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Figure 1 Capsular polysaccharides of Neisseria meningitides (a) and

Streptcoccus pneumonia (b).
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Figure 4 UDP-glucose (a) and CMP-sialic acid (b).
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7)20,
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Figure 5 B-D-Gal-(lﬂél)-oc-D-Man phosphosaccharide repeat structure of Leishmania

(a) and a series of analogs (b-i).
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Figure 6 Repeating units of capsular polysaccharides (CPS) of Neisseria meningitidis

(a) and a series of their analogs (b-e).

Figure 7 Phosphatidylglucosides in the lipid fraction of Staphylococcusaureus and a

series of their analogs (b-f).
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Figure 8 Analogs of UDP-glucose (a) and UDP-galactose (b).
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Figure 9 Pmodified
glycosyl phosphates.

Scheme 1 Decomposition of glycosyl phosphatederivatives.

O) highly polar
_—y
X

decomposition t:O{

—. VVRTFEMT T e Zid, 20U VIRFPAEREBRD T EITED . Ak
DitsFE T 2 T DRI ERR LTS, — RIS, SLIRRVERRH T, oY
HYLZHIMEE 2 A9 5 T AWK E S B AMEEEZ AT 5610820, 4
IREOG DVE BT B9 2 3 2 B 21T 1T . D EARSr F- & DR EAEH DR 5)
FRILORLE, EEEOINFEEFEOMANRERERZFFSOZ LN, U VEF
DSLARHIHDH I 2B & 72 D, Fio, EHRMEMT L Lo 1-) V7T
B 7 OEFHIBNT S, U R A ORE S SRR E K AF L 72 JEBREME, Ml stk o
FHEOZTHDZITEZLOND, LEOHEHEBNDL, WO BRNIE X, SEAREFRY
(AR U RHERRRE 1-D VR T T D AFRRESRERE E R D,



U U R A SEARIEIR AL BB 2 il 53R 13 BZ AL 0 43 B CIIBEIC R AU ITAT
7T D 28,29 FERR T NEARLEER R e U VR B AR TR 1 IR Ok 4
IRAERREREOMEINICE R L, £7o, RIRBLL 0 & @O EERMHECIRIANE., & HITH
T RERE A AT 5T B WREE 2 FF o 2 L b | EFEAOIS MR DN AZAT b T
W5, LinL—KFT, B 1-V U Biiako ) VRF ORI 2P B X
S THIFE L72FlI3sE STy, T E TICHE ST 5 U VIR HERbE
1-V UEFERO AL, HARAR R — MERCHATa T I XA MEEDOR Y U
FHERE WD — B0k 1-V VRO A RTFIEICB W T, U VR OmAL
DOTFEZE | ALHEMBNMCEE 2 5 2 LI > Tl bl T\ b (Scheme 2).
L2, ZOFETIEH, UV UVRTFOSMBErZRIET s Z N TET, ZRETIC
ZD LD LT ERIEIZ Lo TR O 1-V V7 a7k, SUERBEEERES
MO FEERFHIHONOINTWD, Fio, BERIEIC L o TR T OSLAREMR D 7
Z O AEBEHRHN 21T o 72l S FET 208, BT IE o Te A RIIE N THE 61,
R EILFE R RV, 07D, U VRO NREIRA P EAR 2 B L 728 1-
U UEEHER DA RRIEDBRFEN RO 5TV 5D,

Scheme 2 Synthesis of glycosyl phosphates and their ZAmodified analogs.
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Scheme 5 Stereoselective synthesis of a-glycosyl phosphites and phosphoramidites.
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Figure 11 Tautomerism between H-phosphonates and phosphites.

Scheme 6 Plausible reaction mechanism of o-selective phosphitylation.
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Scheme 7 Synthetic strategy of monomer units via a-selective phosphitylation.
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Ph)_O toluene, 0 °C thenrt, 1 h Ph)_o dry ether, rt, 6 h Ph)_Q
2 3 1

94%

LML, 27 auds3HRARY D0 8 DMASIREKGTIEL, 8 DIEKITHER
ENTZHLOD, B 1 OEREMHRT D 2 EI1XTE T, MASRE R OEETE
PRVEI AR DRI S v 7o, BIIAR O BB RT3, R L, [RIEIZIX
EOLRNoT,

EREOERKIETIX, 8 DMK MEZAT 2 5 T2 DI RISISKEZ W TZDS . R Ol
ROABMTH D 1 BEDPIKGHE ST WARZERMLEW T 2 "TREME DS R
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SNTce £ T USRFRBAUOEMEITKEZ W2 NWFIEE LT, M2 A
TAH HFRARR— NFHEKLT I )TV a— L L a2 fEaT A2 LIcko> TAFH
YPRARY P UVREZEHISE, ANETDHRRT 1 FIALAI 215 0K 25 27,
ATBRIR & 72 2 AR AR R — NFEROMBERLICIZ, ~F 7 rvdus vy ey
WA VEEBEIRL, AKX 40X LB ERET LT,

A A =0 G Ay A= R ot - ¥ IAVLY S| %#H
KITHRD THRWVEFREIMEREEZET 52 L b E W IEE  (CF.),CHO  OCH(CFy),
BEEATHm. £, BBERICAERT D 2-~F 7 v 4 nm 4

AV TR )= DPEIN 5 CTHHT-0, RGITHIEBMERRETH D LV ) A
Thd, Zhicky, ItBESLT VAN DT L~ N 7T 7 4 —I2 L DR
BEE, BRI OIMKGEPREINOBMEER D 2 &7 mMEDKR AT 4 F
MERIE AT TED EE XTI,

Fh. HINETBARRT 4 FIULAIOME L LCIE, BEROR AR LT 37— |
FHER L oM, ZHICELTAEEE A L, 50T = = VAR A &\ H R A
AR — FHEER 5, 6 25kt L7z (Figure 12), 5 TliL, 5D 7 = = VAL F
LR TT 2= VERETDEHIRRN KON D T2, SARERMEIT 1
IZEDLEEZLNDN, ZZTE, 7 T Aa— VO AR ZRE G S 2T 5
ZE T3 EDMEAIENEZ VG D b2 MFff LT, 72, 7274 ROk
IFRIZ K DR AT 4 F AL 1L DA R TR I B B9 D AR —UIERE S
RInoToZ b SRR ERENFRK Lo T 2RANEHKEZ AT D H R AR
F— FEFEAR 1 ORSENTER LSRRV E WD aietk 2 Z 8 L HEREAEKRAHT 5
H- R AR x— NfEIK 6 #3%EH LT,

O\\P,H Oy H O\\P/H
,LQ _Q N
Ph Ph
1 5 6

Figure 12 Design of phosphitylating agents.

SCRREERN O FIEIZ KV . RAKRCT I 57— MiFEIK 1, 5. 6 DHIBRA 4 25H
L, ZNE 1T YEDT I )T a— L EREESEDZ LICL o TRIRAAT 4 F
JEFID A R %A T= (Table 1),

ZORER, 2RNANEHRERT D HE AR — MFEK 1, 5 (entry 1-3) (3% HF
TOEREBRTHZ ERTE hoTz, —FH, BRAEKAHET 5 6 ITEEMIC
1552 ENTEN, BEERIETICOET 2 2 E0n3bo o7 (entry 4), 2 HD
RN, 20X I RFAXRY P RARI D UVBERTHHRRARST 5 — MFEE
IHEECRD TREEREAEM TH Y | ISR TILE BN R AP R TE -
GICBLTYH., FETABBELH D 7 L 2 — VEE R ORI L > TENT
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FT KD TFIZED, IRMEOWBR TSRS 2D EEZBND,

Table 1 Synthesis of phosphitylating agents.

HO  HN—R!
Ph R2 . Oy _H
Q\P/H 2,7,0r8 (1.0equiv) o N_R!
(CF3),CHO” OCH(CFy), h)——LRz
P
4 1,5,6
entr amino reaction conditions target yield®
Y alcohol compound (diastereo ratio?)
1 H CH,CI,, rt, 30 min oy H -
N /P\
PR , o
2 —, 70 °C, D he 1 _
H
H \\P/
3 CH,Cl,, t, 30 min \—Q _
7 5
o M
HO  HN— Pl
4 Ph)— CH,Cl,, rt, 30 min O) p quant (52:48)
8 " 6

aEstimated by 3P NMR.

Z T CROGTR . BUNEIR Z2 itfa L7V K 9 | IR E LTHWS T F =
NUNEIMZ DD AP EEND T V32— VRO E 2R AT 2 A,
6 DI FRITRMETINH S 7= 72d | WK TREE O ROSICHWD Z & & LT,

1-3-2 AXYPFEARY I UE /) ~v—a2=v FDEK

SCHREEFN D 51T a ALEE 9 AR Lz, Z OB, BEE kS K OB KB L o R 5L
DG DE L L TiE, BB O Bk Do @R AR X 7 4 FAACLKISIZIB W T, FFIZ
EWICR SREBRIEDOBBDN R EIN TS, BnfRi#E/ L a— A2 RINLTz, 9
DALFHIRZENE A B JE L, ROSFRIEDO IR O Al £ U TR T AE U ER I
W, MO AT 4 F LRI 6 225 Lick»TC, E/~v~—2=v FOAK
Z ik 7= (Scheme 9),
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Scheme 9

Oy H
JPo
O N— OBn
(@)}
OBn PR g  (excess) BEQO
BnO 0 DIPEA (2.5 equiv) BnO /
BnO - OL__N
BnO MeCN, rt, overnight I?
' o}
9 10 Ph

R D 3IP NMR AX7 Ly HETHAXYFARARY D UFHERH
k& BONAMEICH—O T 7 F VBB S AT, M S RBLE ORFE T T2 - T
WAV, RATZ 4 FIALAI6 NEIE 11 DT AT LAREMTHHICHED
59, 10 OMIZZEDNAREMER E B2 SNV T T IVITHFIE LR -T2 2 LD,
oS, BT 7 ~—fi, AF Y VIRFONTIIZELTH, 7 A7 LA SR
ICHEITLZbDEEZBND,

L)L, 22 THEonkE/ ~v—2=v h101%, HFT 5 6 OFKIE L OBEN
REETHY | HEEZIXES o7z, Bl X 5 IR ZEMEDOK W 6 1XELY
WAREETH Y | BB RN ERMEORGT 21T 2 N TE R, 9 LIERERN
T L0 | AR T AU EORISSMEEELIZNEETH 5 LB R, BIRA AR
YT RT = MURAT 4 FICHNE 0D 2 & DR WERGREEORGHEATH 2 &
L7,

1-4 RAFIT IFA MEEAREZBERTSE /) v —2=y FOBEL

1-4-1 FAFa YT IFA FFEEEROER

AL, TOBIRMICAR L= ) 2 bR AR U7 ¥4 NEERET
TNV EREET A LI BB T OT ) v — LA T AR
RV UVBREEMRTDHHDTHD (Scheme 7-route B),

AIBRAR L IR DR AR DT I XA MFER 12 Oo-BIRBGRE HRYE L, AR
RV T I T MFEEER 1L ZHNTI UIE9 DR R T 4 FALEITIR ST
(Table 2), 7¢¥. Table 2 (o~ d yield X, YV AX NI T L7 u~w T T T (—
WL DL DOINETH D05, IR TIL 3P NMR (2 X 5188 217-> T\ 5,
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Table 2 Synthesis of phosphorodiamidite derivative.

O, _.H
(-PrN” NG-Pr); OBn
o 11 BnO 0
B R DIPEA (2.5 equiv) Bnc% |
I N
9 , NP
entry equiv of 11 yield
! 10 29% (crude)
2 5.0 239
3 2.0
4 1.2

T, PR CHENL STV D RUSSEREIZHEN, 11 2 10 Y2 W TR EITo 7
(entry 1),

ZOFER, 31P NMR (2 K 2 UGB B I1%, BUGR D E BRI D SRR K 72 1
TIRBII SN, ZOBDOV Y B TFNT T A a~ NI T 7 =2 LD REHE M
T, RARB YT I XA 12 PIKGERBACZ 2T 5 2 &0, BT 5kl =
D11 L DBERKREETH D Z EEOHMEANE LT,

ZO, BREEBEORIGIbE B E LT, AR T ¢ FILA] 11 D4 BESED
et 21772 > 7= (entry 2-4),

ZOREFR 11 & 5 UEHWGEIT S entry 1 [FEE, )OS IT o BIAYITHEELT L |
I HIT, entry 1 & B L THRAFT DRKIED 11 BN LT 2 10X - T, RIN
RN SRR B 12 # AFTHZ LN TEZ (entry 2), — 5. 11 DY E%
S LI S 72 entry3, entry4 Tld, 12 OERIMRD TELS | F o, UGSHERE
R, R TAR L2 12 BEERT R FRBIIcS N, 202 &b, 11133
TALHE 9 AR AT 4 FIALT HEENIINZ, FFRILTH D 12 DMK iR % BLE
TOHEFNEHSTND Z ENREINTZ, DL EORKFN D | FERERE TOIGRDK
TIERREN TR, MERRAFTe T I 4 A FNFER12 2 AT TEDE
AL LT, entry 2050 BHTHZ L L LT,

1-4-2 AFYPRRAKR) VT /) v—a=y FDOEHK
B LIZARARB T IXA MNFEER12 LT I ) T Va— L EfiaT 52 LI
Lo T 2B AMELAET ALY HRARI o/ ~v—2=v ; 183a DELE
A 7= (Table 3),
AL, 18al, 7/ ~—hCICHKT HELE (@p). FF Y VIRTFICHKT S
SR (transicis) #&fE+ % & Figure 13 2”77 4 flEEO BMARNE 2 B,
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oo, BETAHE /) v—2=v NI, atrans13a ThH D, B THKL
7z 138a (Table 4) #EHEY 7L & L, a-trans13a. LN, ZD7T /) ~—BPEk
TH DB trans13a [ZEI L TIX 3 PNMR IZEBIF BT I WLy 7 NOFFEEIT- T2
23, cis IRICBH U CIZRIENREE CTH - 7272 Table 3 (21X, HARY D 31P NMR
F ¥ — MIBIT D, B trans13a DIFELDOAGTEH L TV 5,

Table 3 Synthesis of oxazaphospholidine monomer unit 13a.

H
OB
08" PR o
BnO o PR, (x equiv) B%%O
BnO activator BnO
BnO O.__N

O.__N(i-Pr), MeCN P

P rt, 15 min |

o)

N(i-Pr),
12 13a Ph
entry X equiv activator concentration procedure q-trans-13a?2

1 2.0 1H-tetrazole (4.0 equiv) 0.10 M A 18%
2 2.0 CMPT (4.0 equiv) 0.10M A trace
3 1.0 1H-tetrazole (4.0 equiv) 0.10 M A trace
4 1.0 1H-tetrazole (4.0 equiv) 0.20 M A 28%
5 1.0 CMPT (4.0 equiv) 0.10 M A 0%
6 1.0 CMPT (4.0 equiv) 0.20 M A trace
7 1.0 DCI (4.0 equiv) 0.10 M A trace
8 1.0 DCI (4.0 equiv) 0.20 M A 16%
9 1.0 1H-tetrazole (2.4 equiv) 0.17 M A 9%
10 1.0 1H-tetrazole (2.4 equiv) 0.17M B 60%

procedure A : Mixed solution of aminoalcohol and activator was added to the phosphorodiamidite.
procedure B : Activator was added to the phosphorodiamidite, followed by addition of aminoalcohol.
2 |dentified with an authentic sample and determined by *H and 3P NMR.

NC H- A
T\ OTf HN” SN
O W
CMPT DCI
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/s, P/ N OA P/ N
\ |
(@] (@]
a-trans-13a Ph a-Ccis-13a Ph
OBn OBn
Bn0/$ol Bno/é;O
BnO '? nO '?
(@] O
Ph Ph
B-trans-13a B-cis-13a

Figure 13 Diastereo isomers of 13a.

P, —RICHE 1-) UBBEIROGKRFIED 1 DL LTHHONLARARRT
2 HA MEDORISSEMEIM N, 1 Htetrazole & FetiEMELAl & L6 2l dr 7z
(entry 1),

ZOFER, BOSBRHICBWTEHRARE YT 2 44 b 12 1TE#CHCHE ST
HERFDBIHI S 40, 18a & o B8RO A A RS S a7z hs i e KON,
SIUATNT T AT av NI T T 4 —IC XD HEEE B EOWERIZB VT, DK
ETRO PRI S VT, AL ERIFE T DIEYER > D3 0 T AN TTREBER)ICIE 72 6 & |
MKRGIRZARE L TWDHTeDOThDHEEZ NS, B EOE /) ~—=2=v |
X, HERMEEVMEFERLZERE AT D LWV ) ERER G ERoEGEE T 5,

F7o. AR O 3P NMR Fv— k26, B E T Da-trans13a Oz, 52
PARESR E b s v 7 ARl & e, B-trans13a S IXBR25 7 I vy 7

FCHHZE, KO, IHNMR 267 ) ~—(LDON Kb FIZaThH D EEZHND
e, T TARUTEEMERIZL, acdslda ThHDH RN REEND,

ZOREREZT . £T 18a DMK IFAMRIEET 2720, &R ITRAKROH)
HIED B A AT KRB EZ T 2 O TICIR OB~ HiEE2 R T 52 & &
Lz, 2Ol X, BENCEFETDLT I ) 7T a—LR, IREXEOHGE G % 54 H
WCPHETAZ LT AT, 7I /7 ha— LY E 2 1 YRICEEL, D5
I THRLNDa trans13a DY, K, SR LSRR DS e & @ WO SR O R
%4772 > 7= (entry 3-9),

F9. entry 1 OGNS, T T v a— vk 1 ¥EICEE LR T
TR FRAR DS KB HE N L, 18a DY E L KT L7z (entry 3),

ZORERIT. RTICBT DRGSR DAL EHL STz AR AR e 0T
IEA FHRERICHTAREREE LTCOT I T a— LK EDBERIGIC X
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HHDTHLZLERRLTEY, entry 3 Tk, 7 I/ 7/ a—/LOREKTIC
PR KRNI L7 b D e E 2 BN D,

INEEZBEL REEORELZ LH I 5 2 LT Ko TRERD SR & R T fE R
INEOUEN LA (entry 4),

F 7o, BIEEMHACAI O ET 21T - 72, 1 H-tetrazole X, R AF BT I XA MEIC
BT NTE R ALELT O ZDICHERA WV D D BRMETEME (LA TH 5, — I
RARBT I XA NFERICT T AMMEEMELA & U CREIZRVEEZ VW28
fB. N7a AL s P a R ABDMESE L 3435, P-N fi& 2 NEH LT 250
BIRST A INR=T DA FF 2 DERRITEED T )~ —{boNIK S if % D F|
DK E © 705 2 ERMBNTN D (Scheme 10), Z D7, ZhEE S NiE
Rz 7 m b ACEAT O W R8RS OBMEE 2 AT HIEMHELAINLE & S b,

Scheme 10 Mechanism of M-protonation and P protonation.

. i o) i o)
H W \ W
ﬁ:tivator + Nu
._
V%

/ O\ITd\lH(| Pr); O\ﬁ’/Nu
i OCE | OCE
\ /N(I Pr)2
o.
OCE\_@L WD s o
02 |+/ N(i-Pr), ) C:Nu NU
7 /B mixture

OCE

Z Z T, MeCN [Zk}F 2 S ERE L, 1Htetrazole K V) & 000U L
A9 HIEMALAIE LT CMPT (WV-(cyanomethyl)pyrrolidinium
trifluoromethanesulfonate) % . F7-. 1H-tetrazole & [FIfEE DM E LA L.,
TR WEMA LAl & LT DCI (4,5-dicyanoimidazole) %R L. Mgt &1T -7,
L)L, WTENDOLE BMKDRENFEERD & L THEON LR E T,
(entry 2, 5-8), ZiILLOMEI G, BAMIEMEALAI & L CTld 1 Htetrazole # £ 3
HT LT

2T, S HRDHIKRGIROIE 2 BRI E LT, 1 Htetrazole M X &% /| Mls &
ICEL LRGSR, 210 E TCOMFICITA LN > 72B-18a DA HERE S 4L,
R & U Tartrans13a OAERFENE T L7z (entry 9),

2T, MEINDISHEREND ., ZOBIGOBLEEZITH, ARG CTHRFT 5K
JOHERE X, TERDF AT a7 I XA MEICHET O THDH, B, 1Htetrazole
X0 N7 e hAbE T TEMH LSRR AR U7 I XA k12 DEMER K
JCHAETH LT TV U FERBE LT RKEETHLT I /T /ha— L EiEa L
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P-OfEELNP-NEENERIND LN LD TH D,

L2rL. entry 9 CTRIADAERDBPEHP SN TNLHZ b, 1208 P7a b Avbx
ZTTNDZENRRBREND, U VREFICTVA YTy I N2 58615
RAFa YT IXA NFERIL, 1 AT ORATRRT I XA NFERE g L
T, BROIMLHE S0 5 DOEFHGNRPRE ] U VEF EOBEBFHEEITRE
WeEEZOND, B, RAFa YT I XA FNFEERIL, U VR OIMSLE ) D
REVENE /) T I 44 MR L CEWZD, P77 e M AR VT v e T
BINb, LnL, RAKRaT IXA MEZHWFE 1-V U FE ARGl
TP DOIER DI 5T FRROISRNETYT I 44 M EROTEMALZAT
STWLHNZENTH, P70 b ACOETIZIE STV,

B, KESROFEE LT, RKEFETHDT X/ 7 /v a2 —/ViN 1 Htetrazole
E DT, W TH 5 MeCN (ZxF L THEHAME O 2k 5 }: WO ERZET O
b, I T, ZOZENEEND P71 b AGICER S TW D ATREMEZ ZE L |
BAEFIHO RE L 21T o7, BARMIZIE, 121 L TP IHtetrazole Nz,
RPTHEICT F TV Y REBRSELRIC, T I 7 a— Mz TRISETTR
ofc, TORE., BEROAERITTEEITHH S, PRIZHAM & T Do trans13a
#1552 LN TE 7z (entry 10),

INHDRERNE, LD ENBLEIND, 7 I UL 7 -7 1 Htetrazole
%, Ak 1 Htetrazole "G T 5 X0 59V KRENEZATHZ EDRMBNT WD,
1Htetrazole & 7 X /) 7V a— L N—EEFEK LIZIRETHR AR YT I XA
NERIS LIRS, RHRTIIHR AR T IXA b N7a hovfulke P7a b
etk & R EERREICH D, = 2 CTHO 7Rk 2 A9 5 1 Htetrazole 3 A& LT
WIZEa . 7 N7 U RIZEETNCHE O BRNIERIR b DB UG RICE > TY
VEEEANLEE L A IR AATF U NERT D, EDT ) — KRB
B L CHAELIERAR DT I XA MFBEERPREKEL TR T ¢ F LR
HATL, w12, B12 0137/ ~—BEaWME LTERK LD, BEERYOT 7
~ BN o EB X BND, — T, 121279 1 Htetrazole Z /M2 724
A IEMERT 2 U RRRENESHIZAERKT 5, U VR FIZHEA LT tetrazole
IZIRWVE T REMMEEZ AT 57D, ZHUZ L T tetrazole DN L=V VT LD
MNLE OB FEEIRT L, UV UVREFORENMET T 5, D7D, P7'a
N ALDIINH S A INR=T WD TF A #RET 257 ) ~—{LOEITHE
EINTLEBEZ LD (Scheme 11, Figure 14),

U EDOETL V. entry 10 (ZRT UGS KO, #EFIEIC LD . &b o
WoBIRD AR IS 5 Z LN TE T,

L L—FHT, WITNORIGRIZEBW TS, stk & Bbiv s BERO Ak 2 1
T 2B EIXTERholz, ZTOZENL, KRBEOLXIIZ, RAFa YT IHXA
RNFERIZKILTCT I ) T a— NV EESEDLZ ETHEXH I RARY VU
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IR T A FiETIX, trans R, cis IKOZENNAERR T D ifEOIEM b= v
XN — @RI EKT D Z IR CTH D Z PRSI

77*4
—o

Scheme 11 Plausible reaction mechanism (anomerization).

OBn OBn
BnO Q BnO Q)
BnO BnO
BnO BnO
i ) |+/N(| Pr),

O\P/N(I'Pr)Z

N(i-Pr), N(i-Pr),

P-protonation

llH-tetrazoIe
/ O\\P/H
i “ONG-P),

OBn (i-Pr),N

BnO Q

BnO
BnO +
O _CNH(-Pn, N
I|D BnO O\
N(-Pr), BnO

N-protonation

I I N (i- Pr)2 N(| Pr),

'\{\ l/
N—N
BnO
o Bno : ﬁ N(i-Pr)
(@) \ / I-FT)2
Br‘s‘%& =N Oup N P Bno B
BnO l \N N(' Pr),
O\P/N\% N(I Pr),
|
N
NN
N—N
oa-13a B-13a
a-13a
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N(i-Pr), |

N,
N(-Pr); T(,N
N—N

poorly P-protonated

OBn
BN X
0] n N=
B%?,O BnO @ AN
BnO @ O\P/N\/
O\Fl)/

Figure 14 Decrease of electron density at the phosphorus atom.

EBOEH 2 7uunFdXY P RARY DUBEAE AV ARE

R ORF NG, £/ ~—2=y FORFK Y VJRFOSERIZBE LT, ARk
DOIFE T, REMBIEDOHE KT D VARRIEEZ BRI I 572010, THOFF
PWRARY P UBEAATLHEREREDOT ) ~— (B ATHLERNH D L&
Zbhd, £z, BHETHE /) v —2= v MMILKBHELEH R EEREEEHT 5
ZH b BT RISERITFEATT DERMER T DMK IR~DFF 503, PEROIK T %
FIERZITEZEZIOLND T e EWEMESFHF T TERARAT 0 FIUULZIT O FED L
DEFE LV, 22T, BLEDO XS G2 A E LT, 7/ ~—(LIZiF
BRI EZHTOHERE, 227 ooV PRARY PUFERIC LY | T
HEMFUETARRAT 4 FUALT 2 FEEZRAD L L L, AEDOFH THR R &
B, ZOFEIT, BBRSEOFXFT Y RARY VAEIBWT, B/ v —a2=
N DOSAREIRIERIEE L THLNLORETH 5,

AKFIECZBITDRAT 4 FALHITH D, 2-7 v a AP RAKRY O UiFER
IRFY VIRTFEAT S, IS 2 OFFERIE, WRP A 4203 ) VIETIC
S U REZ I L B A8 0 BT = 212 50 RD TV TR EE I & 2 ST AR R
ROBREMET2 D, L L, XV FRARY D UEMERFRE LTHRENS
NARBETDENS . 2SO BRI, BB E TR AT 0 FIBERIG OTE M
BV F—ZEZENE LT D, ZOFRE. AISICL>THEOLNLG A XV RARY
CURBERD Y VR ONAREFT ., F ORF B IEIART U 72 8 EE R A A3 AT
BRTHDZLRHEINTND,

FCHEHT, “RAMEOAZ M ELFTHE /) ~v—2=v M, LBROEK
ERRIZ BV TR BN ARRINA 72 R A 7 ¢ TR OEIT R E STV D, Z
D=, “BRAMEDOAREMIEELET HE /) ~v—2=y hOGEE BT AL
IZBWTH, U VRS DOSR LR EHIE L2 A VPR AR U O U FFER D A kA
MrFCX 5,
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2-1 BEFEERDT ) ~—KBEEREEL T EIHRRT 4 FLRR

LR OFIEERET )~ LDOHRAT 4 FIALEIZEHT 5 L THEE 72 5 D13,
WS T ) DS  HIE T 2 0 WA R TH D, T~ — LIS K
WaJL % B9 HHEFEMRIL, BRMESRME T, RS TOWT oIS B k)
T L, SEAICE) PRI E R IR AWK T 5, 202 Enb, T/ <
—LZERE DO KR 2 T HHER G Z JE & U SRR SR I, — RIS R 5
Th D,

L)L, o7 ) ~—IKBgHZ KRR L LT2AR A7 4 FIALRISIZE > T, a-
W 1-V EEHEAR A B SENIC G R LT B S 72 DS B AFET 5 3639, ZD—fiil & L
T 7 )~ O KR FE A2 H T Do~ v ) — AHERESARREEF TR A7 4
FE L, -~ ) VIIVRARB DT 2 XA MFERESTWDIEREND D
(Scheme 12)37, AEIEH|I T, T /) ~— (DN FED IR I N T AEB O
—D L LT, ENR~Y ) —RAFETHDLZ EOMERBEZOND, —fKIT~ )
—AFBEMRIL, TR A 2HAKBEEENT T AFEICH D Z Ik
HDANARBE TR G ., 7 ) ~—RIERE COFHERRREICB W T, afktb RN Emn o
ENRBENTWDS (Figure 15),

Scheme 12
AcO OAc

AcO—_ OAc AcO O
AcO 0 (i-Pr,N),PCl, DIPEA AcO «
AcO .
« CH,Cl, 1t, 6 h O, N(-PT)

OH

N(i-Pr)
72%

(@) (@)
BnO -Q BnO ’
\I
OH

0
Bno Bno ~ORN

steric hindrance

BnO OBn BnO OBn
BnO -0 BnO -0
BnO A} BnO OH
‘ p
OH

cancellation of
dipole moments

o isomer > B isomer

thermodynamic
stability

Figure 15 Two isomers of 2,3,4,6-tetra- O-benzyl-mannopyranose.
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fih 5T, a-Z Vv a—AFEAT DHEHEIRICKT DR AT 1 FIALD LR GRFY
THITT AP HHE I TS (Scheme 13)39, = Z Tli~ >/ —AFHEARTHR S
N5 LD IRE TR CE RN RAT 4 FIALDOEE N T /) ~— 5t
fEDEE % K& < ERIAGEIC, HEWE DT /) ~—H O SR LFE 2 R FE L 72 KOG
DETHAFETH D EEZX LN TVD,

Scheme 13
1) Diphenyl phosphite, pyridine, BnO
BnO rt, 20 min . BnO e)
BnO o] 2) Et;N/H,0 (1:1, v/v), rt, 15 min BnO o
BnO a BnO H
BnO O‘P’
OH 4O *TEAH

LEDmAND, HEWE L LT, SEEEFERIFLE O m\ O ok O R FER 2
T2 AT 4 FIACRISEAT 9 2 LIC XV o BIRSUS Z R E T & b a BRI
E%k?éﬁ%ﬁ%ﬁxﬁj//mﬁw“k%@?éikﬁﬁﬁfﬁék%ﬁb\
LI ORRE 21T 2 72,

2-2 T I)w—KBEOKAT 4 FMUZELBZTFIIFRARI I E ) v—=2
=y NDOERR

2-2-1 ~v ) —RFEIK, S a—XFEKDKR AT 4 FILk

T, v —RAFEEROBRAT 4 FbERALT, bk L HIlT, v~ —R
FRERIT BT T DVRE T RN D, kBT W EWIME—EEAT D,
F 7o, FEKEBREORELIZIT, AifiE TOMSTHW TV Bn &2z, Bz
BE@BIRLT-, KIS, BREMETHD Bz iz, XV INR=T L hFF
ERLZENTHIWEEAET S, b, B 1-V UERFFEAROBRNIEEI D OE
FHEIC L DY oA XTI ay NSO ZMEIT 2R 2HT5 2 b,
HEY &3 28 1-V VBFH SR FI LR EREO W ER#IfFTE 5,

AR, AT O XK 9 R I&IHE - TIT > 7= (Scheme 14),
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Scheme 14 Synthesis of monomer units (&p)- and (Sp)-13b—c.

Cl RO

RO OR
-0
RO O(F\)’ I|3 RO
R04§E:': P EtsN (7.0 equiv)
+ N N
RO 3_0 THF, -78 °C then rt, 30 min o 'Fi’
OH or 5

Ph
14b: R=Bn (4S,5R)- or (4R,5S)-3 (Rp)- or (Sp)-13b: R =Bn
1l4c: R=Bz (3.0 equiv) (Rp)- or (Sp)-13c: R=Bz

74% - quant

BEAI D JFIEIZ L » TEAL LT 14b, 14c X, £ < OHBAITE W T 90%LL LS afk
Thotr, THIIMZ., L DHRT, RAT 4 FIMURIERICER LT ) ~—2
%yF@mwwéﬂm%¢14iw%ﬁi?é&W5F%ﬂ%%hiw14@TX7
o4 TS ITEEMICHEIT L TV D72, 24U, triethylamine (TEA) |
7/7~Mﬁﬁmu%5LTWé_k%ﬁ%#6oa%@%#ﬂﬁibtﬁlkb
Ti%. THF o TEA f#4E F & W 9 & TOFARIRBE IRV T, BTBRIA 14 Dafkd
BN Lo m B L7=mlReME. £7203. 7 v VI RICIFET D 2000 Bz FEDAL
REEEIZ LD, ﬁ%wﬁ%%%%xf)VV%&%&HEKHML%&%%@@&
SN S, R D RIZBUE MBS HEST L 72 W RE “ﬁ%z%mé E )
VIR ONAALFIZBE U CIE, R E R R ﬁﬁﬂi@@ﬂ% HETL, 20
MR B E TR EE AT DE ) v —2=y hEEMETEDL Z LN T
7,

F7o, AIEITIE, BREMEOIRR T, HMARY TIZE DB DRI &5
ZONHE /) v—2=y NOZEPEH I NT-DIZx L, Scheme 14 ® X 912,
WHMERE T TR LT/ ~—2=y ML T, #iff L=t B0, BiLERE
TONBNKRIEICIE SN, S50, LK DEREBAEKR LIZRICELTH, £

SYBECRRED L. @GR ORI iR 72 )~ —2 =~ 1 (Bp/Sp)-18b,
(Bp/Sp)-13c * AFTHZ LN TET,

WRIZ, ZVva—RAEgEaT5E /) ~v—2=y NOAEKEIT-TZ, ZZTiE, W
ﬁa?/?~u@4¢m%@ﬁ”%ﬁﬁ%mawoﬁﬂ& b,

F7. BnfriERL H, AR T 4 FIAUCKISEIEIZBIT 27T 7 ~— B RE D
b z#E LTz (Table 4), BEABUSIZE D AR L2, ol = 79:21 @ 14a % HibKE
KL, MSM&3’i5T274%wmﬁm%ﬁot#% Ma@7/7~£@
IREE 2 TITHERF L7- P = 80:20 D(Rp)-13a M35 H a7z, & Z T, Hismmiklc
BMEARIRAGY CTH D 14a 05, al R EENICRH S ES 2 LI i@\Ma®¢%
LML LxE2 2 & & Le, BERMIZIZ, AcOEt 726 0 Ik U IS fh &
1TV, alp=96:14 D 14a Z BT CINE R AT 4 FILRISIZH W, Z D5
K. TEAGFET EVWO T ) ~—(LOERMENCOETHRBREINARKMEICHL D6
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T, BUGE 14a DS LSAAGHIE 2 131 THERF L CHEFT L. oip = 94:6 D (Rp)-13a
AR LT,

Table 4 Anomeric ratio of glucose derivatives before and after phosphitylation.

BnO
ono 0 SNy
) n
Br|130o 0 n O/P\N Et;N (7.0 equiv) BnO %, _N

o THF, -78 °C then rt, 30 min R
OH o o

14a (4S,5R)-3 (Rp)-13a Ph
(3.0 equiv) quant

diastereo ratio® (a.:)

entry
1l4a (Rp)-13a
1 79:21 80:20
2 96:4 94:6

aEstimated by 'H NMR.

ZDORERNG RRIZBITDHHRAT 4 F b, 7/ ~—(LORMAL & ik LT
TR OSSR EZA L TEBY . AibRA 14 07 7 ~—BMREL, ART DA%
PRARY P8R 18 07 ) ~—BIERIIIZIEN SN D 2 & RIE S iz,

ZOMEHERAEZIT DT IV a—AFREAETAE ) v—a2=v & LT,
BB FE DAL Bz 225 WA X TP RARY O UBEROAREIT- T2
(Scheme 15), 7235, Bz b2 IR L-FHIL, ~ >/ — A EARZ AV 7=/
ZiE L. Bn RN L i U C Bz fREFEO TN LENE, FidmtEnm <. B
KO THDID, Tz, BITEKT 5 2 BEIRORKEEILZ K hifR#EST 5 2 &
PRI ANTZ ET, Bz O EFNRE L TWDH EBEX 72D THD, fH L., Bn R
BEE IR . Bz SREHOFMEMIZIE. AcOEt LY ¢ Hexane/CH2Cle IR A VAL
D FHE LT,

£, v ) —ABBEROBEEICIE, TEAICL 57 ) ~— (b allk B iRy 7k 2
7 4 FIBICAERI ThH > T-DIZxt L, AZTITRBMA L T2 14 ©OF /) ~— 8K
e ROGHT: THREFSE D Z 8N, alfDltROEWE ) v —2=v N &155 LT
HIETH D7D, 14 O THF Wi %78 CIZBIR L7=%ICTEA 25 &) F
NEAZERH LTe, ZORER. BRA T 4 FIALKIGITE &R DOBCIET L, Kk
A T7 /) ~—RBUERITISIEREF SN, £, v ) —ABKREATDHE /)~
—a=v Ak, DEARLTBEO KBS IIERBEORBE CH/ET 52 &8 T
= BIHARICR TN RME A O E W ) ~—2= v M RplSp)-13d # AFT 5
T ENTE,

27



v )= AEE K, IV a—AFEERTHE /) v —a=y FERORE R E
LR @ Table 5 127777,

Table 5 Synthesis of oxazaphospholidine monomer units.

Cl (0]
o I:|) (RO)4§/
~ N Et;N (7.0 equiv
(RO) + QN MU eq) o, N
THF, -78 °C then rt, 30 min P
OH \
Ph

0
Ph
14b-d (4S,5R)- or (4R,5S)-3 (Rp)- or (Sp)-13b—d
(3.0 equiv)
diastereo ratio
entry 3 product R Man/Gle yield (%)

trans.cis  f?
1 (485K (Bp)-13b Bn Man quant >99:1  >99:1
2 (4R59 (Sp)-13b Bn Man 74 >99:1  >99:1
3 (4S5R (Rp)-13c Bz Man 90 >99:1  >99:1
4 (4R59 (Sp)-13c Bz Man 83 >99:1  >99'1
5 (4S5R (Bp)-13d Bz Gle 67 >99:1  97:3
6 (4R59 (Sp)-13d Bz Gle 65 >99:1  >99:1

aEstimated by 3P NMR. For isolated product.

UEDOKELD, v~ /) —RAEHERTLHE /) ~—=2=y FOAKICEE LTI,
ATBER 14 oAl O B 2%, TEA FE FICB T 57/ ~—{b2d, ok
72 S DEATICARNZIX DW= Z Ik, O Tt RO NE ) ~—=
=y NEARIELZ LICHHILI, —F T, I Vra—RABEEHT5E ) ~v—=
= FOERRICE L TE, R AT 4 FIARITENL D, FfEEEIC Lo TESEAIC A
S 7oK RO EORIBRE 14 %2 IRIBSEE T, SRREFCHR A7 4 F o b
HZ LWL ST, LR OEWEHBYOARKREER LTz, 72, WThoTt /)~
—a2=v M, AF YV VEFICE LTI, SERIERIRAY S 2 8% TH— Offtsef STARED
ErxALTW5D,

IS OFIEICBIT HHEAD 1 > Th > - EELERICBIT 5 B oK iR
X WEMORSSREEZBRA L Z ik v S, &612, £ 0BEA/ITIEE
OIFET, KSR T CTOEAUTPEREZRET D EN T, Zhicky, Kk
AL Table 5 (27~ 7 K 9 72 IR EFAICHIFL2E ) v —=2 = M, BAFAR
WETHEOND T v hak, LT HZENTE,
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2-2-2  N-acetyl-D-mannosamine 58K D K R 7 4 FU{k

v ) AERERTHE ) v —2=y POBRIZIBNT, 7 F T ¥ L ICAL
&9 5 2NKEEFEDSARE TR T /) ~— (L O AR{LF 2 |3 5 ECTEE,
BRI LT, ZORREZT, MIEREORELHECE ENoPURIERE L
THILILAHKE 1-V i 0 IR LS DB H Th 5 NMNacetyl- D-mannosamine %%
EKERWEE ) v —a2=y FOASRBICHEH AR TH I NREAET 52 & & LT,

T, BIBRIROGRIEE LU FIZRT (Scheme 15), 72k, & Z TIXRICHEY >
R DR 21T 5 Ga 2B BIC AL, 6 (/KEREZ | BRI ARFE FTRE 72 MMTr
HAZE o THRIEL T D, T2, 2 BFEH O B2 LTI, —fRICHE/KIRE D Bz 1k
ICHWW B LD BzCl & WSR2V T, 220D NHAce 23 ECH»IC Bz b L7z
T UNARMNBAR L, $ OMEEOEFE T Ac FASEINAIZBLEE L < 2-NHBz £235
HILD EWD T I SR DOHET BRI S 7u7z (Scheme 16), £ 2T, K%
BEWRZRW-, L OERRSM TRIGZITV, ZhEIC iR D /KR ELR IR A 72
Bz (LS EEAT T 5 Stk & fifesr LT,

Scheme 15 Synthesis of 2-deoxy-2-acetamido-3,4-di- O-benzoyl-6- O-MMTr-D-

mannopyranose.

HO— NHAc . MMTrO—_ NHAc Bz,0 (6.0 equiv) ~ MMTrO—_ NHAc
HO -0 MMTrCI (1.3 equiv) HO -0 DMAP (0.07 equiv) BzO -0
HO% Aﬂ pyridine HO& Aq pyridine BZO% Aq

15 OH rt,5h 16 OH 50 °C, overnight 17 OBz
MMTrO—, NHAc quant (2 steps)
40% MeNH, / MeOH BEZ’OO§ 'O:
THF z
-30 °C, overnight 14e OH
86%
a:f=81:19

Scheme 16 Transamidation of 2-acetamide group.

HO NHAC Bz _Ac BzO NHBz
HON|-O Bzcl 220 N . BzO\~Q
HO pyridine  BzO >~ Bz0
OH OBz OBz
15 18 19

B ONTop=81:19 @ 1de ZHIBEA L L. URB9-8 R AT 1 F/ALAlIL LT
T /) ~v—a2=vy FOAKEFIT 7= (Scheme 17), TDFER, 7T/ ~—(LDOILIRIL
IR D~ > ) — AFFEAROFI & FEE, AR T 4 FAALOEE T LV ofHLF N
Mkl ap=98200F /) ~v—=2=v hREBMIEONTZ, £/, AFV VET
DN LT SOSIESEARIRICHETT L, B & T Dk m Bl E 2
T5E /~v—2=v ;Sp)-13e M EULFHENDENLABIRAIAG iz,
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Scheme 17 Synthesis of monomer unit (Sp)-13e.

MMTrO NHAc

BzO -0
MMTrO—_ NHAc cl BzO
BZO/%l‘O: P Et;N (7.0 equiv)

+ O N N
BzO w_J THF OAP/ .~\“\\
OH o % -78°Cthentrt, 2 h }) .
14e (4R,55)-3 (Sp)-13¢  Ph
a:p =81:19 (3.0 equiv) guant
o =982
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BTE Y UVRTESR 2 BET v S OBMEARK

BN EFRIMEDENE )~ —2 =y N2V, U VR TERE -
VIEFHERD 2 BIRDO G E AT,

U VR FAE AT DA HERREIC I, i, RUREESOEREEZER L, &
NHIE, R, B 1-V VEEOWT O U VIRHEMAERAR E L CHLHER D%
W, REOREFERFETH D, ZNHEBIRTHEBEE LT, 7, AERIC
BUEABENETHL Z ENET NS, 2t RAREKIZE TS Y >~
R ORLD TR Z, fifb, 720387 MUICEE T 5 2 LIk > TIHERRE T S
B NELND ENIEBILZELEORETHY AV RARY D IEORR D
T, ZTORMTHLRARTO T IXA MNE, HARARF— MERE, $EkY) VIR
HEMT T r S AR TAFEELTALNI VTR FIECBWTHLERD D
ETHD, T2, b9 1 OOEBE LT, 0 O(LHEHFEDE 1 H 7 - A 2
Fos, fiskiE, REOFRBKEILETH Y ETIOIEUT IMEEZET 5, 7.
RUFRITY VT & ORICEAAE S ZTER L, s P>BHs BHCIZ 03 4 U
5o 2D BEIFRTORDVIZ, Y VERFICHESCA U FREEA LIZHERE,
KIBIDOBAWEMATHD EE 25, SHICFm TRz BY, mUyEEL
LEMTEE LCY VR FICEA LR 1-) VBT a ZICB L TR, R L
L CEmWMB PR ZERE AT 52 L BB b TN S,

U EDOBEENG, U UL ONRAEER I Sz 7 ) av bR ARa F 4o —
NRER, 7Y as RS ) RAT = — NEEREZSRRIENE LT,
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B ZVavilRT )RR Tz—F 2EEOERK

7YV aAINVRT ) RAT 2— bk 2 @&EOGHKIE, LLTORKIZIEN, O €/~
—=v b EMOPEFER L DA, © KT /b, @ REMBIZEDERED 3 B
% #%C1T-> 7= (Scheme 18),

FEAKEEIE DOLRFERITIT Bz AN L7, 24U Bn ZEONRESRETH 5 PA/IC
R & U 7o AKFRIIND IGGFRFIZB N T, AR T /) AR AT = — MFERBE IS
AR TZ bE3ND 2 ERBEEINTTDTHD, DD, Scheme 18 T,
(Rp/Sp)-13c. (Bp/Sp)-13d %/ ~v—=2=v F & LT3,

Scheme 18 Synthesis of glycosyl boranophosphates.

0

(o] (BzO)s—v
(B20) 4 Sy \ ﬁ
20a or 20b (1.0 equiv)

o,,NP/N CMPT (2.0 equiv) NH \/F;‘\O
\ MeCN 0
0 i,30min [ N\ \\/

(0]
z (520)3_& R2
Ph Ph

L R?
(Rp)-13c-d ((Sp)-13c—d) (Sp)-21c-d ((Rp)-21c-d)
(1.2 equiv)
r o) . o)
(Bz0) = = (Bz0) =
BH BH
1 M BHg-THF / THF o 3 removal of o 3
(10 equiv) ~ ~/

<\NH Sp\o chiral auxiliary ) \o

MeCN o) e

r, 40min - [ N\ \\_/ g/o ;/O

= (BzO)3 \’ﬁ/w (BzO)3 "Q'/RZ
Ph

1
(Sp)-22c—d ((Rp)-22c—d ) R (Rp)-23c-d ((Sp)-23c-d) °

BzO OBz
BzO -0, BzO 0
BzO BzO
OH HO— 0Bz BHs BzO BH;
B0 o BzO O o\ 7 o\ ”
BzO SPh Bz0 :P\ _ SP\O
OBz SPh o © o OBz
BzO O BzO -Q
Bzoksph BzO

OBz SPh
20a 20b (Rp/Sp)-23c (Rp/Sp)-23d

E /v —2=v N EFEET DHEFHERII, O REEN NS @SOS
AT 5 6 (LI EREDOKIEFE A AT % 20a, 20b Z384R L, ERMEISME(LANCIL, 2
BEOF XYY RARY P AEOMBIZB W Tk ST b
N-(cyanomethyl) pyrrolidinium triflate (CMPT) %% L7z 4041, CMPT i, 7
= VR METETEAL A & 138 0 | SREZMEDME S Do, W 2 A3 o ik
IEMALAIE LT SINZLOTHY, 2 Hnbs itk T, B/ v —2=
v N DONARMEFERIRE M B 72 o D Z L 72 < MR RIC I EITT 5 Z E N H LT
W5,
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FOSOBHNE, 31P NMR IZ X - TiTo72, TOREE. 1 B H OMiE s DO
BT, B/ v ==y FOBEOME LM TR, EEMICE & T D%t
SABEEFTHHRAT 7 A MFERNAERL TWD Z ERBIIES T, £, 2
EefH o BHy THF 12X 2487 Z(LOBRRICEA L Th . MUSITESLHIZHEIT L, &
A7 7 A FHEROEE, KO, RT ) HRAT7 2— bk b = 2T IUROEEN A
PR 2SHERE S ATz,

1-1  ARFEMBEERE O FMmEt

3 BB H OARFMBEREDOREIT, AF VI HRARY PRI LDRT /R A
7 = — bk DNA D& 2 ERARRICEBIT 2560 & L THE STV D &1k,
EKIEFEME T CIT - 72 32,

WRIZ X D AFMBEOREZT, AFMBEo v Y VU RIRDERFTF3 X
UL DIRFHEREKE L, 7T VU PUREER LOOBEET 2 &0 5 B TRE
SN TW5 (Scheme 19),

Scheme 19 Plausible reaction mechanism.

ro. B
~p

base) N B
H O/ OR'  removal of chral auxiliary RO #

P
ll\l"/-\ J \v P or
Ph Ph e}
QW

iR oOMEHITIE, EERTH D 1,8-diazabicyclo[5.4.0lundec-7-ene (DBU) %
HONTAFHEDORELIT o TV DO, O Tl R REORFI 21752 & & L
Too ZOWFET, —HOBEAEH LI2GAICR T 2 RONBENBIH S iz, Zo
ZEMD, REMEORmWER LM L7256 EEPRUREZREREST L LI
K BWAR T 2L EITT B ATREMENRIR STz, & 2 C, HEEME, REM DR
7Bt DR LA L, &bIREAFMBENBBEL, 2»o, AT /{bd
EATH SN D RIFEOKREF 21T > 72 (Table 6),

728, entry 1 ZFRW 22 TOMEHEL, 31P NMR (2 X » TS DORRRFZEAL % B B
LTED, WINLKIEHEFIREIZE S22 L 2R LTI, PO 2H
HLTW5b, £z, HR%WE L L TiE, EiC Scheme 18 (278> THAAK L7 22¢ %
AT one-pot THWTW DN, WTFNOBFHIRBW T, 22¢ DEREN LA
IR LT 5,

X & LT pyridine & W2 UG Tk, HAERD O 31P NMR 227 ML I 0 |

Hs
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A0%E B DHRAT 7 A4 NHEERPNAERIEN S (entry 1), pyridine O REZE
BICK DA T JALOEITR R S N7, L0 ROV 2,6-lutidine % H
WTCRRED RS ZAT o 7203, FH CIIARF B E OB IBH ST, AT 1k
DETOIAPHER S 7= (entry 2),

WA REEPEDME < L 5> pyridine X° 2,6-lutidine & bbi U CTH LMD & TEA,
N, N-diisopropylethylamine (DIPEA) % H\\\ 7= )&% ik # 7= (entry 3, 4), TEA
W OB TR, REMBEOBEE, WA 7 (bR IIET T 28038l S
7z (entry 3), F7=. DIPEA % HW/= )& Tid, PR 7 AL OETIXER S du7eh»
ST, BIGD T0%FLEE CREFREE L 70 5 7= (entry 4),

Table 6 Reaction conditions for the removal of chiral auxiliaries.

BzO OBz BzO OBz BzO OBz
BzO -0 BzO -0 BzO -0
BzO BzO BzO
BHj BH;

RN p/ base Ol P/ + O P.r‘
NH g _— LN NH g
\\/5 MecCN, rt s © \\/o
w~~"" Bz0 0 BzO O w~"" Bz0 O
TDh BzO SPh BzO SPh ’E’h BzO SPh
OBz OBz OBz
(Sp)-22¢ (Rp)-23c (Sp)-21c

reaction conditions
entry 22:23:21°
base equiv time

pyridine 10  overnight P

1

2 2,6-lutidine 20 overnight 85:0:15
3 TEA 30 overnight 8:77:15
4 DIPEA 10 overnight 29:71:0
5 DBU 10 1h 0:100:0

aEstimated by 3P NMR. ®Not monitored.

PLEDOFERIZR L, DBU # HWRSTIE, BRI E 3 B REHBIIEDORLEEN
JSBRAETE 5 4y DI TN TERE L, A 7 2 UIFBH & e d o 7=, ot
T, —RITREENMRNERL & LT aREEZHWEGAIC S, KOGSOEITIC
e DN TR T MRl SN2 L 2B 205 L. ZofE%EIE, DBU
DRSO/ SN2, BRI & T Db 20N FEfE S 2 o m S b EE
ThdreExLND,

UL EDOBRD S, REMBIEDOREICH NS HE I DBU Al Th o Z Enb
N T,
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1-2 RBREOKRE, &1 2 BEOINER K OSSR EE O 24

BRREAERDOERIL, FE Y BNV ERW AT A7 a~ NI T 7 4 =28 -
TATo 72, U, ONAEROMEEIETIZR L2\ B O EN ., & D% D
fi. MO VBTN AT L7 a~ NI T 74— LHBRHOBERETRLND &V
O FIENE U iR R AT DAL B DRI 5 LT D Z &0
MBI, 22 TELLNLEREEY & LTIE, REMBEOERESENET
o,

Z 2T, MEATORMZEET, S5, B TH LR T /AR T = — FNFER
D &5 REDOEVMEE M D I 2 ) T AR FE S TREE T, ST, RSy
Th D2 DERBEORHEIT -7, £ OE, KELERIZR T 25 B O3
fil &z, Fio, Lo REEO® S, BHWW & OB NE 2 R & LT,
T LRI TH H BHs THF OFEAFD MRS S L7z, A%, BHs THF 138U %
ARERMEA M TH D = &6, KK Tl BHs THF & HE9 OB < | 0B
DR CH -T2 ENREBIND,

Z T, Il REEE LA ORI AT O BRIZITH WD 2 L o v gz T
J3EEAET D NH-V Y B 7 v EmiEy ) 7o Bicb&F i L, BHy THF %W
EISHLZLITEY, WMERART )R AT 2 — N 2BEKEBLZ IR LT, 72
B, FET Y B VIE, DBU HROEREEZRET HT-OICHLETH DL Z L0 b,
ZDOHEERFRBEMC BT e e hank Lz,

VLB 15 2 hilifb 24T - 7= FEIC £V | a-D-Man-(1-26)-D-Glc. a-D-Gle-(1-~
6)-D-Man Hfits 4795 (RplSp)»-23c. (BplSp)-23d DARAEIT 1=, 1o, LRk
W) DSIARAE R OFEIL, TH NMR O 7’1 7 7 A V& SRR clik L, A
VIZER D AW T VR T 5 2 Lk > TiTo 72 (Figure 16), £ilZ
MVOBBEINER . RO, SRR 2 LU T o Table 71277, 723, 23d Otk
72 5oD-Gle-(1- P6)-D-Man O 1%, FEMIR B Leishmania OFEA « W H v
ST PICEENDHIMETH D, ZOLI I WTROT Y LR KA
= — FFERIZBE L T mICEDDENLIREIR N 72 2 BIRT -1 7 O5 RS ERK
Sz,
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( (Rp)-Man-PB-Glc | | (Rp)-Glc-PB-Man |

Rp:Sp>99:1 Rp:Sp>99:1
\' R { )
e s
| (Sp)-Man-PB-Gic | | (Sp)-Glc-PB-Man |
Rp:Sp>1:99 Rp:Sp>1:99
TSNy
T \w| T 1 T T 1
6 5 4 6 5 4

Figure 16 !'H NMR analysis of diastereo purity of (&p)- and (Sp)-23c-d.

Table 7 Isolated yields and diastereo purity of dimers of glycosyl borano- phosphates.

diastereo ratio®

entry target compounds yield (Rp:Sp)
1 (Rp)-Man-PB-Glc (Rp)-23c  79% >99:1
2 (Sp)-Man-PB-Glc (Sp)-23c  76% >1:99
3 (Rp)-Glc-PB-Man (Rp)-23d 77% >99:1
4  (Sp)-Glc-PB-Man  (Sp)-23d  96% >1:99

2Estimated by 'H NMR.
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B VavisRAFnFF—k 2 EBEERKOERK

TV AT )ViRT JRAT 2— s 2BEOBARIZ. AT )V ARAT7 2 — 1 2 BIKE 1T
IFRBEDLL T OBRIIZHEN, D £ ) ~—2=v F LMOFFFEE L DS, @ i
b, @ ARFMBIEDORED 3 B2k TIiT-o7- (Scheme 20),

Scheme 20 Synthesis of Glycosyl Phosphorothioates.

>0

3
0 GROVEN
(RP0),~ g ]
20a, 20b, or 20c (1.0 equiv)

N CMPT (2.0 equiv) N

O'Il e P.
1 NH \
R MeCN \\/o/ o
(o] rt, 30 min W A/o

R (R3O)3—‘A|/ R2
Ph Ph

N
N
N

Rl
(Rp)-13b—d ((Sp)-13b-d) - (Sp)-21b—d ( (Rp)-21b-d) -
(1.2 equiv)
(R°O)~y, (R30)4H
- S S_
sulfurizing O, // DBU O\ $
reagent NH \\p\ (10 equwz /p\
Lo ° MeCN g o
' 3 e} rt,1h 3 (0]
= (R O)3WR2 R 0)3H/R2
Ph
R | 1
(Rp)-24b-d ( (Sp)-24b—d) (Sp)-25b—d ( (Rp)-25b-d )
BnO—, OBn BzO—, OBz OBE
BnO -0 BzO -0 BzO
BnO BzO BzO - ~
OHO o S or S o §S
BnO NS NS P
BnO SPh P P< I~
OBn g ° g © d © OBz
BnO O BzO 0 BzO -Q
BnO SPh BzO SPh BzO
OBn OBz SPh
20c (Sp/Rp)-25b (Sp/Rp)-25¢ (Sp/Rp)-25d

E£9, B/ ~v—=2=>y b & LT Bnfri#, mifkilZiZ N, N*dimethylthiuram
disulfide (DTD)42 Z{#FEH L. 25b D& kA A 7223, 31P NMR (2 L 5 S BER O
fES ALBEFFIZ B W THIEO RIS N ERR L, DRI TORKE E 72> TnAD 2
LT,

2-1 "SRR
DTD ZHifbHl &35 U VR ORALE IS OFEIX. U VIR OINSLE 1% DK

BHEEIZ LD DTD OV A7 4 NGO, AU LY AR Lo ds 2 4
=7 LHERICKS % DTD HRDT =F L FOREH B 2R TEITT 52525
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LT 5% (Scheme 21), DTD Z 7K AFaF 4 — MEERO S FOBRE TCHW- ML
BT <AEAE L. BALOWFRIZI T D EISOSOETIIHE SN TRV, 202
EMDH, ARTHBHI SN TODHGIE, HE1-V U IBH B E OO TH L lhE
PHERHY . LLFD 2380 OFIKISHENRE 2 5iud (Scheme 22),

O FEEITCKRIHUONED T ) ~—RFBIHT DT =F L FRO KL E

@ AXYIUNN=G DATF AL DOERICHD Vo AF 27 ) 2 RiEGORR

Scheme 21 Sulfurizing mechanism of DTD.

X
0 H Sy i 0 1SN o)
= T =X 5/ =
o s " ool H/ o} //S
~g DTD N NTERN
P P _— P
N ™o NH /™o J ~o
o % ~O o 0 % -
Ph Ph Ph
Scheme 22 Plausible mechanism of side reaction.
S
’SJ\N/ ]
t :O s H O) s
o /S)L”/ )} s
® o H
NH \/P\o O decomposition @ NH ;?/\O
Ph Ph

22T, LA RO MBSO REEORR 1T o7, FLAICIL, DTD
LHRILT, KO BUSAERANCHEITT 5 T L AT 5 POSH, Sy &R L
fo Elo. BKBIEORBICL, ©F ) — AR EOTFHARREL LS TS 2
LERAME LT, THEEIETHS Bn I DY . EFRIMELETH S Ba 1
MV IERE 2AT > 72, 5 R% BT 0 Table 8 1277,

fifbANZES L CiZ, DTD < POS < SsDAEIZKIGRDUEEN LS4, 512 Bn
PRI LC Ss 2 L725% (entry 3). KON Bz fRi#EFEIZx LT POS £721%
Ss ZffiH L7=% (entry 5, 6) Ti%, FIISOEITIZFZERITIH S, EERH
I DERPHER ST, 2O Z D RAKR= T AHPRARNEZ ORIGH LY
B, NI HI A~ EFEINDHALRIENE L TV D 2 ERbhoTz,

F72. entry 1-2, entry 4-5 ZZNFNHILT H Z &LV, PiKEILZ Bz i
& L7z entry 4-5 O BRISUSDOEEATHEIH S TWD Z &b oTlz, ZDFEER
RN TOZ &b Dd, Bz RibiL, Bz OB K515, Bn (RFEHE
KV 7 ) v—REFEOBEBFELEMES, KEFEREV, BIG, RIKIS2Y Scheme
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22-O O THEIT L TV D56, Bz IRl Bn RaEHE & it LT, K0 203
IET DR ER D ENTRIND, —J7TLEIKIED Scheme 22-@0 X 5 (2
I X NN WHFF 2 DERITAE O HiE THEIT L TV 2354, Bn (Rl &
Bz (Rl L A T B L LAY IR LD FF U RNREENEND Bz
REFEZ W= R T, OSRIFEESINDS Z DR THEINS, 2D & ERROEER
FEREEZ 20D L. BIISOHMEIL, Scheme 22-@QThHh 25 Z ENRIBSILD,

Table 8 Reaction Conditions for Sulfurization.

3

R'O—  OR® [ R°O— OR ] R'0—_ OR®
R3O -Q R?%O/% ~0: R3(%O O
3 R
RO 20a .
o,,,P/N _CMPT O\P-‘ _Isl, O\ //
\ (NH P~ ,\
o) 0
\\/ RO 0 \ AR o
Ph 2, RO SPh
OR3®

(Rp)-13c: R®=Bn (Sp)-21c: R®=Bn (Rp)-24c: R®=Bn
(Rp)-13d: R®=Bz (Sp)-21c: R®=Bz (Rp)-24d: R® =Bz
(1.2 equiv)

sulfurizing product ratio

entry R® diastereo ratio®
reagents  of 24c—d?
1 Bn DTD 46% b
2 Bn POS 80% b
3 Bn Sg quant >99:1
4 Bz DTD 87% -
5 Bz POS quant >00:1
6 Bz Sg quant >99:1

?Estimated by **P NMR. "Not determined.

e P

DTD

PLEoOREE RNz, BRLEFRICEB T 5 POS OFE#E & HE9W & D4 Bl K
THDHZ LHEZE L, FKREOMFH#ERIC Bz K4, i bi3KIC Ss 2 V554t
D Cd 5 & FGamft i 7.
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2-2 &KFE 2 BEDINE R OSLALZEHIHIEE O FEAH

PLED X S \ZRiEb 2T > 7= B L 0 | AiilFEE. oa-D-Man-(1-26)-D-Glc,
o-D-Gle-(1-P6)-D-Man #i&i &2 H 3 % (Bp/Sp)-25c¢. (Rp/Sp)-256d D E R %17 - 7=,
SEARIBIRPE DT, 31P NMR O ~7' v 7 7 A /L& BMRR T+ 5 Z Lz k-
TiTo 7= (Figure 17), ZAVEI DO HBEIE, KON, SCAKLFERIE %2 LR @ Table
9ITRT, ZDEHIZ, U av RAFeTFto— MFERICBELTH, WTh
b AR OB 2 BT u ORI ER S,

[(Rp)-Man-PS—GIC] [(Rp)—GIc—PS—Man] f
Rp:Sp>99:1 I Rp:Sp>99:1
557.30 | 558.14
i
L L L T T — T T T
70 60 50 40 70 s0 50 40
[ (sp)-Man-Ps-Gic | : | (Sp)-Gle-Ps-Man |
I
i
: >1: i >1: .
Rp:Sp>1:99 556,07 Rp:Sp>1:99 | 55800
] _
L T N A S e B S B (L L L L I B
70 §0 50 40 70 60 50 40

Figure 17 3'P NMR analysis of diastereo purity of (&p)- and (Sp)-25c-d.

Table 9 Isolated yield and diastereo purity of dimers of glycosyl phosphorothioates.

diastereo ratio®

entry target compounds yield (Rp:Sp)
1 (Rp)-Man-PS-Glc (Rp)-25c 82% >99:1
2 (Sp)-Man-PS-Glc  (Sp)- 25c  80% >1:99
3 (Rp)-Glc-PS-Man (Rp)-25d 77% >99:1
4 (Sp)-Glc-PS-Man  (Sp)- 25d  73% >1:99

2Estimated by *'P NMR.
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AR TIE, AT HRARY D AEEISH L, U URE o -5 1-V Vg
FERDOFHNIRRINE R FIEORELEZHNE L, £7, XY FRAFY v
T v—a=y hORRIEOHSL, T LT, TRERAWEEL DV v EHEMT T
" DEREIT> T,

(3 —%5)

T/ v—a=y FOERICBT 28EIT, HOT ) v —RF, LOARFY VT
DAL NT IV S HE S A7 | SR L F AR e A PR AR U O U
KeigsrZ Lt ThoT,

INEFRT 2720, £ 1 OHOEMKE LT, ¥EDT /) ~—A(LOSLARFIHENC
REY T, 3 EHED o BIRIKR A 7 4 FIALKIEZ BT 5 2 18 O&IEER
Bz, EOFRER, WTHOFES, FREEOFIRNLZENER, RA T 1 F LA
Sl D 45y Bl IR #E 70 78 O AR R, RS RGBT T o B W OISR Kz B Lo
R ZTND I ERDLY RO A IV RAR) VT /) v—2=9 K
DAFIZITEL 2o T,

ZI T, INDORFN AL, FREBS XK R 7 ¢ FALFI O, X
SRS T A MR ATEN LT 2 DH OGS LT, 7/ ~— (ISR KB L
EHETABEHYARE -7 na X RARY DUBERICL > THRRAT 4 F L
b2 FiEERR T, KFETEH, BEOMENS, ARMOARF I VEFDNK
AT S5 Z ERMfFESNDLR, —FH T, BEOT /) ~— (L OSLARHIE 23R E
Thole, T, v/ —RAEHREAETLHFHEMRICEAL TE. 7 v LV HFRICHE
1532 2 fKEEFEDSIAREE TR L0 SEARILFRRIE O @ o RO A% P78
ARV VR v—a=y ERELNT, £o, TV a—RERERT HBERIC
B L Cld, RFHEORRT 4 FIALRISDOEEN KRBT 2T ) ~—(LD
BMEALOBEE & L TR RENWZ EEFIH L, HREmEICL T, PHufk
BN SR AR AR L LTHWAS Z LIk, 7/ ~—hLD Bl
IR EHEDPICE ONMEBROME DO XY P RAKR) Vv E® /) v—2=v b &
B/BHZENTE, £72, 1 DHOERS CRIBEE 72> CO R RIELE Co B O
KA RIE, RSB AW RNEICEFE L2 L iIc kvl S, EHICF 0 OE
FEC, ENTHET 2 BIREZRE L, SR L FHIME L K0\ LS5 2 L3 AlhE
ThdHZEenbhrolz, DX FEEZBEATHZ LICLD . mOAREFR
MEOFXYPFRARY DT ) v—2=y N ORISR FIENHESL SN,
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(55 %)

A LTEAXF TP RRARY DT ) ~v—a=y FE AW FFHFERAKRY P
EIZE DMLY U2 BIKT a7 OEEITole, U VIRFIE AT D E Ak
I RV FEEZFOERELZRIRL . 7Y a2 VAR T JHRAT7 2 — bk 2 &K,
77U 3NV ARuF AT — | 2 BEOGHEZRAS T, TORR, £/ ~v—2=y
N EOBEFER L OFES T, B/ ~v—2 =y NOSNIE{LFE AR L CHET L.
B & Dk NAARBLE 2B T DR AT 74 NFEROERDP IR Sz, Fiz,
ZOHDOBEFICEHLTH, 7V a3 bR T ViR AT = — MFEKROAK TIX, AT
JIEOWBEAEE D T & 72 SRR FMBIELRET 52 L O TE I EDOM
e, 7V a R AReF AT — MNEEROGETIE, VorAdFo 7Y ad Nk
GORHEEMNS LA < BALRUL D EIT T D LS, KON FEKREOLRH#ELD
BEt 2170, WP b RER S EZMESL LTZ, & 512, &% ORIGH O ARY
I8 END o BEREE 72 IR ORI 2 DRI PR BT 2 HEER RS © R CReNr L
776

et S -7 1 k a/LiZfiEvy, o-D-Man-(1-26)-D-Gle. a-D-Gle-(1-26)-D-Man
WiEr2 AT 55 SHEHD 2 &BIKT Fu /a8, TNE1 3P NMR, F7-0%
TH NMR % H W72 SERAE AR OFEM 21T > 7o iR, Wno 2 ERIZE L T
t . EIR D OE NSRRI 22T a0 S OB PR ENT-Z E N otz, 2D
FERN S| RFIEDN, BEHEOMEEC, U VR I8 AT 2 (LA E AR O fEEE I K
FEP, WHEOEWLDOTHD Z LR ST,

AWFFETHENL SN FIEIC LY . 7. HERE O RS HEC T AN B ok
AW s R PFEICEENDHHURRERE L THOLN 580 IR UEED %
B L2 ) VIRFERT T u 70 F ONAREIR SRS FRE & 7 b, 2L DT T
2 70E, e R D ERANONE 1-V SR OABIEMERBUCE T 5 F R E 5 2
D, U T ARG TR0, B D WITHE Y RSP E SR OERS & L TOFH
LHIFFCTE D, o, AR TAREEKR L TS X972 2 BEREREDOHEDT T
27T, PURORESE & OFMMEL TS e ATRE L 70D, Eo, RFENE
gL LTCWDAFRYIRARY O kid, by o558 CREICEME~DIGH b
HBENTWDZ D, REEOEIEZ AW T, AFELZEME~NERT S Z LIk
D xR EEZBT LAY A~ —OEBREE 70D EWIFRFTEX 5, 2D LD IT,
AWFFRORIIL, £V ROREERLGEM ST ORKRICERT 2 b0 LS5,
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General information

All NMR spectra were recorded on a Varian Mercury 300. 1H NMR
spectra were obtained at 300 MHz with tetramethylsilane (TMS) (§ 0.0) as an
internal standard in CDCls and CD3CN. 13C NMR spectra were obtained at
75.5 MHz with CDCl; as an internal standard (§ 77.0) in CDCls, or with CDsCN
(5 118.0) as an internal standard in CDsCN. 31P NMR spectra were obtained at
121.5 MHz with 85% H3PO4 (5 0.0) as an external standard. ESI mass spectra
were recorded on an LTQ ORBITRAP XL. All the reactions were conducted
under an inert atmosphere. Silica gel column chromatography was carried out
using Kanto silica gel 60 N (spherical neutral 63—210 um or 40—50 um) unless
otherwise noted. Analytical TLC was performed on Merck Kieselgel 60-Fas4
plates. Dry organic solvents were prepared by appropriate procedures prior to

use. The other organic solvents were reagent grade and used as received.

Experimental procedures

2-0x0-3-methyl-5-phenyl-1,3,2-oxazaphospholane [6].

1,2-amino alcohol 8 (15.2 mg, 0.100 mmol) was dried by repeated
coevaporations with dry pyridine and dry toluene, and then dissolved in dry
CH2Cl: (1.0 mL) under argon atmosphere. Bis(fluoroalkyl)phosphite 445 (39.7
mg, 0.10 mmol) was added dropwise, and the mixture was stirred for 30 min at
rt. Then CH3CN (1.0 mL) was added, and the residue was repeatedly
coevapolrated with CH3CN to remove generated hexafluoro isopropanol. In this

step, The residue was concentrated to about 0.50 - 1.0 mL each time but solvent
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must not be removed completely except the last concentration, otherwise the
degradation of 6 was observed. After concentration, crude 6 was obtained. This
material was used without further purification. 'H NMR (CDCls) & 2.79 (d,
Ju-u=10.5 Hz, 1.5H), 2.85 (d, Ju-5=9.9 Hz, 1.5H), 3.28-3.38 (m, 2H), 3.54-3.72 (m,
2H), 5.46-5.51 (m, 0.5H), 5.61-5.65 (m, 0.5H), 7.441 (d, Jp-u=664 Hz, 0.5H),
7.442 (d, J»-5=668 Hz, 0.5H),

31P NMR 6 20.6, 22.5

2.3.4.6-Tetra- O-benzyl-1- O-[(5R)-3-methyl-5-phenyl-1,3,2-oxazaphospholidine-
2-y1]-a-D-glucose [10].

OBn

BnO o]
BnO
BnO /

10 Ph

Mixture of 6 (1.0 mmol) and N, N-diisopropylethylamine (DIPEA) (87.1
ul, 0.500 mmol) in dry CHsCN (1.0 mL) was added dropwise to 946 (0.200 mmol)
at rt under argon atmosphere and stired for 12 h. The mixture was then diluted
with CHCl; (1.0 mL), and washed with a saturated NaHCOs3 aqueous solutions
(3 X 5 mL). The washings were combined and extracted with CHCls (1 X 5
mL). The organic layers were combined, dried over Na2SO,, filtered, and
concentrated under reduced pressure. The residue was then purified by silica
gel column chromatography [NH silica gel (Fuji Silysia Chemical, Inc. DM1020
100-200 mesh), hexane-ethyl acetate-triethylamine (81:16:3, v/v/v)] to afford 10
(impure). 31P NMR & 140.1

Bis(V. M-diisopropylamino)phosphine oxide [11].

O. H

N Ve
(-Pr),N" N(i-Pr),
11

Commercially available bis(N, N-diisopropylamino)phosphine chloride
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(5.34 g, 20.0 mmol) was suspended in freshly distilled diethyl ether (80 ml). The
mixture was added dropwise DIPEA (6.97 ml, 40 mmol) and water (0.360 ml, 20
mmol), and stirred for 2 h at rt. Then the reaction mixture was filtered to
remove insoluble salts and washed with brine. The washings were combined
and extracted with CHCls. The organic layers were combined, dried over
NaoSOy4, filtered, and concentrated under reduced pressure to afford 11
quantitatively. "H NMR (CDCls) § 1.25 (dd, Ju-u= 21.3, 6.9 Hz, 24H), 3.48-3.62
(m, 4H), 7.19 (d, Jp-u=549 Hz, 1H). 3'P NMR § 7.47

2.3.4.6-Tetra- O-benzyl-o-D-mannose-1-yl bis(N, M-diisopropylamino)
phophoramidite [12].

OBn
BnO O
BnO

BnO

O\P/N(i-Pr)z

I
, NP,

Mixture of 11 and DIPEA (1.60 ml, 9.17 mmol) in dry CH3CN (36.8 ml),
which was dried over MS 3A for 12 h, was added dropwise to 9 (3.67 mmol) at rt
under argon atmosphere and stired for 2 h. The mixture was then diluted with
CHCl; (10 mL), filtered, and washed with a saturated NaHCOjs; aqueous
solutions (3 X 20 mL). The washings were combined and extracted with
CHCl; (1 X 20 mL). The organic layers were combined, dried over NasSOs4,
filtered, and concentrated under reduced pressure. The residue was then
purified by silica gel column chromatography [NH silica gel,
hexane-triethylamine (98:2, v/v)] to afford 12."H NMR (CDCls) § 1.12-1.23 (m,
24H), 3.52-3.62 (m, 3H), 3.70-3.79 (m, 2H), 3.97-4.03 (m, 2H), 4.44-4.94 (m, 8H),
5.37 (dd, Ju-u=10.4, 3.0 Hz, 1H). 31P NMR § 117.4
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2.3.4.6-Tetra- O-benzyl-o-D-glucopyranoside-1- O-oxazaphospholidine Monomer
[13a (Table 3, entry10)].

Ph
13a

11 (102 mg, 0.132 mmol) was dried by repeated coevaporations with dry
pyridine and dry toluene. 1 H-tetrazole (18.5 mg, 0.264 mmol) in CH5CN (0.55
mL) was added to 11, and then the mixture was added dropwise to 1,2-amino
alcohol 2 (23.4 mg, 0.132 mmol), which was dried by repeated coevaporations
with dry pyridine and dry toluene, at rt. The flusk of 11 was washed with
CH3CN (0.10 mL) and the washing was also added to the reaction mixture.
After stirring for 15 min at rt, The mixture was then diluted with CHCl; (5 mL)
and washed with a saturated NaHCO3; aqueous solutions (3 X 10 mL) and
brine (1 X 10 mL). The washings were combined and extracted with CHCl; (1
X 10 mL). The organic layers were combined, dried over NasSQy, filtered, and
concentrated under reduced pressure to afford crude 13a. This material was
used without further purification. 3P NMR & 149.3

(Rp)-2.8.4.6-Tetra- O-benzyl-a-D-mannopyranoside-1- O-oxazaphospholidine
monomer [(Bp)-13bl. A typical procedure for the synthesis of (Bp)- and

(Sb)-13b-d (Table 5).
BnO OBn
BnO— % ‘O:
BnO

O//,P/N

|
o

(Rp)-13b N

2,3,4,6-Tetra- O-benzyl-o-D-mannopyranoside 14b (108 mg, 0.20 mmol)

was dried by repeated coevaporations with dry pyridine and dry toluene, and
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then dissolved in freshly distilled THF (1.0 mL) under argon atmosphere.
Triethylamine (0.19 mL, 1.4 mmol) was added, and the mixture was cooled to
-78 “C. A 0.67 M solution of the (4R, 59-2-chloro-1,3,2-oxazaphospholidine
derivative (45,5K)-330 44 in freshly distilled THF (0.90 mL, 0.60 mmol) was
successively added to the solution, and then the mixture was stirred for 30 min
at rt. The mixture was then diluted with CHCls (10 mL) and washed with a
saturated NaHCO3 aqueous solutions (3 X 20 mL) and brine (1 X 20 mL).
The washings were combined and extracted with CHCls (1 X 20 mL). The
organic layers were combined, dried over NasSQOy, filtered, and concentrated
under reduced pressure. The residue was then purified by silica gel column
chromatography [4.4 g of NH silica gel, hexane-ethyl acetate-triethylamine
(80:16:4, v/v/v)] to afford (Bp)-13b (166 mg, 0.22 mmol, quant) as a colorless oil.
1H NMR (CDCls) § 7.39-7.14 (m, 25H), 5.80 (d, /= 6.3 Hz, 1H), 5.63 (dd, J= 7.5,
1.8 Hz, 1H), 4.89 (d, J = 5.4 Hz, 1H), 4.80-4.70 (m, 2H), 4.64-4.44 (m, 5H),
4.10-3.96 (m, 3H), 3.88-3.75 (m, 3H), 3.66 (dd, J= 5.4, 1.2 Hz, 1H), 3.61-3.51 (m,
1H), 3.16-3.03 (m, 1H), 1.66-1.56 (m, 1H), 1.19-1.03 (m, 2H), 0.96-0.83 (m, 1H).
31P NMR & 150.3. 13C NMR (CDCls) & 138.5, 138.3, 138.2, 128.7, 128.5, 128.4,
128.3, 128.2, 128.1, 127.9, 127.9, 127.8, 127.7, 127.5, 127.4, 127.3, 126.6, 126.0,
125.2, 92.3, 92.2, 82.6, 82.4, 79.6, 75.2, 75.1, 74.8, 73.4, 73.3, 73.2, 72.5, 72.2,
72.0, 69.0, 67.5, 53.1, 50.7, 47.2, 46.8, 29.7, 28.1, 26.6, 25.9, 20.6. ESI-HRMS
ml z caled for C4sHa9oNO7P+ [M+H*] 746.3241, found 746.3244.

(Sp)-2.3.4.6-Tetra- O-benzyl-a-D-mannopyranoside-1- O-oxazaphospholidine
monomer [(Sp)-13b].

o
=

(Sp)-13b

Crude (Sp)-13b was synthesized from 2,3,4,6-Tetra-O-benzyl-
a-D-mannopyranoside 14b (162 mg, 0.30 mmol) and (4R,5.9-3 following the
typical procedure described above. Then the residue was purified by silica gel
column chromatography [6 g of NH silica gel, hexane-ethyl
acetate-triethylamine (80:16:4, v/v/v)] to afford (.Sp)-13b as a colorless oil (166
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mg, 0.22 mmol, 74%). '"H NMR (CDCls) § 7.40-7.12 (m, 25H), 5.73 (d, /= 6.6 Hz,
1H), 5.59 (dd, J = 6.9, 1.8 Hz, 1H), 4.88-4.44 (m, 8H), 4.09-3.76 (m, 6H),
3.70-3.67 (m, 1H), 3.62-3.49 (m, 1H), 3.23-3.12 (m, 1H), 1.65-1.55 (m, 2H),
1.22-1.12 (m, 1H), 0.98-0.85 (m, 1H). 31P NMR (CDCls) & 156.0. 3C NMR
(CDCIls) & 138.6, 138.5, 138.4, 138.3, 128.5, 128.4, 128.2, 128.1, 128.0, 127.9,
127.8, 127.7, 127.5, 127.4, 127.3, 126.6, 126.0, 125.7, 125.6, 125.5, 80.0, 77.2,
75.2, 75.1, 75.0, 74.9, 74.6, 73.3, 73.2, 73.1, 73.0, 72.9, 72.5, 72.2, 72.0, 69.3, 68.9,
53.1, 50.6, 28.0, 26.5, 26.1, 26.0, 20.6. ESI-HRMS m/z caled for CssH49NO7P+
[M+H+] 746.3241, found 746.3246.

(Rp)-2,3.4,6-Tetra- O-benzoyl-o-D-mannopyranoside-1- O-oxazaphospholidine

monomer [(Rp)-13c].
BzO OBz
Bnoﬁ '0:
BzO

O/,,P/N

|
o]

(Rp)-13c Ph

Crude (Rp)-13c was synthesized from 2,3,4,6-Tetra- O-benzoyl-
a-D-mannopyranoside 14c (299 g, 0.50 mmol) and (4S,5R)-3 following the
typical procedure described above. Then the residue was purified by silica gel
column chromatography [12 g of NH silica gel, hexane-ethyl
acetate-triethylamine (80:16:4, v/v/v)] to afford (Bp)-13c as a white form (363
mg, 0.45 mmol, 90%). 'TH NMR (CDCls) & 8.09-8.03 (m, 4H), 7.96 (d, /= 6.9 Hz,
2H), 7.83 (d, J = 6.9 Hz, 2H), 7.61-7.24 (m, 17H), 6.19 (t, J = 9.9 Hz, 1H),
6.05-6.01 (m, 2H), 5.82 (dd, /= 7.7, 1.8 Hz, 1H), 5.69-5.67 (m, 1H), 4.73-4.63 (m,
2H), 4.41 (dd, J = 12, 3.0 Hz, 1H), 4.07-3.98 (m, 1H), 3.72-3.60 (m, 1H),
3.29-3.17 (m, 1H), 1.72-1.62 (m, 2H), 1.28-1.19 (m, 1H), 1.08-0.96 (m, 1H). 31P
NMR (CDCls) § 148.4. 13C NMR (CDCls) & 166.1, 165.4, 165.3, 138.2, 133.4,
133.1, 132.9, 129.9, 129.8, 129.7, 129.3, 129.1, 129.0, 128.5, 128.4, 128.2, 127.5,
125.5, 91.4, 83.5, 83.3, 71.2, 70.0, 69.6, 67.7, 67.6, 66.6, 62.5, 53.1, 47.3, 46.8,
46.0, 29.7, 28.2, 26.6, 26.0, 20.6. ESI-HRMS m/z caled for C45H41NO11 P+ [M+H"]
802.2412, found 802.2416.
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(Sp)-2.3.4.6-Tetra- O-benzoyl-a-D-mannopyranoside-1- O-oxazaphospholidine
monomer [(Sp)-13c].

(Sp)13c

Crude (Sp)-13c was synthesized from 2,3,4,6-Tetra- O-benzoyl-
a-D-mannopyranoside 14¢ (130 mg, 0.22 mmol) and (4R&,59-3 following the
typical procedure described above. Then the residue was purified by silica gel
column chromatography [5.4 g of NH silica gel, hexane-ethyl
acetate-triethylamine (80:16:4, v/v/v)] to afford (Sp)-13c as a white form (147
mg, 0.18 mmol, 83%). '"H NMR (CDCls) & 8.09 (d, J= 7.5 Hz, 4H), 7.94 (d, /= 8.1
Hz, 2H), 7.85 (d, J = 8.1 Hz, 2H), 7.62-7.23 (m, 17H), 6.20-6.13 (m, 1H),
6.05-6.01 (m, 2H), 5.79-5.75 (m, 2H), 4.70-4.59 (m, 2H), 4.49-4.45 (m, 1H),
4.13-4.05 (m, 1H), 3.70-3.58 (m, 1H), 3.32-3.21 (m, 1H), 1.71-1.60 (m, 2H),
1.31-1.21 (m, 1H), 1.06-0.93 (m, 1H). 3'P NMR (CDCls) § 155.5. 13C NMR
(CDCls) & 166.0, 165.3, 165.3, 138.0, 138.0, 133.3, 133.2, 133.0, 132.8, 129.7,
129.6, 129.5, 129.3, 129.2, 128.9, 128.8, 128.4, 128.2, 128.1, 127.4, 126.5, 125.9,
125.4, 92.5, 92.3, 82.8, 82.7, 77.2, 71.2, 71.1, 69.7, 69.4, 67.0, 66.7, 62.6, 53.0,
50.5, 47.1, 46.6, 39.4, 28.0, 26.4, 25.9, 20.5. ESI-HRMS m/z calcd for
CssHaNO1: P+ [M+H*] 802.2412, found 802.2412.

(Rp)-2.8.4.6-Tetra- O-benzoyl-a-D-glucopyranoside-1- O-oxazaphospholidine

monomer [(Fp)-13d].
BzO
BnO*%iE:;q
BzO
BzO

O/I.P/N

|
o)
(Rp)-13d ~ Ph
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Crude (&p)-18d was synthesized from 2,3,4,6-Tetra- O-benzoyl-
D-glucopyranoside 14d (597 mg, 1.0 mmol, o:p = 93:7) and (4S,5R)-3 following
the typical procedure described above except that the reaction mixture was
cooled to -78 °~ C before triethylamine was added in order to avoid
anomerization. Then the residue was purified by silica gel column
chromatography [21 g of NH silica gel, hexane-ethyl acetate-triethylamine
(86:12:2, viviv)] to afford (Bp)-13d as a white form (658 mg, 0.82 mmol, 82%, o
=95:5). TH NMR (CDCls) 6 8.06-7.87 (m, 8H), 7.53-7.08 (m, 17H), 6.27 (t, J=9.9
Hz, 1H), 6.09 (dd, /= 9.3, 8.6 Hz, 1H), 5.89 (d, /= 6.3 Hz, 1H), 5.78 (t, J= 9.9
Hz, 1H), 5.36 (dd, J=10.2, 3.6 Hz, 1H), 4.74-4.62 (m, 2H), 4.45 (dd, J/=12.3, 4.5
Hz, 1H), 3.99-3.90 (m, 1H), 3.55-3.42 (m, 1H), 3.08-2.97 (m, 1H), 1.64-1.54 (m,
2H), 1.15-1.06 (m, 1H), 0.92-0.79 (m, 1H). 3P NMR (CDCls) § 152.6. 13C NMR
(CDCls) & 166.1, 165.7, 165.1, 137.9, 133.3, 133.1, 133.0, 132.9, 129.7, 129.6,
129.1, 128.8, 128.7, 128.5, 128.2, 128.1, 128.0, 127.1, 126.6, 125.9, 125.2, 90.4,
90.3, 82.2, 82.1, 72.0, 71.9, 70.4, 69.1, 68.7, 67.6, 67.5, 62.6, 53.0, 50.5, 47.2, 46.7,
39.5, 28.0, 26.5, 25.9, 25.8, 20.6. ESI-HRMS m/z caled for C4sH41NO1:P+ [M+H*]
802.2412, found 802.2413.

(Sp)-2.3.,4,6-Tetra- O-benzoyl-a-D-glucopyranoside-1- O-oxazaphospholidine

monomer [(Sp)-13d].
BzO
BnO— &O:
BzO
BzO

Oa
oN
|
o)

J

\\\\

b

oW
>

(Sp)-13d

Crude (Sp)-13d was synthesized from 2,3,4,6-Tetra-O-benzoyl-
D-glucopyranoside 14d(485 mg, 0.81 mmol, o:p = 94:6) and (4R,5.9-3 following
the typical procedure described above except that the reaction mixture was
cooled to -78 ~ C before triethylamine was added in order to avoid
anomerization. Then the residue was purified by silica gel column
chromatography [NH silica gel, hexane-ethyl acetate-triethylamine (80:16:4,
viviv)] to afford (Sp)-13d as a white form (424 mg, 0.53 mmol, 65%, o only). 1H
NMR (CDCls) & 8.05-7.89 (m, 8H), 7.52-7.15 (m, 17H), 6.27 (t, J= 9.9 Hz, 1H),
6.03 (dd, &= 9.6, 3.6 Hz, 1H), 5.87 (d, J = 6.6 Hz, 1H), 5.76 (t, J= 9.9 Hz, 1H),
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5.38 (dd, J=10.1, 3.3 Hz, 1H), 4.70-4.58 (m, 2H), 4.48 (dd, J/=12.3, 5.1 Hz, 1H),
3.77-3.68 (m, 1H), 3.51-3.38 (m, 1H), 3.05-2.94 (m, 1H), 1.52-1.27 (m, 2H),
1.06-0.98 (m, 1H), 0.91-0.78 (m, 1H). 31P NMR (CDCls) & 156.2. 3C NMR
(CDCls) & 166.1, 165.7, 165.6, 165.1, 138.0, 137.9, 133.3, 133.0, 132.9, 129.7,
129.6, 129.0, 128.9, 128.7, 128.3, 128.2, 128.0, 127.3, 126.5, 125.9, 125.3, 90.3,
90.2, 82.5, 82.4, 77.2, 72.1, 70.4, 69.2, 68.5, 66.9, 62.8, 53.0, 50.6, 46.7, 46.3, 27.8,
26.5, 25.8, 20.5. ESI-HRMS m/z caled for CssHuNOp P+ [M+H*] 802.2412,
found 802.2411.

2-Deoxy-2-acetamido-1,3,4-tri- O-benzoyl-6- O-MMTr-D-mannopyranose [17].

MMTrO NHAc
BzO -0
BzO

17 OBz

2-Deoxy-2-acetamido-D-mannopyranoside 15 (0.573 g, 2.4 mmol) was
dried by repeated coevaporations with dry pyridine, and then dissolved in dry
pyridine (24 mL) under argon atmosphere. 4-Methoxytrityl chloride (1.04 g, 3.4
mmol) was added, and the mixture was stirred for 16 h at rt. The mixture was
then cooled to 0 " C, added MeOH (5 mL), and concentrated under reduced
pressure. The residue was dissolved in CHCls (50 mL), washed with a
saturated NaHCOs3 aqueous solutions (3 X 30 mL) and brine (1 X 30 mL).
The washings were combined and extracted with CHCls (1 X 30 mL). The
organic layers were combined, dried over NasSQOy, filtered, and concentrated
under reduced pressure to afford crude 2-deoxy-2-acetamido-6-O-MMTr-
D-mannopyranose 16. Crude 16 was dried by repeated coevaporations with dry
pyridine, and then dissolved in dry pyridine (12 mL) under argon atmosphere.
Benzoic anhydride (3.25 g, 14 mmol) in dry pyridine (12 mL) and
N, N-dimethyl-4-aminopyridine (20.4 mg, 0.17 mmol) was added at rt, and then
the mixture was stirred for 17 h at 64 ~ C. The mixture was then cooled to rt,
diluted with CHCl; (10 mL) and washed with a saturated NaHCO3 aqueous
solutions (3 X 30 mL) and brine (1 X 30 mL). The washings were combined
and extracted with CHCl; (1 X 30 mL). The organic layers were combined,
dried over Na2SQO4, filtered, and concentrated under reduced pressure. The
residue was then purified by silica gel column chromatography [60 g of silica
gel, hexane-ethyl acetate (3/1, v/v)] to afford 17 (2.00 g, quant) as a white form.
IH NMR (CDCls) § 8.17-6.62 (m, 58H, Ar), 6.46 (d, /= 2.1 Hz, 1H, aH-1), 6.28 (d,
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J=1.8 Hz, 1H, pH-1), 6.25 (d, J= 9.6 Hz, 1H, oNH), 6.16 (d, J= 9.3 Hz, 1H,
BNH), 5.93-5.78 (m, 3H, oH-3, aH-4, BH-4), 5.51 (dd, J= 9.5, 4.2 Hz, 1H, H-3),
5.19-5.15 (m, 1H, BH-2), 5.09-5.05 (m, 1H, aH-2), 4.25-4.20 (m, 1H, aH-5),
4.05-3.99 (m, 1H, BH-5), 3.53 (dd, J= 11, 3.3 Hz, 1H, BH-6), 3.43 (dd, J=11, 2.4
Hz, 1H, aH-6), 3.26 (dd, J= 10, 2.1 Hz, 1H, pH-6), 3.20 (dd, /=11, 3.9 Hz, 1H,
aH-6).

2-Deoxy-2-acetamido-3,4-di- O-benzoyl-6- O-MMTr-D-mannopyranose [14e].

MMTrO— NHAc
BzO -0
BzO

OH
14e

17 was dissolved in freshly distilled THF (15 mL) under argon
atmosphere. A mixture of 40% methylamine solution in MeOH (2.9 mL) and
freshly distilled THF (15 mL) was added at -30 ~ C, and then the mixture was
stirred for 12 h at -30 °~ C. The reaction temperarure was turned up to -20 ~ C,
and after another 8 h the mixture was diluted with cooled toluene (20 mL) and
concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [80 g of silica gel, hexane-ethyl acetate (2/1, v/v)] to
afford 17 (1.48 g, 2.1 mmol, 86%) as a white form. 'H NMR (CDCl;3) § 8.08-6.65
(m, 24H, Ar), 6.33-6.30 (m, 1H, BNH), 6.19 (d, J= 9.3 Hz, 1H, aNH), 5.81-5.75
(m, 1H, aH-3), 5.65 (t, J=10.2 Hz, 1H, BH-4), 5.36 (dd, J = 10, 4.2 Hz, 1H, pH-3),
5.25 (d, /= 1.5 Hz, 1H, aH-1), 5.06 (d, J= 0.9 Hz, 1H, BH-1), 4.96-4.82 (m, 2H,
aH-2, BH-2), 4.44-4.41 (m, 1H, aH-4), 3.82-3.72 (m, 2H, BH-5, pH-6), 3.47-3.15
(m, 4H, pH-6’, aH-5, aH-6, o H-6).

(Sp)-2-Deoxy-2-acetamido-3,4,6-tri- O-benzoyl-a-D-glucopyranoside-1- G-oxazap
hospholidine monomer [(Sp)-13el.

MMTrO NHAC
BzO -0
BzO

Oa N B
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Crude (Sp)-13e was synthesized from 14e (0.943 g, 1.3 mmol) and
(4R,59-3 following the typical procedure described above. Then the residue
was purified by silica gel column chromatography [25 g of NH silica gel,
dichloromethane-hexane-triethylamine (66:33:1, v/v/v)] to afford (Sp)-13b as a
white form (166 mg, 0.22 mmol, 74%). 1H NMR (CDCls) & 7.90-6.61 (m, 29H, Ar),
6.13 (d, J=9.3 Hz, 1H), 5.98 (d, /= 6.3 Hz, 1H), 5.75-5.72 (m, 2H), 4.88-4.85 (m,
1H), 4.36-4.31 (m, 1H), 4.07-3.98 (m, 1H), 3.69-3.57 (m, 1H), 3.38-3.11 (m, 3H),
1.75-1.61 (m, 2H), 1.29-1.19 (m, 1H), 1.05-0.92 (m, 1H). 3P NMR & 155.1.

(Rp)-Boranophosphate diester-linked a-D-Man-(1- 7-6)-D-Glc derivative
[(Rp)-23c]. A typical procedure for the synthesis of dimers of glycosyl

phosphorothioate derivatives.

BzO OBz
BzO -0
BzO
BH,
o\P/
E r\JTH_Cf o
t
3 BzO 0
BzO SPh
OBz
(Rp)-23c

Monomer unit (Ap)-13¢c (99.7 mg, 0.12 mmol) and 1-O-thiopheny
1-2,3,4-tri- O-benzoyl-B-D-glucopyranoside 20a (60.5 mg, 0.10 mmol) was dried
under high vacuum for 12 h, and a 0.2 M solution of CMPT in CH5CN (1.0 mL,
0.20 mmol), dried over MS 3A for 12 h, was added at rt under argon. After 30
min, 1 M BH; THF solution in THF (1.0 mL, 1.0 mmol) was added dropwise.
After an additional 40 min, the reaction mixture was concentrated under
reduced pressure to remove boronating reagent. Then CH3CN (1.0 mL) and
1,8-diazabicyclo[5.4.0]-undec-7-ene (150 pL, 1.0 mmol) was added to the residue,
and the reaction mixture was stirred for 1 h at rt. The mixture was then diluted
with CHCl; (5 mL), and washed with phosphate buffer (pH 7.0, 2 X 10 mL).
The aqueous layers were back-extracted with CHCls (10 mL). The combined
organic layers were washed with 1M triethylamine bicarbonate buffer (2 X 10
mL). The aqueous layers were back-extracted with CHCls (10 mL). The
combined organic layers were dried over NasSOy, filtered, and concentrated to 5
mL under reduced pressure. The residue was purified by silica gel column

chromatography [3.5 g of NH silica gel on 12 g of neutral silica gel (40—50 um),
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hexane—ethyl acetate, 1:1, v/v, 200 mL, then dichloromethane
—methanol-triethylamine, 98.5:0.5:1, v/v/v] and washed with 1M triethylamine
bicarbonate buffer (5 X 10 mL) to give (Ep)-23c as a triethylammonium salt
(110 mg, 81 umol, 79%). white form. "H NMR (CDCls) § 8.13-7.02 (m, 40H), 6.20
(t, J=9.9 Hz, 1H), 6.04-5.93 (m, 3H), 5.82-5.80 (m, 1H), 5.52-5.43 (m, 2H), 5.17
(d, J=9.9 Hz, 1H), 4.80-4.71 (m, 2H), 4.46-4.41 (m, 1H), 4.32-4.14 (m, 3H), 2.98
(q, J=7.5 Hz, 6H), 1.27 (t, J= 7.5 Hz, 9H). 31P NMR (CDCl5) § 98.0-91.9 (m). 13C
NMR (CDCls) & 166.0, 165.6, 165.3, 165.2, 165.1, 165.0, 133.2, 133.1, 133.0,
132.8, 132.4, 132.0, 130.0, 129.8, 129.7, 129.6, 129.3, 129.2, 129.1, 129.0, 128.9,
128.8, 128.4, 128.3, 128.2, 128.1, 127.6, 91.4, 91.3, 85.6, 77.7, 77.2, 74.4, 70.9,
70.6, 70.1, 69.4, 66.4, 63.5, 62.3, 45.6, 8.5. ESI-HRMS m/z caled for
Ce7H57BO1oPS  [M'] 1239.3051, found 1239.3050.

(Sp)-Boranophosphate diester-linked a-D-Man-(1- 26)-D-Glc derivative
[(Sp)-23c].

BzO OBz
BzO -0
BzO
BH3
O/I,, /
P
E |\JTH_04 ~o
1
3 BzO Q
BzO SPh
OBz
(Sp)-23c

Crude (Sp)-23c was synthesized from monomer (Sp)-13c (96.6 mg, 0.12
mmol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-p-D-glucopyranoside 20a (58.8
mg, 0.10 mmol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [3.5 g of NH silica gel
on 12 g of neutral silica gel (40—50 pm), hexane—ethyl acetate, 1:1, v/v, 200 mL,
then dichloromethane—methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Sp)-23c as a
triethylammonium salt (102 mg, 76 pmol, 76%). white form. 1H NMR (CDCls) &
8.14-7.17 (m, 40H), 6.18 (t, J=10.2 Hz, 1H), 6.09 (t, J= 9.3 Hz, 1H), 5.97 (dd, /
=10.2, 3.0 Hz, 1H), 5.84 (dd, J = 8.4, 1.8 Hz, 1H), 5.76-5.74 (m, 1H), 5.58-5.47
(m, 2H), 5.24 (d, J= 10.2 Hz, 1H), 4.72-4.62 (m, 2H), 4.37-4.24 (m, 4H), 2.92 (q,
J=1.5 Hz, 6H), 1.24 (t, J = 7.2 Hz, 9H). 31P NMR (CDCls) § 98.0-92.6 (m). 13C
NMR (CDCls) & 165.9, 165.5, 165.4, 165.2, 164.9, 133.4, 133.2, 133.0, 132.8,
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131.1, 130.0, 129.8, 129.7, 129.6, 129.3, 129.2, 129.1, 128.9, 128.8, 128.7, 128.4,
128.3, 128.2, 128.1, 127.5, 92.2, 86.1, 77.9, 77.8, 74.2, 70.9, 70.8, 70.7, 70.2, 69.7,
69.3, 66.2, 62.2, 61.7, 61.6, 45.5, 8.5. ESI-HRMS m/z calcd for Cs7H57BO19PS
[M] 1239.3051, found 1239.3050.

(Rp)-Boranophosphate diester-linked o-D-Gle-(1-2-6)-D-Man derivative
[ -23d].

O/
\.P
+ -3 (6] OBz
Et;NH O
3 BzO -Q
BzO
SPh
(Rp)-23d

Crude (Rp)-23d was synthesized from monomer (Zp)-13d (96.0 mg, 0.12
mmol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-o-D-mannopyranoside 20b (58.4
mg, 0.10 mmol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [3.5 g of NH silica gel
on 12 g of neutral silica gel (40—-50 pm), hexane—ethyl acetate, 1:1, v/v, 200 mL,
then dichloromethane—-methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Bp)-23d as a
triethylammonium salt (103 mg, 77 umol, 77%). white form. 'H NMR (CDCls) &
8.06-7.23 (m, 40H), 6.24 (t, J = 9.6 Hz, 1H), 6.12 (dd, J = 8.7, 3.3 Hz, 1H),
5.94-5.70 (m, 4H), 5.64 (d, J = 1.5 Hz, 1H), 5.35 (dd, J = 10.1, 3.6 Hz, 1H),
4.93-4.87 (m, 1H), 4.60-4.50 (m, 2H), 4.27-4.14 (m, 3H), 2.71 (q, J= 7.2 Hz, 6H),
1.00 (t, J= 7.5 Hz, 9H). 3P NMR (CDCls) § 96.9-91.3 (m). 13C NMR (CDCls) &
165.9, 165.7, 165.4, 165.3, 165.1, 133.2, 133.1, 133.0, 132.8, 132.5, 130.0, 129.9,
129.7, 129.6, 129.2, 129.1, 128.9, 128.4, 128.3, 128.2, 128.1, 89.4, 89.3, 85.9,
71.7,71.6, 70.7, 70.5, 69.0, 68.2, 67.2, 62.3, 62.2, 62.1, 45.1, 8.2. ESI-HRMS m/z
caled for Ce¢7H57BO19PS™ [M'] 1239.3051, found 1239.3048.
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(Sp)-Boranophosphate diester-linked a-D-Gle-(1-2-6)-D-Man derivative
[ -23d].

O,,,'. /
P.
~
+ -4 (6] OBz
Et;NH O
3 BzO -Q
BzO
SPh
(Sp)-23d

Crude (Sp)-23d was synthesized from monomer (Sp)-13d (96.9 mg, 0.12
mmol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-B-D-glucopyranoside 20b (59.1
mg, 0.10 mmol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [3.5 g of NH silica gel
on 12 g of neutral silica gel (40-50 pm), hexane—ethyl acetate, 1:1, v/v, 200 mL,
then dichloromethane—methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Sp)-23d as a
triethylammonium salt (130 mg, 97 pmol, 96%). white form. 'H NMR (CDCls) &
8.13-7.20 (m, 40H), 6.28 (t, = 9.9 Hz, 1H), 6.07-5.92 (m, 3H), 5.80-5.70 (m, 2H),
5.66 (d, / = 1.8 Hz, 1H), 5.33 (dd, J = 10.2, 3.3 Hz, 1H), 4.76-4.71 (m, 2H),
4.60-4.55 (m, 1H), 4.32-4.17 (m, 3H), 2.83-2.71 (m, 6H), 1.04 (¢, J= 6.9 Hz, 9H).
31P NMR (CDCl3) § 97.8-92.9 (m). 13C NMR (CDCls) § 166.0, 165.6, 165.4, 165.2,
165.1, 133.4, 133.3, 133.2, 133.1, 132.9, 132.8, 132.3, 130.0, 129.8, 129.7, 129.6,
129.3, 129.2, 129.0, 128.9, 128.7, 128.2, 128.1, 127.9, 90.7, 85.9, 77.2, 72.0, 71.9,
71.3,71.2,70.9, 70.5, 69.0, 68.3, 67.1, 62.3, 60.7, 60.6, 45.1, 8.2. ESI-HRMS m/z
caled for Ce¢7H57BO19PS™ [M'] 1239.3051, found 1239.3052.
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(Sp)-Phosphorothioate diester-linked a-D-Man-(1-P-6)-D-Glc derivative
[(Sp)-25c]. A typical procedure for the synthesis of dimers of glycosyl

phosphorothioate derivatives.

BzO OBz
BzO -0
BzO
-+
S NHEt;

g ~o
BzO O
BzO SPh
OBz
(Sp)-25c¢

Monomer  unit (Bp)-13c (96.3 mg, 0.12 mmol) and
1-O-thiophenyl-2,3,4-tri- O-benzoyl-B-D-gluco- pyranoside 20a (58.6 mg, 0.10
mmol) was dried under high vacuum for 12 h, and a 0.2 M solution of CMPT in
CH3CN (1.0 mL, 0.20 mmol), dried over MS 3A for 12 h, was added at rt under
argon. After 30 min, 1 M Ss solution in carbon disulfide (0.40 mL, 0.40 mmol)
and pyridine (0.20 mlL) were added. After an additional 30 min
1,8-diazabicyclo[5.4.0]-undec-7-ene (150 pL, 1.0 mmol) was added to the residue,
and the reaction mixture was stirred for 1 h at rt. The mixture was then diluted
with CHCI; (5 mL), and washed with phosphate buffer (pH 7.0, 2 X 10 mL).
The aqueous layers were back-extracted with CHCls (10 mL). The combined
organic layers were washed with 1M triethylamine bicarbonate buffer (2 X 10
mL). The aqueous layers were back-extracted with CHCls (10 mL). The
combined organic layers were dried over NasSQy, filtered, and concentrated to
dryness under reduced pressure. The residue was purified by silica gel column
chromatography [9 g of neutral silica gel (63-210 pm), hexane—ethyl
acetate—triethylamine, 50:50:1, v/v, 200 mL, then dichloromethane
—methanol-triethylamine, 98.5:0.5:1, v/v/v] and washed with 1M triethylamine
bicarbonate buffer (5 X 10 mL) to give (Sp)-25c as a triethylammonium salt
(109 mg, 80 umol, 80%). white form. 'H NMR (CDCl3) & 8.13-7.08 (m, 40H), 6.24
(t, J= 9.9 Hz, 1H), 6.13-6.00 (m, 3H), 5.88-5.87 (m, 1H), 5.56-5.46 (m, 2H), 5.25
(d, J=9.9 Hz, 1H), 4.82-4.72 (m, 2H), 4.46-4.25 (m, 4H), 3.07 (q, J= 7.5 Hz, 6H),
1.30 (t, = 7.2Hz, 9H). 3P NMR (CDCls) § 57.3. 13C NMR (CDCls) & 166.0, 165.9,
165.5, 165.4, 165.3, 165.2, 165.0, 164.9, 133.2, 133.1, 133.0, 132.9, 132.8, 132.5,
132.3, 132.1, 132.0, 130.0, 129.9, 129.8, 129.7, 129.6, 129.3, 129.2, 129.1, 129.0,
128.9, 128.8, 128.4, 128.3, 128.2, 128.1, 127.9, 127.7, 127.6, 94.0, 93.9, 85.4,
77.3,74.5,74.4,70.7, 70.6, 70.4, 70.3, 70.0, 69.6, 69.3, 66.4, 66.2, 66.0, 65.9, 62.2,
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45.7, 8.5. ESI-HRMS m/z caled for CerH54BO19PSe [M] 1257.2444, found
1257.2432.

(Rp)-Phosphorothioate diester-linked a-D-Man-(1-P-6)-D-Glc derivative

[(Rp)-25c].
BzO OBz
BzO -0,
BzO
-+
s "NHEt,

O/I,,. 14

P
//\

K (0]
BzO Q
BzO SPh

OBz

(Rp)-25c¢

Crude (Rp)-25¢ was synthesized from monomer (Sp)-13c (60.8 mg, 75.8
pumol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-B-D-glucopyranoside 20a (37.2
mg, 63.6 umol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [9 g of neutral silica
gel (63-210 um), hexane—ethyl acetate-triethylamine, 50:50:1, v/v, 200 mL,
then dichloromethane-methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Bp)-25c as a
triethylammonium salt (70.7 mg, 52 umol, 82%). yellow form. 'H NMR (CDCls)
§ 8.16-8.13 (m, 2H), 8.00-7.77 (m, 12H), 7.63-7.19 (m, 26H), 6.17 (t, J= 10.2 Hz,
1H), 6.03 (dd, J = 10.4, 1.8 Hz, 1H), 5.97-5.91 (m, 2H), 5.82-5.80 (m, 1H),
5.54-5.46 (m, 2H), 5.12 (d, J= 9.9 Hz, 1H), 4.73-4.63 (m, 2H), 4.38-4.26 (m, 4H),
2.67 (q, J= 6.9 Hz, 6H), 1.10 (t, J= 7.2 Hz, 9H). 3P NMR (CDCl3) & 57.0. 13C
NMR (CDCls) & 166.0, 165.6, 165.4, 165.3, 165.2, 165.1, 165.0, 133.2, 133.0,
132.9, 132.8, 132.7, 132.5, 132.2, 132.0, 130.1, 130.0, 129.8, 129.7, 129.6, 129.4,
129.3, 129.2, 129.1, 129.0, 128.9, 128.8, 128.4, 128.3, 128.2, 128.1, 127.8, 94.6,
94.5, 86.0, 77.9, 77.8, 74.4, 70.7, 70.5, 70.4, 70.3, 70.1, 69.8, 69.5, 69.4, 66.3, 65.5,
62.3, 45.7, 8.6. ESI-HRMS m7/z caled for Ce7H54BO19PSs [M] 1257.2444, found
1257.2436.
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(Sp)-Phosphorothioate diester-linked a-D-Gle-(1-2-6)-D-Man derivative

[ -25d].
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(Sp)-25d

Crude (Sp)-25d was synthesized from monomer (&p)-13d (93.9 mg, 0.12
mmol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-o-D-mannopyranoside 20b (57.2
mg, 0.098 mmol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [9 g of neutral silica
gel (63-210 um), hexane—ethyl acetate—triethylamine, 50:50:1, v/v, 200 mlL,
then dichloromethane—methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Sp)-25d as a
triethylammonium salt (97.8 mg, 72 umol, 73%). yellow form. 'H NMR (CDCls)
§ 8.09-7.18 (m, 40H), 6.32-6.21 (m, 2H), 5.99-5.90 (m, 2H), 5.82-5.74 (m, 3H),
5.43-5.39 (m, 1H), 4.80-4.70 (m, 2H), 4.57-4.20 (m, 4H), 2.79 (q, J= 7.5 Hz, 6H),
1.12 (t, J = 7.2 Hz, 9H). 3'P NMR (CDCls) § 58.0. 13C NMR (CDCls) & 166.0,
165.5, 165.4, 165.3, 165.2, 165.0, 133.2, 133.1, 133.0, 132.9, 132.8, 132.5, 132.2,
129.9, 129.8, 129.7, 129.6, 129.5, 129.2, 129.1, 128.9, 128.8, 128.4, 128.2, 128.1,
127.8, 92.3, 85.5, 71.8, 71.5, 71.4, 71.3, 71.2, 70.8, 70.6, 70.5, 69.2, 68.3, 66.8,
64.9, 62.3, 45.5, 8.4. ESI-HRMS m/z calcd for Ce7H54BO1oPS2 [M] 1257.2444,
found 1257.2436.
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(Rp)-Phosphorothioate diester-linked a-D-Gle-(1-P-6)-D-Man derivative

[ -25d].
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Crude (Bp)-25d was synthesized from monomer (Sp)-13d (84.8 mg, 0.11
mmol) and 1-O-thiophenyl-2,3,4-tri- O-benzoyl-o-D-mannopyranoside 20b (51.6
mg, 0.088 mmol) following the typical procedure described above. Then the
residue was purified by silica gel column chromatography [9 g of neutral silica
gel (63-210 um), hexane—ethyl acetate—triethylamine, 50:50:1, v/v, 200 mlL,
then dichloromethane—methanol-triethylamine, 98.5:0.5:1, v/v/v]l and washed
with 1M triethylamine bicarbonate buffer (5 X 10 mL) to afford (Bp)-25d as a
triethylammonium salt (92.4 mg, 68 umol, 77%). yellow form. 'H NMR (CDCls)
5 8.08-7.24 (m, 40H), 6.30-6.21 (m, 2H), 5.92-8.85 (m, 2H), 5.80-5.73 (m, 2H),
5.61(d, J= 1.5 Hz, 1H), 5.39-5.34 (m, 1H), 4.97-4.91 (m, 1H), 4.73-4.68 (m, 1H),
4.56-4.39 (m, 2H), 4.28-4.19 (m, 2H), 3.03-2.94 (m, 6H), 1.25 (t, J= 7.2 Hz, 9H).
81P NMR (CDCls) § 58.1. 13C NMR (CDCls) § 166.2, 166.0, 165.9, 165.7, 165.3,
133.7, 133.5, 133.3, 133.1, 130.2, 130.1, 130.0, 129.9, 129.7, 129.5, 129.4, 129.2,
129.1, 128.9, 128.6, 128.5, 128.4, 128.3, 93.2, 86.2, 72.2, 72.1, 72.0, 71.9, 71.0,
70.9, 69.2, 68.9, 67.5, 65.6, 65.5, 62.4, 45.9, 8.7. ESI-HRMS m/z calcd for
Ce7H54B019PSy [M] 1257.2444, found 1257.2431.

Sulfurization of glycosyl phosphite triesters (Sp)-21c—d in the presence of DTD
or POS for monitoring of the product ratio of (Rp)-24c—d by 3'P NMR Spectro-

SCopy.

RO OR [ RO OR RO OR
RO -0 RO -Q RO -0
RO _ RO RO
20a (1.0 equiv) :

o S
on._ N CMPT (2.0 equiv) sulfurization Oal /7
R MeCN <\ A <\NH Mo
o) rt, 30 min (¢] (0]
\\/ o \\n"‘\_/ RO O
Ph B SPh z RO SPh
orR | Ph OR
(Rp)-13c: R=Bn (Sp)-21c: R=Bn (Rp)-24c: R=Bn
(Rp)-13d: R=Bz (Sp)-21d: R=Bz (Rp)-24d: R =Bz

(1.2 equiv)
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(Rp)-13c—d was condensed with 20a in the presence of CMPT by the
typical procedure described above. After 30 min, sulfurizing reagent DTD or
POS (3.0 equiv) was added. After another 30 min, 0.1 mL of reaction mixture
was put in an NMR sample tube, diluted with CDCls, and monitored the
product ratio of 24c¢ or 24d by 31P NMR.
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