the potential to over-
come the current limitations for the synthesis of this motif and
can be applicable to a variety of carbohydrate substrates
(Scheme 1d)." Based on our recent efforts using transition-
metal catalysis in glycosylation reactions,”” we envisioned that
in the absence of an external nucleophile, a transition-metal
catalyst would be able to promote the ionization and subse-
quent rearrangement of a-glycosyl trichloroacetimidate 10 to
the corresponding a-trichloroacetamide 11 (Scheme 1d)." The
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sylation strategies,”™ we began our search for an ap-
propriate catalyst to facilitate the transformation of
a-glycosyl trichloroacetimidate 13 to glycosyl tri-
chloroacetamide 14 with 5 mol% of the readily avail-
able [Pd(CH;CN),(BF,),] catalyst (Table 1, entry 1). This system
was found to be ill-suited for the conversion, showing no de-
tectable product 14 after 5h at room temperature. We con-
tinued our efforts by switching to a presumably more reactive
[PA(PhCN),(OTf),] catalyst (entry2), generated in situ from
[PA(PhCN),Cl,] and AgOTf, and discovered that with use of
5 mol% catalyst loading, the conversion proceeded smoothly
to provide the desired trichloroacetamide 14 in 86% yield as
a 10:1 mixture of a- and (-anomers (entry 2) within 1 h. The
progress of this rearrangement was monitored by FTIR spec-
troscopy, with completion of the reaction being noted after
disappearance of the C=N stretching band of trichloroacetimi-
date 13 at 1670 cm 2" A reduction in catalyst loading to
2 mol% (entry 3) maintained the yield and a-selectivity in the
conversion. Switching from a cationic palladium to a cationic
nickel species (entry 4), [Ni(PhCN),(OTf),], provided a similar
yield and anomeric selectivity with a notable improvement in
rate (less than 30 min).

We continued our optimization studies by varying the elec-
tronic properties of the ligands on the nickel catalyst (Table 1,
entries 5-7) to observe the effects on yield and selectivity. We
found that an optimal balance occurred with the 1,2-bis(diphe-
nylphosphino)ethane ligand ([Ni(dppe)(OTf),], entry 7), provid-
ing 14 in 85% yield with a/Bf=30:1."2 We next probed the
effect of varying the bite angle of the bisphosphine on the
ligand-metal complex (entries 9-11). To this end, the reaction
was investigated with 1,3-bis(diphenylphosphino)propane
ligand ([Ni(dppp)(OTf),], entry 9) and 1,4-bis(diphenylphosphi-
no)butane ligand ([Ni(dppb)(OTf),], entry 10), that have a larger
bite angle than [Ni(dppe)(OTf),] (entry 7), both of which led to
reduced yield (47-70%) and a-selectivity (a/p=8:1-9:1).%2%
We hypothesize that this is probably due to bite angle effects

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1. Screening catalysts and conventional Lewis acids.” Table 2. Screening of solvents.”
BnO o BnO o BnO o BnO o
ngo&ﬁ Catalyst, CH,Cl, ng()&ﬁ ngo&ﬂ [Ni(dppe)OTf,] ng(&ﬁ
BnO Can BnO “Solvent 25°C. 151
n OTCCB 25°C,1-14h BnOH N\H/CCIa n O\H/CCI:s Solvent, 25 °C, 1-5 h Bro cci,
13 - 14 I 13 N 14 701/
Entry Catalyst Loading Time Yield [9%]® Entry Solvent Time Yield [9%]®
[mol %] [h] (o:p) [h] (ap)
1 [Pd(CH,CN),(BF,),] 5 5 NR 1 CH,Cl, 1 85 (30:1)
2 [PA(PhCN),(OTf),] 5 1 86 (10:1) 2 THF 3 49 (19:1)
3 [Pd(PhCN),(OTf),] 2 1 85 (10:1) 3 MTBE 1.5 50 (16:1)
4 [Ni(PhCN),(OTf),] 2 0.25 84 (11:1) 4 dioxane 5 67 (15:1)
5 [Ni(4-F-PhCN),(OTf),] 2 0.25 88 (10:1) 5 toluene 2 75 (20:1)
6 [Ni(4-MeO-PhCN),(OTf),] 2 0.25 90 (10:1) 6 trifluorotoluene 1.25 67 (13:1)
7 [Ni(dppe)(OTf),] 2 1 85 (30:1) - .
8 [Ni(dppe)Cl,] 5 6 NR [a] The rearrangements were performed at 0.2m in CH,Cl, with 2 mol%
) A ] .
9 INi(dppp)(OTA),] 5 175 70 8:1) of [Ni(dppe)(OTf),]. [b] Isolated yield. [c] 'H NMR ratio.
10 [Ni(dppb)(OTH),] 2 1.25 49 (9:1)
11 [Ni(PPh3)(OTf),] 2 1.25 61 (12:1)
12 Ni(OTf), 2 0.25 57 (19:1)
13 AgOTf 6 14 72.(5:1) substantial loss in the form of hydrolysis. Similar results were
14 TMSOTf 4 2 72 (8:1) . . .
15 BE.OFt p p 65 (@1) obtained using MTBE (entry 3), though the reaction took less
S : time to reach completion. Use of less polar toluene as solvent
E;/,T\Fe CtoTV‘irs'onE were Pjrf‘[’g]“fdla;‘ Z'ZT”I;“ [C]Hfﬁ'?\‘ m;h ztfs mol % of (entry 4) provided excellent o-selectivity in the transformation
| catalysts or Lewis acids. solate leld. [C ratio. . .
y Y (20:1 a/p), though the yield of 14 was reduced (75% yield).

that impart both steric and electronic influences on metal cata-
lyst.?¥ Further switching to the monodentate triphenylphos-
phine ligand ([Ni(PPh;),(OTf),], entry 11) provided diminished
yield and a- selectivity (61%, 12:1 o/p). To determine the ne-
cessity of the phosphine ligand, the conversion was carried
out in absence of one (Ni(OTf),, entry 12), which increased the
rate and selectivity (19:1 a/f-ratio) of the reaction at the ex-
pense of yield (57%). In addition, a significant amount of de-
composition was observed with use of Ni(OTf),, suggesting the
importance of the dppe ligand to help modulate the nickel
species and control the reaction. To evaluate if the catalytic ac-
tivity observed in this series (Table 1) had arisen from the pres-
ence of residual AgOTf, a control experiment was conducted
(entry 13) to determine if it would be able to facilitate a reac-
tion on its own. The transformation required 14 h and dimin-
ished yield (72 %) and anomeric selectivity (a/f=5:1) were ob-
served. Use of neutral nickel(ll) catalyst, [Ni(dppe)Cl,] (entry 8),
resulted in no reaction. To determine if Lewis acid behavior
alone was responsible for reactivity with the nickel(ll) species,
a control experiment was conducted with BF;-OEt, (entry 15),
a commonly employed activating agent in glycosylation with
glycosyl imidates.”™ Trichloroacetamide 14 was obtained in
65% yield with a/f=4:1. Faster reaction time was accom-
plished with TMSOTf (entry 14, TMS = trimethylsilyl),”® though
yield (72%) and selectivity (8:1 a/f3) were not on par with the
results obtained using the nickel(ll) catalyst (85%, 30:1 o/p,
entry 7).

Next, we turned our attention to evaluating the effect of sol-
vent in the transformation (Table 2). Increasing the polarity of
the solvent (CH,Cl,—THF, entry 1 to entry 2) decreased a-selec-
tivity (a:p=19:1) and yield (49%). We also observed that the
prolonged reaction time (1 h vs. 3 h, entries 1T and 2) led to

Chem. Eur. J. 2014, 20, 1-12
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Thus, 2 mol% of [Ni(dppe)(OTf),] in CH,Cl, was chosen as the
optimal balance between yield, a-anomeric selectivity, and re-
action rate.

With the reaction conditions identified, we set out to estab-
lish the substrate scope of the transformation (Table 3). While
the nickel catalyst was tolerant of the benzyl protecting group
at C2 (Tables 1 and 2), we also found that incorporating allyl
and silyl ethers at C2 of imidates 15 and 16 provided trichloro-
acetamides 20 and 21 (Table 3, entries 1 and 2) in 90-91%
with high a-selectivity (o/p=10:1-20:1). It is interesting to
note that although the C2-silyl group provided trichloroacet-
amide 21 in higher a-selectivity than both the C2-allyl and
benzyl group, the conversion was much more sluggish (10 h
vs. 1 h), presumably due to steric encumbrance of the bulky
triisopropylsilyl (TIPS) group. Next, we investigated xylose 17
(entry 3) and quinovose 18 (entry 4) that lack a C6-hydroxyl
group.?” These studies produced high yield (87-91%) and ex-
cellent a-selectivity (a/p=15:1 - >25:1) in generating tri-
chloroacetamide 22 and 23 (entries 3 and 4). A galactose 19
(entry 5) with an additional trichloroacetimidate group at the
Cé6-position was also evaluated to determine what effect this
might have on reactivity. While this reaction proceeded slug-
gishly (12 h), it was able to provide 72% yield of the exclusive
a-trichloroacetamide 24. Interestingly, the Cé-trichloroacetimi-
date group in 19 did not survive during the transformation, re-
sulting in an unmasked hydroxyl group for further functionali-
zation as a potential acceptor in the glycosylation reaction.

To investigate the robustness of our cationic nickel-catalyzed
rearrangement methodology, a wide variety of disaccharide
and trisaccharide trichloroacetimidates 25-29 (Table 4) were
tested. These substrates provided oligosaccharide trichloro-
acetamides 30-34 in high yield (67-85%) with more anomeric
homogeneity (nearly exclusive a-stereoselectivity) than was
observed with their monosaccharide counterparts 20-24
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i i i . group, which also led to decomposition. Upon
Table 3. Nickel-catalyzed conversion of monosaccharide acetimidates.” switching to the N-benzylidene-protected 2-deoxy
RO),==2 2 mol % RO) = glucosamine acetimidates 37 and 38 (Scheme
o ca [Ni(dppe)(OTf),] WL cal 20),2%4 we were able to efficiently achieve an o-se-
3 B 3 . .
15-19 m CHzClp, 25°C, 1-3h 20-24 \g/ lective transformation (71-79%, o/p=11:1-20:1).
Entry Acetimidates Time Products Yield [%]" The [Ni(4-F- PhCNh OTf);] Ca:ilaIZjSt Wa:)Tfound tol be
Ihl (@) more reactive that the [Ni(dppe)(OTf),] catalyst.
oo BnO While the para-methoxy-N-benzylidene protected
A%ﬁ(&% A%‘ﬁ(&% imidate 37 performed quite sluggishly in the conver-
1 g AllylO . 1 AIIyIOHN o 91 (10:1) sion compared to the para-fluoro-N-benzylidene de-
15 s 20 3R rivative 38 (20 h vs. 3 h), it can be rationalized that
8O NH B0 ° competing addition from the (-face takes place with
Bro° 0 BnO prolonged conversion time and is likely to account
BnO Lo . . .
2 " TIPSOO o 10 " Tpso 90 (20:1) for the diminished a-selectivity. The 1,2-cis-2-amino
16 D 21 HN\H/C% urea linkage found in 39 and 40 (Scheme 2¢) also
NH o ° suggests the feasibility of applying this method in
o . . L
B%a% B%On(% the stereoselective synthesis of cinodine and couma-
3 BOl o 05 B0 . ccl 87 (15:1) midine antibiotics,®” in which the structural ar-
17 3 22 \I( 3 .
rangement is prevalent.
NH 0
Me, Me
BnoﬁOj BnO 0
BnO BnO
4 BnO S o 05 BnOHN cal 91 (a only) Mechanistic studies of nickel-catalyzed
3 . . ..
18 T ’ 23 Tol/ transformation of trichloroacetimidates
oo 04 NH pivo OH Once satisfied with the robustness and versatility of
v o CCls o} our nickel-catalyzed methodology, we became inter-
5 Bro—\—T> 12 BrO—ons 72 (a only) ested in elucidating a possible mechanism for the
"o col, ” HN\[(CC% selective transformation of trichloroacetimidate sub-
19 NH 0o strates. We hypothesize that the nickel catalyst
- P—— s Tp—— would first coordinate the imidate nitrogen and the
[a] The rearrangements were performed at 0.2m in CH,Cl, with 2 mol% of [Ni(dppe)- ~
(OTA,J. Piv— pivaloyl. [b] Isolated yield. [c] 'H NMR ratio. C2-ether oxygen of substrate 41 to form complex 43

(Table 3). The first study utilized the per-O-benzylated man-
nose-a-(1,6)-glucose imidate 25 (Table 4, entry 1) provided dis-
accharide trichloroacetamide 30 in 83% yield with 33:1 a-se-
lectivity. To determine how the transformation would proceed
with differentially protected carbohydrate residues, glucose-a-
(1,6)-glucose substrate 26 (entry 2) was examined and pro-
duced 84% of the a-disaccharide acetamide 31 as the sole
product. Similar performance was achieved with the 1,4-linked
disaccharide substrate 28 (entry 4) as well as with the N-acetyl
glucosamine-containing-disaccharide 27 (entry 3). The reaction
were complete in 1h, providing disaccharide trichloroacet-
amides 32 and 33 in 85% and 91% yield, respectively, as the
exclusive a-isomers (entries 3 and 4). A trisaccharide trichloro-
acetimidate 29 (entry 5) was also explored. Although it took
longer for the reaction to reach completion (4 h), a-trichloroa-
cetamide 34 (entry 5) was isolated in 67% yield as the only
product.

While other methodologies available lack compatibility with
C2-aminosugars,>'"! we proceeded to investigate our own
level of compatibility in this regard. We initially examined the
C2 N-acetyl glucosamine substrate 35 (Scheme 2a); only the
decomposition of starting material was observed. We then
evaluated substrate 36 (Scheme 2b) containing the C2-azido

Chem. Eur. J. 2014, 20, 1-12 www.chemeurj.org

(Figure 1). Subsequent ionization of the trichloro-
acetimidate leaving group followed by delivery of

2 mol %
AZ‘c’o [Ni(cppe)(OT);]
AcHN DECOMPOSITION @)
O cCly CHyClp, 25°C, 4 h
Aﬁéo 2 mol %
[Ni(dppe)(OTf)z]
AcO DECOMPOSITION (b)

CC|3 CH,Cly, 25°C, 4 h

5 mol %

AcO AcO

Agg(&ﬂ [Ni(4-F-PhCN),(OTf),] Aﬁg&ﬁ ©
YCCla CH,Cly, 25 °C, 320 h N NH G

X

OMe  71% (o:p =11
F 79%(aﬁ= )

o X

OMe 39 X
F 40 X

w

®

x
o

Scheme 2. Transformation of C2-amino trichloroacetimidate substrates.

the trichloroacetamide group to the anomeric center from the
a-face of the oxocarbenium intermediate 44 provides the cor-
responding complex 45 (Pathway A). Dissociation of the cat-
ionic nickel(ll) catalyst will provide the desired a-glycosyl tri-
chloroacetamide 42. Alternatively, 44 can dissociate to gener-
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Table 4. Nickel-catalyzed conversion of oligosaccharide acetimidates.”
O o} 10 mol % RO), =8 O
(RO, ~—— 10 mol % (RO a0
=) ) [Ni(dppe)(OTr)] b
n O CCls CH,Cl, 25 °C, 2-4 h " AN CCh
25-29 i ' 30-34
NH o
Entry Acetimidates Products Yield [%]*
(a:p)
BnO—, OBn BnO— OBn
BnO BnO O
BnO BnO
° (o] o o]
BnO BnO bl .
! 25 Bno&ﬁ 30 Bno&ﬁ 83® (33:1)
BnO BnO
O\ﬂ/CC|3 HN\H/CC|3
NH o
AcO o AcO
AcO AcO
AcO ° o AcO ° 0
AcO BEOO AcO BEOO
n n ib)
2 2% BnO 51 BnO 84™ (a only)
OTCCIS HNYCCI3
NH 0
AcO o AcO o
AcO AcO
AcO 0 o R0 o) o
AcHN BEOO AcHN BEOO y
n n ]
3 o7 BnO 32 BnO 85 (a only)
O\[(CCI3 HNYCCI3
NH (0]
AcO AcO
BnO
A0 00 A0 Bro
4 BnO c BnO 91 (o only)
28 O\[(CCI;i 33 HNTCCIS
NH o
BnO—, OBn BnO— OBn
BnO O BnO 0
BnO BnO
o (0] o
BnO BnO
(e} o [dl
5 BnO B O&N/ 67 onl
BnO BnO Q nOTT0 Bno o} (@ only)
Bn BnO
29 BnO 34 BnO
OYC% HN\H/CCI3
NH o}
[a] The rearrangements were performed at 0.2 m in CH,Cl, with 2 mol% of [Ni(dppe)(OTf),]. [b] The reaction was complete within 2 h. [c] The reaction was
complete within 1 h. [d] The reaction was complete within 4 h. [e] Isolated yield. [f] '"H NMR ratio.

ate tight ion pair 46 (Pathway B),”® which then recombines in

a stereoelectronically favored mode to form a-trichloroacet-
amide 42 a as the major product.

We hypothesized that a coordination event between the
nickel catalyst and the C2-oxygen of an equatorial ether group
was necessary for achieving the high a-selectivity observed in
the trichloroacetamide product 42 (Figure 1). Thus, our first
goal was to determine if the a-orientation of the trichloroacet-
imidate group of substrate 41 outlined in Figure 1 is important
for coordination and subsequent ionization. Accordingly, 3-tri-
chloroacetimidate 47 (Scheme 3) was attempted in the pres-
ence of 5mol% of [Ni(dppe)(OTf),]. The rearrangement was
able to proceed at 25°C and reached completion after 12 h."*?
The yield of the desired rearrangement product 14 was greatly
diminished (50%, 20:1 a/f}) compared to the result obtained
with o-trichloroacetimidate 13 (85%, 30:1 o/, Table 1, entry 7)

Chem. Eur. J. 2014, 20, 1-12 www.chemeurj.org
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and was accompanied by a significant amount of starting ma-
terial decomposition.

The result of the control experiment in Scheme 3 suggests
that 1) B-glycosyl trichloroacetimidate 47 is much less reactive
than o-trichloroacetimidate 13,%” and 2) the ion-pair mecha-
nism (Figure 1) is likely to be one of the major operative path-
ways in this transformation. To further validate our hypothesis
that coordination of the nickel catalyst to both the equatorial
C2-ether and a-Cl-trichloroacetimidate is pivotal in the rear-
rangement, a control experiment was performed with 2-deoxy-
glucosylimidate 48 (Scheme 4a), though the endeavor would
only lead to decomposition. On the other hand, -2-deoxy-2-
benzylidenaminoglycosylimidate 49 (Scheme 4b) resulted in
no conversion, which is in stark contrast with (3-glucose sub-
strate 47 (Scheme 3).

Another control experiment was conducted with tetrabenzy-
lated mannose substrate 50 (Scheme 4c), in which we hy-

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 1. Proposed mechanism of nickel-catalyzed conversion of imidate.

5 mol % [Ni(dppe)(OTf),]

CH,Cl,, 25°C, 12 h
NH HN

47 14
(B-isomer) 50% (a/p = 20:1) O

BnO o
BnO
Bno/k/o\n/cck‘

BnO

Scheme 3. Rearrangement of 3-glycosyl trichloroacetimidates.

pothesized that the expanse between the leaving group and
the axial C2-ether group would be prohibitively large for a si-
multaneous coordination with the nickel catalyst to occur.®"
Confirming our prediction, the conversion proceeded with
a complete lack of stereoselectivity, providing a 1:1 mixture
of a- and B- isomers 51 and 52 in 86% vyield (Scheme 4c).

TNH
as DN

Y CCly
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The next substrate examined
was the 4,6-O-benzylidene man-
nosyl trichloroacetimidate 53
(Scheme 4d), the donor used by
Crich®? and Schmidt®® in f-
mannosylation. In contrast with
tetrabenzylated = mannosylimi-
date 50, a [-selective conver-
sion was achieved with sub-
strate 53, providing acetamide
54 (Scheme 4d) in 74% yield
with  excellent  B-selectivity
(o:p=1:18).52%3% The discrepan-
cy in stereoselectivity between

(R0>n\—7;&/nm/ccb 50 and 53 (Scheme 4¢,d) could
RO o be accounted for by the twist
42p (Minor) boat (B,s) conformation of the
oxocarbenium ion®*¥ generated

from the reaction of 4,6-O-ben-

zylidene mannose 53 with [Ni-

(dppe)(OTf),] catalyst. We hy-

pothesize that this perturbed ring structure of the cation inter-
mediate brings the C2-ether functional group in close-enough
proximity to the trichloroacetimidate leaving group for joint
coordination with the nickel catalyst on the -face. The p-selec-
tive formation of 54 (Scheme 4d) fits our hypothesis nicely
that the coordination of the nickel catalyst with the C2-ether
group of trichloroacetimidate substrate (Pathway A, Figure 1)
is crucial for achieving a highly stereoselective transformation.
Having established the critical function of the ether func-
tional group at the C2-position of the trichloroacetimidate sub-
strate, we set out to determine if the reaction proceeded intra-
molecularly (i.e., 1,3-rearrangement), or if an intermolecular
transformation was possible. A crossover-labeling experiment
(Scheme 5) was then conducted

CCly
(RO) o

ROHN CcCl
420 3
(Major) \[g

BE?)(%% ~2mol % using an equimolar mixture of
BnO _ [Ni(dppe)OThal DECOMPOSITION @) both unlabeled per-O-benzylat-
a8 O\”/CC'3 CHaClz 25°C, 4 h ed glucosyl trichloroacetimidate

NH 13 and fully labeled substrate

AcO 2mol % 55 (containing deuterium-la-
A}"@mo\mcob _ [Nitdppe)(OTf)al NO REACTION (b) beled benzyl ether groups and

N NH CHCl, 25°C, 4 h oxygen-18 incorporated into the

/@2 trichloroacetimidate group)

MeO 49 (p-isomer) under standard reaction condi-

tions. If an intramolecular reac-

Bno— OBn 2 mol % Bno— OBn Bno— OBn tion was the operational path-
Bgﬁ&g [Ni(dppe)(OTf),] Bgﬁ(&\&' ng&\&/n CCly © way, it is expec.ted to find o.nly
o O COk CHyClp, 25°C, 1h o HN__CO o \(f)l/ the two trichloroacetamide

\ﬂ; (armen) \c[)l/ ooy, (Bisomen) Products 14 and.56 (Scheme 5)

in the reaction mixture. Interest-

ingly, it was determined that in

oh— S0 Og" 2mol % o0 OBn H addition to the expected prod-
B,?o&% [Ni(dppe)(OTf)] B%&Q/N\mccb 74% « ucts 14 and 56, two partially la-

53 o _co, CrC2G.2n 54 0 (18:1 o/B) beled cross-over acetamide

\ﬂl/H products 57 and 58 (Scheme 5)

Scheme 4. Substrates lacking equatorial C2-ether group.
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Scheme 5. Crossover-labeling experiments.

ing to intramolecularly rear-
ranged products 14 and 56 and
crossover products 57 and 58
with partial labeling are shown
in Figure 2.

In order to understand if
nickel-coordinated delivery of
the trichloroacetamide to the
anomeric carbon was taking
place in the transformation,
a control experiment with tetra-
benzylated glucosylimidate 13
and an equivalent of external tri-
chloroacetamide 59 was per-
formed (Scheme 6). Our logic in
this endeavor was that if we
found the transformation to
proceed with 30:1 o/p-selectivi-
ty (as was observed in the ab-
sence of trichloroacetamide as
shown Table1), we could
assume that delivery of the tri-
chloroacetamide group to the
anomeric center is facilitated by
complexation with nickel cata-
lyst. What we found instead,
was that the a-selectivity ob-
tained from this reaction had

CCly

[D71BnO
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o
T
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trichloroacetamides. First, it ap-
pears that the equatorial C2-
ether and benzylideneamino
functional groups of the glyco-
syl trichloroacetimidates are
paramount for achieving a-se-
lective transformation. Second,
although both a- and p-isomers
of the glycosyl C2-ether tri-
chloroacetimidates can trans-
form into the corresponding tri-
chloroacetamides with excellent
levels of a-selectivity, only the
a-isomer of C2-benzylideneami-
no acetimidate substrates un-

731.3734
7383313
ccly
733.3270
CCl;

730.3148

80 685 €20 635

been greatly diminished (5.4:1 a/f, Scheme 6), indicating that
a change in mechanism had taken place during the course of
the transformation. It is postulated that competition between
the o-facial selective redelivery by nickel and an Sy2-
like displacement of the leaving group (generating

the B-trichloroacetamide) is likely to operate, simulta- BnO
neously; as a result, flooding the conversion with ad- ngo

ditional trichloroacetamide shifts this balance to-

wards the Sy2-type displacement.

Overall, the above experiments allow a clearer def-
inition of the nickel-catalyzed transformation of gly-

cosyl trichloroacetimidates to the corresponding a-

Chem. Eur. J. 2014, 20, 1-12
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Figure 2. HRMS signals (M + NH,) of products from crossover experiment.

O

H,N” >CCly

59

(1 equiv)

730 735 740 745 750

dergo rearrangement. Third, it is clear from a cross-over experi-
ment that the transformation does not proceed in an exclu-
sively intramolecular fashion, and that there is competition be-

2mol % BnO o
Ni(dppe)(OTf BnO
[Ni(dppe)(OTf),] Bno/%

BnO

CH,Cly, 25°C, 1h

14 g
o)

Scheme 6. Rearrangement in the presence of external trichloroacetamide.
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tween the redelivery of the trichloroacetamide group by nickel
catalyst (Pathway A, Figure 1) and an intermolecular ion pair
(Pathway B, Figure 1).

Transformation of glycosyl trichloroacetamides into a-urea
glycosides

Having established the versatility of our nickel-catalyzed trans-
formation and gaining insight into the mechanistic nature of
the conversion, we turned our attention to the final step in
constructing a-urea glycosides: the conversion of the resulting
trichloroacetamide into glycosyl urea. Our group has previous-
ly illustrated the efficacy of treating a-mannosyl trichloroacet-
amides with a variety of amine nucleophiles in the presence of
cesium carbonate for generating o-urea mannosides.'® As
such, we set out to determine if the procedure would be ame-
nable to additional types of glycosyl trichloroacetamides.

A model reaction was conducted (Scheme 7) using per-O-
benzylated trichloroacetamide 14 and benzyl amine (60) in the
presence of cesium carbonate in DMF, resulting in the forma-

BnO BnO

BnO o} BnO O
Bro Cs,CO3, DMF, 25°C,10h  BnO
BnC BN “Q
HN CCls NH, 61 \n/
60
14 \[g ©/\ (80%) o)

Amine 60, DMF, 25 °C, 72 h
Without Cs,CO;

NO REACTION

Scheme 7. Conversion of trichloroacetamide to glycosyl urea.

Table 5. Conversion of trichloroacetamides to a-urea glycosides with sec-
ondary amines.”

o o
(RO} (RO) o
Cs,CO3, DMF, R-NH,
HN__CCl3 ) g HN__NHR
W 25°C,10-24 h 66 - 69
o
Entry Amines Acetamides Ureas Yield
[%][b]
Me
BnO 0
Z N S BnO
BnO
! H 2 66 HN ID 8
62 b
o
BnO 0
O Bn%
BnO
2 N 22 67 HN\H/O 94
63 0

BnO
— - &ﬁ 20
BnO X
HN N
3 N2 1a BnO | O N o3
64 69 T]/

(e}

[a] All urea-forming reactions were performed with 2-3 equiv amine and
3-5 equiv Cs,CO; at 25°C in DMF (0.2 m). [b] Isolated yield.
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tion of 80% yield of a-urea glycoside 61. The ambient temper-
ature condition avoids deprotection of the trichloroacetamide
group, which occurs at 100°C.2¥ This new approach requires
only one step for direct transformation of a-glycosyl trichloro-
acetamide to the o-urea glycoside with the retention of the
stereochemistry at the anomeric carbon. A control study was
conducted to determine if the formation of urea would occur
without Cs,CO; (Scheme 7). In this experiment, there was no
indication that the reaction was occurring after 72 h; the start-
ing material 14 was recovered. This result suggests that forma-
tion of a-urea glycoside is unlikely to occur through a direct
nucleophilic acyl substitution reaction.®”

Satisfied with the above result, we proceeded to examine
a number of monosaccharide a-trichloroacetamides with sec-
ondary amines (Table 5). In the coupling of pyrrolidine (62,
entry 1) with quinovose acetamide substrate 23, 88% yield of
the desired a-urea glycoside 66 was attained. Similar yield
(94%) for the urea glycoside product 67% (entry 2) was ach-

Table 6. Transformation of trichloroacetamide 14 to a-urea glycosides
with amino acid and carbohydrate amine nucleophiles.?
BnO BnO
n BnO
Bl Cs,CO3, DMF, R-NH, 8ol
14 D 25°C,10-24 h YOR
(¢} (e}
Entry Amines Ureas Yield
[%][b]
BnO
BnO O
HaN__ COMe BnO
! 70 BnoHN “ CO,M 8
o IVle
74 \ﬂ/ ~
(0]
BnO
Me BnO O
BnO
, Me)\:/COZMe oo |y Me %
NH, HN.__N., H\
7 76 g Me
O CO,Me
BnO
BnO O
{ \ Ph BnO
“ BnO
3 N "Son HN D 90
Ph 77 \I‘r H
2 Aoen
Ph OH
BnO
BEOo O
n
HoN o BnO
®5ro HN\[&O
4 n 66
BnO ope 82 HN
79 BnO o
BnO
BnO ope
BnO
Bro- 0
n
HN fo) BnO
Bgr?o OPMP HN. _O
5 B0 83 h 81
® HN&&
BnO
BrO OPMP
BnO
[a] All urea-forming reactions were performed with 2-3 equiv amine and
3-5 equiv Cs,CO; at 25°C in DMF (0.2 m). PMP = p-methoxyphenyl. [b] Iso-
lated yield.
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ieved in the reaction of xylose trichloroacetamide 22 with pi-
peridine (63). In addition, N-piperidylpiperazine (64) was suc-
cessfully coupled to acetamide 14 to afford the a-urea glyco-
side 69 (entry 3) in 93% yield. In all case, the a-urea products
were formed exclusively as a-isomers without any observable
epimerization at the anomeric C—N bond.

Although stereoselective methods for attaining 3-urea-linked
glycopeptides have been developed,'™**" a direct and selec-
tive formation of a-urea-linked glycopeptides remains elusive.
To test the scope and limitations of our method, a number of
amino acid nucleophiles 70-72 (Table 6) were evaluated. The
methyl esters of glycine 70 (entry 1) was efficiently coupled to
a-acetamide 14, providing o-urea glycopeptide 74 in 85%
yield. Phenylalanine 71 (entry 2) and derivatized proline 72
(entry 3) also reacted well to afford a-glycoconjugates 76 and
77, respectively, in 80-90% vyield.*" These results validate the
efficacy of our methodology for generating high-yielding a-
urea-linked glycopeptides in only two steps from trichloro-
acetimidates. In contrast, methods used for synthesizing f3-
urea-linked glycopeptides require five steps and employ the
C(2)-acetyl group to control the formation of the -anomeric
selectivity.'>?®

We also demonstrated the versatility of our two-step ap-
proach by applying it in the synthesis of unsymmetrical o-
urea-linked oligosaccharides (Table 6, entries4 and 5). Al-
though there are several efficient methodologies for the ste-
reoselective synthesis of symmetrical urea-linked oligosacchari-
des,"®*" approaches for unsymmetrical preparation of this
urea-linked motif remain underdeveloped.?'”! This warrants
the development of efficient and stereoselective strategies for
forming unsymmetrical urea-linked oligosaccharides. Accord-
ingly, primary carbohydrate amines 79 and 80 (Table 6, en-
tries 4 and 5) were explored with a-glycosyl trichloroacetamide
14. The coupling process proceeded smoothly to provide a-
urea linked disaccharides 82 and 83, respectively, in 66-81%
yield with complete retention of the stereochemical
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Conclusions

In summary, we have developed an atom-economical and effi-
cient approach to the synthesis of a-urea-linked glycoside by
nickel-catalyzed a-selective transformation of trichloroacetimi-
date to the corresponding trichloroacetamide and subsequent,
one-step transformation to a-glycosyl urea with amine in the
presence of cesium carbonate. The nickel-catalyzed conversion
of glycosyl trichloroacetimidate to the a-trichloroacetamide in-
termediate has been found to be rapid and highly selective
and to proceed in the presence of [Ni(dppe)(OTf),]. This
method is tolerant of a variety of sugar types and protecting
groups and can applied to a range of monosaccharide, disac-
charide, and trisaccharide substrates.

1) Control experiments with 2-deoxy glucose and mannose
substrates have highlighted the importance of the C2-ether
functionality in directing the a-selective transformation.

2) A crossover-labeling study has identified the conversion is
not proceeding in strictly intramolecular fashion. There is
competition between the redelivery of the acetamide by
cationic nickel(ll) catalyst (Pathway A, Figure 1) and an in-
termolecular ion pair (Pathway B, Figure 1).

3) While both the a- and fB-isomers of trichloroacetimidates
containing C2-ether group undergo conversion, only the a-
isomer of C2-benzylideneamino substrates can transform
into the corresponding trichloroacetamide products.

4) The conversion of trichloroacetamide into a-urea glycoside
has been achieved by reacting with amine in the presence
of Cs,CO;. The procedure has been successfully applied to
secondary amines, amino acids, and aminosugars to pro-
vide a-ureas in good yields with no epimerization of the
anomeric C—N bond.

5) This atomic-economical two-step method is also applicable
to the synthesis of 3-urea glycosides from the coupling of

integrity at the anomeric center. Attempts to couple .
disaccharide trichloroacetamides 30-33 with either Table 7. Stereoselective synthesis of -urea-linked glycosides.
79 or 80 resulted in poor conversions under similar ~ OBn o, OB
o Ph ¥
conditions. BS&&/HTC% _Gs2C05 DMF.RNH,  Ph BS&Q/HTHR
. L 25°C,10-24 h
The operational simplicity of our two-step proce- 54 o )
dure was also highlighted in the coupling of Entry Amines Ureas Yield
number of amine nucleophiles with the 4,6-benzyli- [9%]"
dene mannosyl f-trichloroacetamide 54 (Table 7). o OB (\N,Me
Accordingly, treatment of substrate 54 with N- ] HN  N-Me Ph BS(&Q/H N 75
methyl piperazine (65) provided the corresponding 65 o @/
B-glycosyl urea 68 (entry 1) in 75% yield with no ob- CoMe OBn
servable epimerization at the anomeric C—N bond. 5 Ph/\,A:H : Ph/%%&/“ y o
Encouraged by this result, the reaction of phenylala- 7 z Bno 75 \[g la:;h
2!
nine 73 (entry2) and carbohydrate amine 78 oBn
; -0
(entry 3) with 54 was also attempted, and the corre- HN— OBN Ph BOO@&/H o
sponding B-urea glycosides 75" and 81 were isolat- 3 Bno~ n . OBn 76
ed in good yield (76-80 %). OPMP 81 BnO O
78 BnO
OPMP
[a] All urea-forming reactions were performed with 2-3 equiv amine and 3-5 equiv
Cs,CO; at 25°C in DMF (0.2 m). [b] Isolated yield.
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4,6-benzylidene mannosyl p-trichloroacetamide with amine
nucleophiles.

Insights gained from our studies will help future advances in
the selective formation of a-urea-linked pseudo-oligosacchar-
ides and neo-glycoconjugates with the potential for increased
stability over their O-linked and N-linked glycoside counter-
parts.

Experimental Section
Standard procedure for preparation of trichloroacetamide

A 10 mL oven-dried Schlenk flask was charged with a-glycosyl tri-
chloroacetimidate (0.2 mmol, 1 equiv) and CH,Cl, (1.5 mL). A pre-
formed solution of [Ni(dppe)OTf,], which was generated in situ
from a reaction of [Ni(dppe)Cl,] (0.004 mmol, 2 mol%) and AgOTf (
0.008 mmol, 4 mol %) in CH,Cl, (0.5 mL) for 15 min, was added. The
resulting mixture was then monitored by FT-IR spectroscopy (C=N
stretch at 1670 cm™'—C=0 stretch at 1726 cm™') at room tempera-
ture. The mixture was loaded directly onto silica and purified by
silica gel flash column chromatography to provide the correspond-
ing trichloroacetamide as a viscous oil.

Standard procedure for preparation of a-urea glucoside

A 10 mL oven-dried Schlenk was charged with trichloroacetamide
(0.1 mmol, 1 equiv). and amine nucleophile (0.3 mmol, 3 equiv) and
toluene (1 mL) before concentrating in vacuo for azeotropic re-
moval of water. This process was repeated three times (3x) before
adding anhydrous cesium carbonate (0.3-0.5 mmol, 3-5 equiv).
The resulting mixture was flushed with argon, and anhydrous DMF
was (2 mL) was then added. The mixture was allowed to stir at
room temperature for 10 h. The reaction mixture was poured into
a saturated aqueous solution of NaHCO; (25 mL) and extracted
with ethyl acetate (5x25 mL). The combined organic extracts were
dried over MgSO,, filtered, and then concentrated in vacuo. The
crude product was purified by silica gel flash chromatography to
provide a-urea glycoside.

Acknowledgements

We are grateful for the financial support from National Science
Foundation (NSF-CHEM 1106082) and National Institutes of
Health (RO1T GM098285). We thank Dr. Fei Yu for preparing and
spectroscopically analyzing trichloroacetamide 54. A portion of
this work was performed at Montana State University.

Keywords: carbohydrates - glycosyl trichloroacetimidates
stereoselectivity - trichloroacetamides - urea glycosides

[11 Y. Ichikawa, T. Nishiyama, M. Isobe, J. Org. Chem. 2001, 66, 4200-4205.
[2] a) D. Prosperi, S. Ronchi, L. Lay, A. Rencurosi, G. Russo, Eur. J. Org. Chem.
2004, 395-405; b)D. Prosperi, S. Ronchi, L. Panza, A. Rencurosi, G.
Russo, Synlett 2004, 1529-1532.

a) Y. Ichikawa, T. Nishiyama, M. Isobe, Synlett 2000, 9, 1253-1256; b) Y.
Ichikawa, F. Ohara, H. Kotsuki, K. Nakano, Org. Lett. 2006, 8, 5009-5012.
a) N. Tewari, V. K. Tiwari, R. C. Mishra, R.P. Tripathi, A.K. Srivastava, R.
Ahmad, R. Srivastava, B.S. Srivastava, Bioorg. Med. Chem. 2003, 11,
2911-2922; b)H. Paulsen, K. Todt, Adv. Carbohydr. Chem. 1968, 23,
115-232; c)E. Truscheit, W. Frommer, B. Junge, L. Mueller, D.D.

v

=

Chem. Eur. J. 2014, 20, 1-12 www.chemeurj.org

10

CHEMISTRY

A European Journal

Full Paper

Schmidt, W. Wingender, Angew. Chem. 1981, 93, 738-755; Angew.
Chem. Int. Ed. Engl. 1981, 20, 744-761; d) S. Inouye, T. Tsuruoka, T. Ito, T.
Niida, Tetrahedron 1968, 24, 2125-2144; e) P. B. Anzeveno, L. J. Creemer,
J. K. Daniel, C. H.R. King, P.S. Liu, J. Org. Chem. 1989, 54, 2539-2542.
a) S. Umezewa, T. Tsuchiya, in Aminoglycosides Antibiotics (Eds.: H. Ume-
zewa, R.l. Hooper), Springer, Berlin (Germany), 1982, pp.37-110;
b) H. A. Kirst, in Bruger’s Medicinal Chemistry and Drug Discovery (Ed.:
M .E. Wolff), Wiley, New York (USA), 1996, pp. 463 —525.

a) H. D. Tresner, J. H. Korshalla, A. A. Fantini, J. D. Korshalla, J. P. Kirby,
J.J. Goodman, R. A. Kele, A. J. Shay, D. B. Borders, J. Antibiot. 1978, 31,
394-397; b) J. H. Martin, M. P. Kuntsmann, F. Barbatschi, M. Hertz, G. A.
Ellestad, M. Dann, G.S. Redin, A.C. Dornbush, N.A. Kuck, J. Antibiot.
1978, 37, 398-404; ¢) G. A. Ellestad, D. B. Cosulich, R. W. Broschard, J. H.
Martin, M. P. Kuntsmann, G. O. Morton, J. E. Lancaster, W. Fulmor, F. M.
Lovell, J. Am. Chem. Soc. 1978, 100, 2515-2524.

P. Fernandes, R. Swanson, D. Hardy, C. Hanson, D. McDaniel, J. Beyer, R.
Chen, J. Antibiot. 1989, 42, 538 -541.

M. Greenstein, J. Speth, W. Maiese, Antimicrob. Agents Chemother. 1981,
20, 425-432.

M. Osburne, w. Maiese, M. Greenstein, Antimicrob. Agents Chemother.
1990, 34, 1450-1452.

A simplified structure, glycocinnasperimicin D, that contains f-linked
anomeric urea bond, also bind directly to bacterial DNA and its DNA
gyrase, see: K. Dobashi, K. Nagaoka, Y. Watanabe, M. Nishida, M.
Hamada, J. Naganawa, T. Takita, T. Takeuchi, H. Umezawa, J. Antibiot.
1985, 38, 1166-1170.

Only the synthesis of B-urea-linked glycocinnasperimicin D has been re-
ported, see: a) T. Nishiyama, M. Isobe, Y. Ichikawa, Angew. Chem. 2005,
117, 4446 - 4449; Angew. Chem. Int. Ed. 2005, 44, 4372-4375; b) T. Nish-
iyama, Y. Kusumoto, K. Okumura, K. Hara, S. Kusaba, K. Hirato, Y. Kamiya,
M. Isobe, K. Nakano, H. Kotsuki, Y. Ichikawa, Chem. Eur. J. 2010, 16, 600 -
610.

A. Bianchi, D. Ferrario, A. Bernandi, Carbohydr. Res. 2006, 341, 1438-
1446.

For recent review on the synthesis of carbohydrate ureas, see: M. J.
McKay, H. M. Nguyen, Carbohydr. Res. 2014, 385, 18-44.

For recent review on the synthesis of carbohydrate ureas, see: P. Spanu,
F. Ulgheri, Curr. Org. Chem. 2008, 12, 1071-1092.

T. Ogawa, S. Nakabayashi, S. Shibata, Agric. Biol. Chem. 1983, 47, 281 -
285.

a)M.H. Benn, A.S. Jones, J. Chem. Soc. 1960, 3837-3841; b)J. M.
Garcia-Fernandez, C. Ortiz-Mellet, V. M. Diaz-Pérez, J. Fuentes, J. Kovacs,
I. Pintér, Tetrahedron Lett. 1997, 38, 4161-4164; c) M. |. Garcia-Moreno,
J. M. Benito, C. Ortiz-Mellet, J. M. Garcia-Fernandez, Tetrahedron: Asym-
metry 2000, 71, 1331-1341; d) Y. Ichikawa, Y. Matsukawa, M. Isobe, Syn-
lett 2004, 1019-1022; e) Y. Ichikawa, Y. Matsukawa, M. Isobe, J. Am.
Chem. Soc. 2006, 128, 3934-3938; f)Y. Ichikawa, Y. Matsukawa, M.
Tamura, F. Ohara, M. Isobe, H. Kotsuki, Chem. Asian J. 2006, 1, 717 -723.
Y. Ichikawa, T. Nishiyama, M. Isobe, Tetrahedron 2004, 60, 2621-2627.
a)J. Yang, G.J. Mercer, H. M. Nguyen, Org. Lett. 2007, 9, 4231-4234;
b) G.J. Mercer, J. Yang, M. J. McKay, H. M. Nguyen, J. Am. Chem. Soc.
2008, 730, 11210-11218.

N. H. Park, H. M. Nguyen, Org. Lett. 2009, 11, 2433 -2436.

a) M. S. McConnell, E. A. Mensah, H. M. Nguyen, Carbohydr. Res. 2013,
381, 146-152; b) M. S. McConnell, F. Yu, H. M. Nguyen, Chem. Commun.
2013, 49, 4313-4315; ¢)F. Yu, H. M. Nguyen, J. Org. Chem. 2012, 77,
7330-7343; d) E. A. Mensah, F. Yu, H. M. Nguyen, J. Am. Chem. Soc.
2010, 732, 14288-14302; e) E. A. Mensah, H. M. Nguyen, J. Am. Chem.
Soc. 2009, 131, 8778-8780; f) M. J. McKay, B. D. Naab, G. J. Mercer, H. M.
Nguyen, J. Org. Chem. 2009, 74, 4705-4711; g) E. A. Mensah, J. A. Azzar-
elli, H. M. Nguyen, J. Org. Chem. 2009, 74, 1650-1657; h)J. Yang, C.
Cooper-Vanosdell, E. A. Mensah, H. M. Nguyen, J. Org. Chem. 2008, 73,
794-800; i) B. P. Schuff, G.J. Mercer, H. M. Nguyen, Org. Lett. 2007, 9,
3173-3176.

E. Pretsch, W. Simon, J. Seibl, T. Clerc, in Spectral Data for Structure De-
termination of Organic Compounds (Eds: W. Fresenius, J.F. K. Huber,
G. A. Rechnitz, W. Simon, T.S. West), Springer, Berlin, Heidelberg (Ger-
many), 1989, pp. 1150-1160.

In order to maintain high a-selectivity, it is crucial to use [Ni(dppe)-
(OTf),] immediately upon generating in situ from [Ni(dppe)Cl,] and

&)

[10]

[11]

[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]

[21]

[22]

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

KK These are not the final page numbers!


http://dx.doi.org/10.1021/jo0100751
http://dx.doi.org/10.1021/jo0100751
http://dx.doi.org/10.1021/jo0100751
http://dx.doi.org/10.1002/ejoc.200300483
http://dx.doi.org/10.1002/ejoc.200300483
http://dx.doi.org/10.1002/ejoc.200300483
http://dx.doi.org/10.1002/ejoc.200300483
http://dx.doi.org/10.1055/s-2004-829074
http://dx.doi.org/10.1055/s-2004-829074
http://dx.doi.org/10.1055/s-2004-829074
http://dx.doi.org/10.1021/ol0616788
http://dx.doi.org/10.1021/ol0616788
http://dx.doi.org/10.1021/ol0616788
http://dx.doi.org/10.1016/S0968-0896(03)00214-1
http://dx.doi.org/10.1016/S0968-0896(03)00214-1
http://dx.doi.org/10.1016/S0968-0896(03)00214-1
http://dx.doi.org/10.1016/S0968-0896(03)00214-1
http://dx.doi.org/10.1002/ange.19810930905
http://dx.doi.org/10.1002/ange.19810930905
http://dx.doi.org/10.1002/ange.19810930905
http://dx.doi.org/10.1002/anie.198107441
http://dx.doi.org/10.1002/anie.198107441
http://dx.doi.org/10.1002/anie.198107441
http://dx.doi.org/10.1002/anie.198107441
http://dx.doi.org/10.1016/0040-4020(68)88115-3
http://dx.doi.org/10.1016/0040-4020(68)88115-3
http://dx.doi.org/10.1016/0040-4020(68)88115-3
http://dx.doi.org/10.1021/jo00272a015
http://dx.doi.org/10.1021/jo00272a015
http://dx.doi.org/10.1021/jo00272a015
http://dx.doi.org/10.7164/antibiotics.31.394
http://dx.doi.org/10.7164/antibiotics.31.394
http://dx.doi.org/10.7164/antibiotics.31.394
http://dx.doi.org/10.7164/antibiotics.31.394
http://dx.doi.org/10.7164/antibiotics.31.398
http://dx.doi.org/10.7164/antibiotics.31.398
http://dx.doi.org/10.7164/antibiotics.31.398
http://dx.doi.org/10.7164/antibiotics.31.398
http://dx.doi.org/10.1021/ja00476a041
http://dx.doi.org/10.1021/ja00476a041
http://dx.doi.org/10.1021/ja00476a041
http://dx.doi.org/10.7164/antibiotics.42.538
http://dx.doi.org/10.7164/antibiotics.42.538
http://dx.doi.org/10.7164/antibiotics.42.538
http://dx.doi.org/10.1128/AAC.20.4.425
http://dx.doi.org/10.1128/AAC.20.4.425
http://dx.doi.org/10.1128/AAC.20.4.425
http://dx.doi.org/10.1128/AAC.20.4.425
http://dx.doi.org/10.1128/AAC.34.7.1450
http://dx.doi.org/10.1128/AAC.34.7.1450
http://dx.doi.org/10.1128/AAC.34.7.1450
http://dx.doi.org/10.1128/AAC.34.7.1450
http://dx.doi.org/10.7164/antibiotics.38.1166
http://dx.doi.org/10.7164/antibiotics.38.1166
http://dx.doi.org/10.7164/antibiotics.38.1166
http://dx.doi.org/10.7164/antibiotics.38.1166
http://dx.doi.org/10.1002/ange.200500892
http://dx.doi.org/10.1002/ange.200500892
http://dx.doi.org/10.1002/ange.200500892
http://dx.doi.org/10.1002/ange.200500892
http://dx.doi.org/10.1002/anie.200500892
http://dx.doi.org/10.1002/anie.200500892
http://dx.doi.org/10.1002/anie.200500892
http://dx.doi.org/10.1002/chem.200901745
http://dx.doi.org/10.1002/chem.200901745
http://dx.doi.org/10.1002/chem.200901745
http://dx.doi.org/10.1016/j.carres.2006.03.042
http://dx.doi.org/10.1016/j.carres.2006.03.042
http://dx.doi.org/10.1016/j.carres.2006.03.042
http://dx.doi.org/10.1016/j.carres.2013.08.007
http://dx.doi.org/10.1016/j.carres.2013.08.007
http://dx.doi.org/10.1016/j.carres.2013.08.007
http://dx.doi.org/10.1271/bbb1961.47.281
http://dx.doi.org/10.1271/bbb1961.47.281
http://dx.doi.org/10.1271/bbb1961.47.281
http://dx.doi.org/10.1039/jr9600003837
http://dx.doi.org/10.1039/jr9600003837
http://dx.doi.org/10.1039/jr9600003837
http://dx.doi.org/10.1055/s-2004-822902
http://dx.doi.org/10.1055/s-2004-822902
http://dx.doi.org/10.1055/s-2004-822902
http://dx.doi.org/10.1055/s-2004-822902
http://dx.doi.org/10.1021/ja056253f
http://dx.doi.org/10.1021/ja056253f
http://dx.doi.org/10.1021/ja056253f
http://dx.doi.org/10.1021/ja056253f
http://dx.doi.org/10.1002/asia.200600190
http://dx.doi.org/10.1002/asia.200600190
http://dx.doi.org/10.1002/asia.200600190
http://dx.doi.org/10.1016/j.tet.2004.01.055
http://dx.doi.org/10.1016/j.tet.2004.01.055
http://dx.doi.org/10.1016/j.tet.2004.01.055
http://dx.doi.org/10.1021/ol701778z
http://dx.doi.org/10.1021/ol701778z
http://dx.doi.org/10.1021/ol701778z
http://dx.doi.org/10.1021/ja803378k
http://dx.doi.org/10.1021/ja803378k
http://dx.doi.org/10.1021/ja803378k
http://dx.doi.org/10.1021/ja803378k
http://dx.doi.org/10.1021/ol900670a
http://dx.doi.org/10.1021/ol900670a
http://dx.doi.org/10.1021/ol900670a
http://dx.doi.org/10.1016/j.carres.2013.09.006
http://dx.doi.org/10.1016/j.carres.2013.09.006
http://dx.doi.org/10.1016/j.carres.2013.09.006
http://dx.doi.org/10.1016/j.carres.2013.09.006
http://dx.doi.org/10.1039/c2cc35823a
http://dx.doi.org/10.1039/c2cc35823a
http://dx.doi.org/10.1039/c2cc35823a
http://dx.doi.org/10.1039/c2cc35823a
http://dx.doi.org/10.1021/jo301050q
http://dx.doi.org/10.1021/jo301050q
http://dx.doi.org/10.1021/jo301050q
http://dx.doi.org/10.1021/jo301050q
http://dx.doi.org/10.1021/ja106682m
http://dx.doi.org/10.1021/ja106682m
http://dx.doi.org/10.1021/ja106682m
http://dx.doi.org/10.1021/ja106682m
http://dx.doi.org/10.1021/ja903123b
http://dx.doi.org/10.1021/ja903123b
http://dx.doi.org/10.1021/ja903123b
http://dx.doi.org/10.1021/ja903123b
http://dx.doi.org/10.1021/jo9002807
http://dx.doi.org/10.1021/jo9002807
http://dx.doi.org/10.1021/jo9002807
http://dx.doi.org/10.1021/jo802468p
http://dx.doi.org/10.1021/jo802468p
http://dx.doi.org/10.1021/jo802468p
http://dx.doi.org/10.1021/jo702436p
http://dx.doi.org/10.1021/jo702436p
http://dx.doi.org/10.1021/jo702436p
http://dx.doi.org/10.1021/jo702436p
http://dx.doi.org/10.1021/ol071268z
http://dx.doi.org/10.1021/ol071268z
http://dx.doi.org/10.1021/ol071268z
http://dx.doi.org/10.1021/ol071268z
http://www.chemeurj.org

:@2 ChemPubSoc
x Europe

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chem. Eur. J. 2014, 20, 1-12

AgOTf. We also noted that extended prestirring of the [Ni(dppe)(OTf),]
mixture significantly deteriorates the a-selectivity.

Considerable loss in the form of hydrolysis was observed in the reaction
of trichloroacetimidate 13 with use of [Ni(dppb)(OTf),].

Z. Freixa, P. W. N. M. van Leeuwen, Dalton Trans. 2003, 1890-1901.

a) R.R. Schmidt, J. Michel, Angew. Chem. 1980, 92, 763-764; Angew.
Chem. Int. Ed. Engl. 1980, 19, 731-732; b) R. R. Schmidt, J. Michel, J. Car-
bohydr. Chem. 1985, 4, 141-169; c) P. Zimmermann, R. Bommer, T. Bar,
R. R. Schmidt, J. Carbohydr. Chem. 1988, 7, 435-452.

a) R. R. Schmidt, Angew. Chem. 1986, 98, 213 -236; Angew. Chem. Int. Ed.
Engl. 1986, 25, 212-235; b) R. R. Schmidt, M. Behrendt, A. Toepfer, Syn-
lett 1990, 694-696; c)R. Schaubach, J. Hemberger, W. Kinzy, Liebigs.
Ann. Chem. 1991, 607-614; d) H. Paulsen, R. Wilkens, F. Reck, |. Brock-
hausen, Liebigs. Ann. Chem. 1992, 1303-1313; e)S.S. Kulkarni, S.-C.
Hung, Lett. Org. Chem. 2005, 2, 670-677.

a) R. Pereda-Miranda, G.W. Kaatz, J. Gibbons, J. Nat. Prod. 2006, 69,
406-409; b) K-H. Lee, S. L. Morris-Natschke, Pure. Appl. Chem. 1999, 71,
1045-1051; ¢)1-C. Sun, Y. Kashiwada, S. L. Morris-Natschke, K-H. Lee,
Curr. Med. Chem. 2003, 10, 155-169.

a) M. Calter, T. K. Hollis, L. E. Overman, J. Ziller, G. G. Zipp, J. Org. Chem.
1997, 62, 1449-1456; b)S. Yougai, T. Miwa, J. Chem. Soc. Chem.
Commun. 1983, 68 -69.

The conversion of (3-glycosyl trichloroacetimidate containing the C(2)-
benzoyl participatory group to the corresponding f-trichloroacetamide
under TMSOTf conditions has been recently reported, see: H. Tanaka, Y.
Iwata, D. Takahashi, M. Adachi, T. Takahashi, J. Am. Chem. Soc. 2005,
127, 1630-1631.

It is not clear why use of f-trichloroacetimidate 47 provided only 50%
yield of a-glycosyl trichloroacetamide 14. We hypothesize that because
p-trichloroacetimidate 47 is not very reactive in the transformation,
there is likely competition between degradative pathways (i.e., hydroly-
sis) and formation of the desired product 14.

The mannosyl oxocarbenium of substrate 50 is likely to exist in one of
two half-chair conformations. While one computation study shows
a small preference for the *H, conformer with the maximum number of
alkoxy substituents placed equatorially and C2-alkoxy group placed ax-
ially,”’ another calculation and biological data suggest that the *H, con-
former (alkoxyl group at C2 favors equatorial position and alkoxy func-
tional groups at the C3, C4, and C6 adopt axial orientations) is favor-
ed.®? An alternative explanation relies on considering the fact that
both conformers are in rapid equilibrium, leading to a 1:1 mixture of a-
and -trichloroacetamide products 51 and 52.4¢ a)T. Nukada, A.
Berces, L. Wang, M. Z. Zgierski, D. M. Whitfield, Carbohydr. Res. 2005,
340, 841-852; b) L. Amat, R. Carbo-Dorca, J. Chem. Inf. Comput. Sci.
2000, 40, 1188-1198; c) D. A. Winkler, G. Holan, J. Med. Chem. 1989, 32,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

CHEMISTRY

A European Journal

Full Paper

2084-2089; d)D.A. Winkler, J. Med. Chem. 1996, 39, 4332-4334;
e) C. G. Lucero, K. A. Woerpel, J. Org. Chem. 2006, 71, 2641 -2647.

a) D. Crich, S. Sun, J. Org. Chem. 1996, 61, 4506-4507; b) D. Crich, S.
Sun, J. Org. Chem. 1997, 62, 1198-1199; ¢) D. Crich, S. Sun, J. Am. Chem.
Soc. 1997, 119, 11217-11223; d) D. Crich, S. Sun, J. Am. Chem. Soc.
1998, 120, 435-436; e) D. Crich, S. Sun, Tetrahedron 1998, 54, 8321-
8348; f) D. Crich, W. Cai, Z. Dai, J. Org. Chem. 2000, 65, 1291-1297; g) D.
Crich, M. Smith, J. Am. Chem. Soc. 2001, 123, 9015-9020; h) D. Crich, J.
Carbohydr. Chem. 2002, 21, 667 —690.

R. Weingart, R. Schmidt, Tetrahedron Lett. 2000, 41, 8753 -8758.

The 'Joy coupling between the anomeric carbon of 54 and its associat-
ed proton was measured, and 'Jo;= 160 Hz. It is known that the magni-
tude of the 'Jg, coupling wherein a value of around 160 Hz is diagnos-
tic for the f-configuration and 170 Hz the a-mannoside, see: K. Bock, C.
Pedersen, J. Chem. Soc. Perkin Trans. 2 1974, 293 -297.

a) D. Crich, N.S. Chandrasekera, Angew. Chem. 2004, 116, 5500-5503;
Angew. Chem. Int. Ed. 2004, 43, 5386-5389; b) M. Huang, P. Retailleau,
L. Bohe, D. Crich, J. Am. Chem. Soc. 2012, 134, 14746-14749.

D. Urabe, K. Sugino, T. Nishikawa, M. Isobe, Tetrahedron Lett. 2004, 45,
9405 -9407.

Although the mechanism for urea formation from trichloroacetamides
has not been completely clarified yet, it is speculated that trichloro-
acetamides are used as in situ isocyanate-generating reagents, which
react with carboxamides or sulfonamides to afford acylureas or sul-
fonylureas, see: I. A. Atanassova, J.S. Petrov, N. M. Mollov, Synthesis
1987, 734-736.

The anomeric effect of the nitrogen atom in the urea functional groups
was studied using 'H NMR analysis of both a- and B-xylopyranosyl
ureas. It was determined that the anomeric effect of the urea function-
ality is not observed and the urea substituent prefers the equatorial ori-
entation to minimize steric interactions. In addition, the xylopyranosyl
urea 67 (Table 5, entry 2) may adapt a 'C, conformation in which the
urea substituent occupies an equatorial position, see: Y. Ichikawa, H.
Watanabe, H. Kotshuki, K. Nakano, Eur. J. Org. Chem. 2010, 6331-6337.
a) R. A. Dwek, Chem. Rev. 1996, 96, 683-720; b) A. Varki, Glycobiology
1993, 3, 97-130.

a) I. Christiansen-Brams, M. Meldal, K. Bock, J. Chem. Soc. Perkin Trans.
11993, 1461-1471; b) J. van Ameijde, H. B. Albada, R. M. J. Liskamp, J.
Chem. Soc. Perkin Trans. 1 2002, 1042 -1049.

There was no observable epimerization at the a-position of the amino
acid moiety of a-urea-linked glycopeptides 75 and 76.

J. Kovdcs, . Pinter, A. Messmer, Carbohydr. Res. 1987, 166, 101-111.

Received: February 28, 2014
Published online on 1A I, 0000

www.chemeurj.org

These are not the final page numbers! 22

1

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1039/b300322c
http://dx.doi.org/10.1039/b300322c
http://dx.doi.org/10.1039/b300322c
http://dx.doi.org/10.1002/ange.19800920933
http://dx.doi.org/10.1002/ange.19800920933
http://dx.doi.org/10.1002/ange.19800920933
http://dx.doi.org/10.1002/anie.198007311
http://dx.doi.org/10.1002/anie.198007311
http://dx.doi.org/10.1002/anie.198007311
http://dx.doi.org/10.1002/anie.198007311
http://dx.doi.org/10.1080/07328308508058829
http://dx.doi.org/10.1080/07328308508058829
http://dx.doi.org/10.1080/07328308508058829
http://dx.doi.org/10.1080/07328308508058829
http://dx.doi.org/10.1080/07328308808058935
http://dx.doi.org/10.1080/07328308808058935
http://dx.doi.org/10.1080/07328308808058935
http://dx.doi.org/10.1002/ange.19860980305
http://dx.doi.org/10.1002/ange.19860980305
http://dx.doi.org/10.1002/ange.19860980305
http://dx.doi.org/10.1002/anie.198602121
http://dx.doi.org/10.1002/anie.198602121
http://dx.doi.org/10.1002/anie.198602121
http://dx.doi.org/10.1002/anie.198602121
http://dx.doi.org/10.1055/s-1990-21214
http://dx.doi.org/10.1055/s-1990-21214
http://dx.doi.org/10.1055/s-1990-21214
http://dx.doi.org/10.1055/s-1990-21214
http://dx.doi.org/10.1002/jlac.1991199101113
http://dx.doi.org/10.1002/jlac.1991199101113
http://dx.doi.org/10.1002/jlac.1991199101113
http://dx.doi.org/10.1002/jlac.1991199101113
http://dx.doi.org/10.1002/jlac.1992199201215
http://dx.doi.org/10.1002/jlac.1992199201215
http://dx.doi.org/10.1002/jlac.1992199201215
http://dx.doi.org/10.1021/np050227d
http://dx.doi.org/10.1021/np050227d
http://dx.doi.org/10.1021/np050227d
http://dx.doi.org/10.1021/np050227d
http://dx.doi.org/10.1351/pac199971061045
http://dx.doi.org/10.1351/pac199971061045
http://dx.doi.org/10.1351/pac199971061045
http://dx.doi.org/10.1351/pac199971061045
http://dx.doi.org/10.1021/jo962090p
http://dx.doi.org/10.1021/jo962090p
http://dx.doi.org/10.1021/jo962090p
http://dx.doi.org/10.1021/jo962090p
http://dx.doi.org/10.1039/c39830000068
http://dx.doi.org/10.1039/c39830000068
http://dx.doi.org/10.1039/c39830000068
http://dx.doi.org/10.1039/c39830000068
http://dx.doi.org/10.1021/ja0450298
http://dx.doi.org/10.1021/ja0450298
http://dx.doi.org/10.1021/ja0450298
http://dx.doi.org/10.1021/ja0450298
http://dx.doi.org/10.1016/j.carres.2004.12.021
http://dx.doi.org/10.1016/j.carres.2004.12.021
http://dx.doi.org/10.1016/j.carres.2004.12.021
http://dx.doi.org/10.1016/j.carres.2004.12.021
http://dx.doi.org/10.1021/ci0000272
http://dx.doi.org/10.1021/ci0000272
http://dx.doi.org/10.1021/ci0000272
http://dx.doi.org/10.1021/ci0000272
http://dx.doi.org/10.1021/jm00129a011
http://dx.doi.org/10.1021/jm00129a011
http://dx.doi.org/10.1021/jm00129a011
http://dx.doi.org/10.1021/jm00129a011
http://dx.doi.org/10.1021/jm960237z
http://dx.doi.org/10.1021/jm960237z
http://dx.doi.org/10.1021/jm960237z
http://dx.doi.org/10.1021/jo0522963
http://dx.doi.org/10.1021/jo0522963
http://dx.doi.org/10.1021/jo0522963
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1021/ja971239r
http://dx.doi.org/10.1021/ja971239r
http://dx.doi.org/10.1021/ja971239r
http://dx.doi.org/10.1021/ja971239r
http://dx.doi.org/10.1021/ja9734814
http://dx.doi.org/10.1021/ja9734814
http://dx.doi.org/10.1021/ja9734814
http://dx.doi.org/10.1021/ja9734814
http://dx.doi.org/10.1016/S0040-4020(98)00426-8
http://dx.doi.org/10.1016/S0040-4020(98)00426-8
http://dx.doi.org/10.1016/S0040-4020(98)00426-8
http://dx.doi.org/10.1021/jo9910482
http://dx.doi.org/10.1021/jo9910482
http://dx.doi.org/10.1021/jo9910482
http://dx.doi.org/10.1021/ja0111481
http://dx.doi.org/10.1021/ja0111481
http://dx.doi.org/10.1021/ja0111481
http://dx.doi.org/10.1016/S0040-4039(00)01497-0
http://dx.doi.org/10.1016/S0040-4039(00)01497-0
http://dx.doi.org/10.1016/S0040-4039(00)01497-0
http://dx.doi.org/10.1039/p29740000293
http://dx.doi.org/10.1039/p29740000293
http://dx.doi.org/10.1039/p29740000293
http://dx.doi.org/10.1002/ange.200453688
http://dx.doi.org/10.1002/ange.200453688
http://dx.doi.org/10.1002/ange.200453688
http://dx.doi.org/10.1002/anie.200453688
http://dx.doi.org/10.1002/anie.200453688
http://dx.doi.org/10.1002/anie.200453688
http://dx.doi.org/10.1021/ja307266n
http://dx.doi.org/10.1021/ja307266n
http://dx.doi.org/10.1021/ja307266n
http://dx.doi.org/10.1016/j.tetlet.2004.10.099
http://dx.doi.org/10.1016/j.tetlet.2004.10.099
http://dx.doi.org/10.1016/j.tetlet.2004.10.099
http://dx.doi.org/10.1016/j.tetlet.2004.10.099
http://dx.doi.org/10.1055/s-1987-28067
http://dx.doi.org/10.1055/s-1987-28067
http://dx.doi.org/10.1055/s-1987-28067
http://dx.doi.org/10.1055/s-1987-28067
http://dx.doi.org/10.1002/ejoc.201000944
http://dx.doi.org/10.1002/ejoc.201000944
http://dx.doi.org/10.1002/ejoc.201000944
http://dx.doi.org/10.1021/cr940283b
http://dx.doi.org/10.1021/cr940283b
http://dx.doi.org/10.1021/cr940283b
http://dx.doi.org/10.1093/glycob/3.2.97
http://dx.doi.org/10.1093/glycob/3.2.97
http://dx.doi.org/10.1093/glycob/3.2.97
http://dx.doi.org/10.1093/glycob/3.2.97
http://dx.doi.org/10.1039/p19930001461
http://dx.doi.org/10.1039/p19930001461
http://dx.doi.org/10.1039/p19930001461
http://dx.doi.org/10.1039/p19930001461
http://dx.doi.org/10.1039/b201296k
http://dx.doi.org/10.1039/b201296k
http://dx.doi.org/10.1039/b201296k
http://dx.doi.org/10.1039/b201296k
http://dx.doi.org/10.1016/0008-6215(87)80047-2
http://dx.doi.org/10.1016/0008-6215(87)80047-2
http://dx.doi.org/10.1016/0008-6215(87)80047-2
http://www.chemeurj.org

CHEMISTRY

{®*xChemPubSoc A European Journal

T Full P

e urope ull Paper

mol % BnO
i carbohydrates BEBZ&% [Ni(gppg;(éTf)z] ngo&%
M. J. McKay, N. H. Park, H. M. Nguyen* BnO o__cal, CHxClz 25°C, 1h BSiN__col,
il 85% i

EE-EE NH (azp =30:1) 0
Investigations of Scope and HoN
o Cs;COs, DMF,

Mechanism of Nickel-Catalyzed BQS(%VOPMP 23710k

Transformations of Glycosyl
Trichloroacetimidates to Glycosyl
Trichloroacetamides and Subsequent,
Atom-Economical, One-Step
Conversion to a-Urea-Glycosides

Chem. Eur. J. 2014, 20, 1-12

An atom-economical and efficient
method has been developed for the
synthesis of a-urea-linked glycoside.
This approach involves the use of nickel
catalyst to promote a-selective transfor-
mation of trichloroacetimidate to tri-
chloroacetamide and subsequent, one-
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step transformation to a-glycosyl urea
with amine (see scheme; dppe=1,2-
bis(diphenylphosphino)ethane, PMP =p-
methoxyphenyl, OTf=triflate). The pro-
cess is rapid, highly a-selective and tol-
erant of a variety of sugar and amine
types and protecting groups.
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