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Cbz-Asn-OAllyl (2)
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(A) Representative scope with a galactal derivative

IR

OBn

BnO O catalyst 17 BnO OB
§ 0 H\N)LR (10 mol %) S% 0 H
B N R
A= N toluene, AWMS BN g
_ . 30°C,48h H o)
glycosyl donor 15 amides (1.0 equiv) 16b-d
(1.2 equiv)
(0] NHCbz i-Pr
H (0] = o}
§ Y o)
‘Z( OAllyl eiN)WN \_)J\OBU[ H N/kCOzBut
O NHCbz H : ‘{N H
0 AL i-Pr

16b: 81% (p only)

71% (833 mg) 16¢: 70% (B only)

\ﬂ/\NHAIIoc

16d: 63% (B only) in THF

(B) Representative scope with a glucal derivative

Pry OTIPS 0 catalyst 17 ) OTIPS
i-Pr—Si i-Pr
i-Pr O/SI\.O@ H\N)J\R (10 mol %) i_pr_\Si\O 1) H R
S + ‘ toluene, AWMS  O~;=0 NT
i-Pr H 70°C,5h  i-Pr’7 Y 5
glycosyl donor 22 amides (1.0 equiv) i-Pr 23
(2.0 equiv)
Y 0
HN ; NHCbz
N :
‘z{ OAIIyI )W \)J\OBUt
O  NHCbz
N
23a:52% (a:p=1:7.6) 23b: 61% 23c: 59%
0% yield with p-TsOH (@:p=1:27) (a:p=1:59)

8 THAFLTY avALDIE KM

ThhbLEZTNS

W TC, it 17 ZHvs2-TAFT ) a
VAL BOG O BB IS H IO W CORET L 72
(K8). NINRYINMHTZH—)15%Hn
7B, WIS RG2S 16 23
ey pEFMED O RIFLIIEECHE N F
EIREXL, IYRTFRFRL NIRRT F R ED
T AT FFEFE S EHM I A E AT &
HZ L THDH, T/, Galan SASE L2 7 IV —
WARER22P # WA ET2- T F V7L
I—ADEALWRETH Y, 6T 2k
23 R PREDS RIFAIEETE 272, Boh

T O 7 )~ — LD SRS 1T X A
RESERNT, B X &M NMR A7 Ll
Lo TIRELTVDY,

5. B YIC

PESE DO EEVED & 2N F TIZE < OFESH G
EDBSE SN TELDS, ALFEKIC X 28
LRI T REREIL RIS NTBY,
AR FEICIFZE ST 2 PURRSE AR 12 BV T
b ZOEZEED TR SN TN L. AR TR

TR REACE 253 % (2022) | 181



N E R I L 22 5E & 7 3 N OESUE A SUS~OIGH

L7zna v a5 R it 7 ) 7 A
DFHT Vv AT v FERAEEIIRE~ 2o o]
REMEA D THB ™Y, EHOPFEMETIX
S5 7 B U R & F A RO B 5E & RS T2
ToTWa. FHLWABRHEIZ L > TINE T
W Cdo o 7ALFAIRSUR Z W HEIC T 2 70 T3
MiafE L, BIZESHFORRICEELL 72w,

(]

RIFFEL TN ER OHITR Td 5 THFRFE RS ks
WIZeRlE e L8 B K OTERSERL RS #E1L
FEHWIZBW Tz b 0T, WigRIciEb - TL
N2 T RCOILFWIEE, Kbk - F2EIKHh
7LET. F7z, RBIEECRICE T AT O—E
1T H AR AR AR A0 geE, AP EEAN RH
BRI 3 & VR HIEN SR OB A
CEoTHLNTEBY, THRIEHCZLET

[FzEAH K]
RS HRMIEH ) THEA

(5 1A 3]

1) Gautam R. Desiraju, P. Shing Ho, Lars Kloo, Anthony
C. Legon, Roberto Marquardt, Pierangelo Metrangolo,
Peter Politzer, Giuseppe Resnati, Kari Rissanen.
Definition of the halogen bond (IUPAC
Recommendations 2013). Pure Appl. Chem. 2013, 85,
1711-1713.

2) Stefan, M. Huber. Halogen bonding in Solution, Wiley-
VCH, Weinheim, 2021.

3) Craig C. Robertson, Robin N. Perutz, Lee Brammer,
Christopher A. Hunter. A solvent-resistant halogen
bond. Chem. Sci. 2014, 5, 4179-4183.

4) Craig. C. Robertson, James S. Wright, Elliot J.

=

Carrington, Robin N. Perutz, Christopher A. Hunter,
Lee Brammer. Hydrogen bonding vs. halogen bonding:
the solvent decides. Chem. Sci. 2017, 8, 5392-5398.

Hiroshi Tanaka, Yuki Iwata, Daisuke Takahashi,
Masaatsu Adachi, Takashi Takahashi. Efficient

5

=

stereoselective synthesis of y-N-glycosyl asparagines
by N-glycosylation of primary amide groups. J. Am.
Chem. Soc. 2005, 127, 1630-1631.

6

N

Yao Li, Xiaoyu Yang, Yunpeng Liu, Cunsheng Zhu, You
Yang, Biao Yu. Gold(I)-Catalyzed Glycosylation with

182 | HUHRIERLASAALE 55 3% (2022)

glycosyl ortho-alkynylbenzoates as donors: general
scope and application in the synthesis of a cyclic
triterpene saponin. Chem. Eur. J. 2010, 16, 1871-1882.

7) Peter R. Schreiner, Alexander Wittkopp. H-Bonding

-

additives act like Lewis acid catalysts. Org. Lett. 2002,
4,217-220.
8

=

Yiqun Geng, Amit Kumar, Hassan M. Faidallah,
Hassan A. Albar, Ibrahim A. Mhkalid, Richard R.
Schmidt. Cooperative catalysis in glycosidation
reactions with O-glycosyl trichloroacetimidates as

glycosyl donors. Angew. Chem., Int. Ed. 2013, 52,

10089-10092.

9) Tomoya Kimura, Takahiro Eto, Daisuke Takahashi,
Kazunobu Toshima. Stereocontrolled photoinduced
glycosylation using an aryl thiourea as an organo
photoacid. Org. Lett. 2016, 18, 3190-3193.

10) Yusuke Hashimoto, Saki Tanikawa, Ryota Saito,
Kaname Sasaki. 3-Stereoselective mannosylation using
2,6-lactones. J. Am. Chem. Soc. 2016, 138, 14840-
14843.

11) Revannath L. Sutar, Stefan M. Huber, ACS Catal. 2019,
9, 9622-9639.

12) /NERHEEE,  hobHESk, FrACEER] N- A TR R
87 3 MLaty, iR 2017-106570 (2017)

13) Fanzuo Kong, Recent studies on reaction pathways
and applications of sugar orthoesters in synthesis of
oligosaccharides. Carbohydr. Res. 2007, 342, 345-373.

14

=

Yusuke Kobayashi, Yuya Nakatsuji, Shanji Li,
Seiji Tsuzuki, Yoshiji Takemoto. Direct
N-glycofunctionalization of amides with glycosyl
trichloroacetimidate by thiourea/halogen bond donor
co-catalysis. Angew. Chem. Int. Ed. 2018, 57, 3646
3650.

15

=

Fehmi Damkaci, Philip DeShong. Stereoselective
synthesis of a- and B-glycosylamide derivatives from
glycopyranosyl azides via isoxazoline intermediates. J.
Am. Chem. Soc. 2003, 12, 4408-4409.

16) Akihiro Ishiwata, Yuichi Munemura, Yukishige Ito.

=

Synergistic solvent effect in 1,2-cis-glycoside
formation. Tetrahedron 2008, 64. 92-102.
17

~

Shanji Li, Yusuke Kobayashi, Yoshiji Takemoto.
Organocatalytic direct a-selective N-Glycosylation of
amide with glycosyl trichloroacetimidate. Chem.
Pharm. Bull. 2018, 66, 768-770.

Peter Kuhn, Chudi Guan, Tao Cui, Anthony L.

Tarentino, Thomas H. Plummer Jr., Patrick Van Roey.

18

=

Active site and oligosaccharide recognition residues of



19)

20

=

21)

22

—

peptide-N,-(N-acetyl-B-D-glucosaminyl)asparagine
amidase F. J. Biol. Chem. 1995, 270, 29493-29497.
Jian-Qiang Fan, Yuan C. Lee. Detailed studies on
substrate structure requirements of glycoamidases A
and F. J. Biol. Chem. 1997, 272, 27058-27064.

Lothar Laupichle, Carsten Endres Sowa, Joachim
Thiem. Synthesis and structural studies of asparagine-
modified 2-deoxy-a-N-glycopeptides associated with
the renin-Angiotensin system. Bioorg. Med. Chem.
1994, 2, 1281-1294.

Clay S. Bennett, M. Carmen Galan. Methods for
2-deoxyglycoside synthesis. Chem. Rev. 2018, 118,
7931-7985.

Yuya Nakatsuji, Yusuke Kobayashi, Yoshiji Takemoto.
Direct addition of amides to glycals enabled by

solvation-Insusceptible 2-haloazolium salt catalysis.

23

24

25

=

=

=

IR

Angew. Chem. Int. Ed. 2019, 58, 14115-14119.

Edward I. Balmond, David Benito-Alifonso, Diane M.
Coe, Roger W. Alder, Eoghan M. McGarrigle, M.
Carmen Galan. A 3,4-trans-fused cyclic protecting
group facilitates a-selective catalytic synthesis of
2-deoxyglycosides. Angew. Chem. Int. Ed. 2014, 53,
8190-8194.

Yusuke Kobayashi, Yoshiji Takemoto. Reactions
catalyzed by 2-halogenated azolium salts: from
halogen-bond donors to Bronsted-acidic salts. Synlett
2020, 31, 772-783.

Yuya Nakatsuji, Yusuke Kobayashi, Sakyo Masuda,
Yoshiji Takemoto. Azolium/hydroquinone organo-
radical co-catalysis: aerobic C-C-bond cleavage in

ketones. Chem. Eur. J. 2021, 27, 2633-2637.

TSR REACE 4538 (2022) | 183



