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aq.
BHT
Bn
t-Bu
Bz
conc.
DCM
DIPEA
DIAD
DMAP
DMF
ee

Glc

HF
HMPA
HPLC
HR

IR

MCMM

m.p.
MS
NMR

Ph
Piv
PPY
i-Pr

Rf

acetyl

azobisisobutyronitrile

aqueous
2,6-di-tert-butyl-1-hydrohxy-4-toluene
benzyl

tert-butyl

benzoyl

concentrated

dichloromethane
N-ethyldiisopropylamine
Diisopropyl azodicarboxylate
N,N-dimethylaminopyridine

N, N-dimethylformamide
enantiomeric exess

glucose

Hartree-Fock

high performance liquid chlomatography
hexamethylphosphoric triamide
high resolution

infrared spectroscopy

Monte Carlo Multiple Minimum
methyl

melting point

mass spectrometry

nuclear magnetic resonance
para

phenyl

pivaloyl

4-pyrrolidinopyridine

isopropyl

retention factor in chlomatography
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rt room temperature

sat. saturated

S.M. starting material

TBS tert-butyldimethylsilyl

TEA Triethylamine

THF tetrahydrofuran

T™S Tetramethylsilan

Tol Toluyl

UDP uridine diphosphate

VT-NMR Variable Temperature nuclear magnetic resonance
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LA, FifEPTRE AR fE 2 D RIBUT T, £V BREART OV R OISORIFENRE & 72> T 5,
VORISR DRI D — o L LT, A A WD RGN BT S5, AR
PR LR TR Y RODBE G TH D 2 & FTBEEDOEMENME S BEAM /S WD
LEIFERZEDL 7 )= IR —OBEN L, T OBENFIAMEZEV VR
Do TAUD AFEAMEIINE - SAAAREE, A RAREE, R ALK EE DU ORMEE L LT 2000 FELH)
BAO List, Barbas 2L 571 U v & W2 B ARA T 0 R— VRIS OHEZ KO0 o, 58
EE TILHZ < OB ST X 7= (Figure 1-1),
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Year

Figure 1-1. A AR BIE R L OFERHER Gk 5 225 51H)

R L FRAAEAIC LV HAEEMT 2 BAEHT S AHAMELITE & O EER 235 &
WO RER RO, T DT, AR E R A ICEN R R ERREEFE T THLRER L
I VE 2 R D 720 . S ERERIEM LG O FABIZ AN FTRETH 5.

EFROFTEMEETIX, ME OMBEEEHT K0 . ARG X 2 2 R A LAY DL E 2
RO EREREALFEEIT > T D, *ZOHT, Ml 1 ([2X 57V a—RFFEK 2 O ERIW
T VAL LTV D (Scheme 1-1), ®ASUG T, 2 OARISHED @ 6 (75— kK3
TEAE T 4008 ZROKBREE D ENEIRW 72 7 2 AL EIT T 5, BRREBIZIBWT, AITRT XD

(bE 1 AN & % mUKERS S TR D AE R, ABEHIE T OALEBIRIE S BT D L AE &
NTW5, EEMEEEIIISHKEEORRADEESND B, Zh LN EER T
L7, A BB LIS ICORRINICT LR EITT 5 E BRI ND, Tk, il
B OF EAEFA I8 OA BRI O R & 0 EN LTe iy TEB E WR D, BH ITA

IR DNLEIEIRA  FEBROE R 2 RAZ B L. RO =S>OMIEREICIY AT,
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(0] Proposed transition state

H
CgH470 N F& OCgH17 — —
7N y i
HNTS o] o] N
z == /\
\l ‘ \
S N
5\\ SN -
cat. 1 H\ R\ 1
OH (Prc0o),0 o 0.0 >
4 o 2,4,6-collidine 4 o \\ WOH OH
HO, —@cno > Prcoo f
HO CeHi7 CHCly Ho CeHir . H-0
OH -20 °C, 24h OH Ho o
2 3a : 2
98% monoacylate \/%/
>99% site-selectivity [ ycrogen bond
A

Scheme 1-1. it 1 |2 KX A HEEOMERIRM T >k

() B Z—T =4 A EES KRER T A 1 7 L OIFEMHALIE N E D A B =
A I i

it 1 2 DT ACESRIREY 7 o ki, ZavE TSR A 1-10 mol% MW A MENRH Y | £
1o Z BEBIE KD E RSO NG FHE T v R —2H0icHGE, RIGICERMZZE L TW
7o ARBEEIZH LT, THTOAF U RBZ Lo THEEFFET ALY V=0 A DL RF v
T — MERMICHAESE L 2 LT, A 1 ORKRABEEERE 2 6700 BEIZE T BT 5 Z &
R LTz,

(2) B ONLELEN PR B RERL
ek, ©7 7 —AFO 4 (KERE O EHER 2 BRF AT GBI 3 72 < | PRE-ILIRGE K
FLICZ BB GRS I viThiuTE 7z, il 1 (IZ KBS T bz B30 & LIEE
BHNT 20T, BB RN ) FABP RREIC R D LB X T2, TORR. Va3 — 5%
BR, Zvay I UFER TR E ST RO B RR R LA Z B LT,

(3) 10-Deacetylbaccatin 111 DA & 8 4RH 7 2 L1k

AEPEME R DL VXL EREAEME CHMELRMEZ R 720, £ OEERN B OB IREY L EHE
REMBINEECTH D, ZEEEERRY OBEBEN Y 1A% BE L, Taxol® X Taxotere® D&
i B EE 2P RATEH D 10-deacetylbaccatin 11 DAL ERIREY T 2 AGICE Y A TS, E DR,
il 1 FFAET. 4 DOWEREKEERE DN 10 MKEBIE~OALEZIRT bR EITT 5 2 L %
L7z,



FE D Z =T = NS SRR T U AR o 7 L DTE M
LR D A T = X W fi#T

F—H BEOWFIEME L FE OMEH#

AT S BABIC R CTRE TRV RONES THDH—FH T, TOREMEDTD, il
BIARIETEPE MR N 2 & 3%, BREAM O/ S W a2 2P E~DOERMIZ AT, Al E
¥ (Turnover number : TON) #Z[f] £ &2 MY AL S T E 72, TR O % 17 F
SEDLFEL LT, AR ° (RRCABOE ML) O FEARIC L0 ISR A C R RS
FEBHAWLNTE R, AT 7 —F 0 &fx AR O B3k S, "7k 2
L~ SN AABER GBI SN T & 2, 07, g O RINMEIC B % 5. 2 545
B ZOFEEZEMT 2 Z LRV, RIS, KBHEXT 7 T T =V AT OREIRTIN
fEG A Lo 138k CIBPPER BT 256 ARG O B HNEIRYEO KRR T
ZHlISEITZ e bRy, £l BELSFRMICIE, = brE—HOFENKRE <,
RIS @RI BL O & 72 5720 I OISO TAMEE 2D, 20X 5k
Db & ARG OB S 22 YA 7 L OTEHEALIEOBRE R R EN D,

wam%m&7%F%ﬁs%ﬁwf7w:~w@VmeKiéﬁE i G703 ) M O
REH P Z WA LT D (Scheme 2-1), "fill 5 |3E ORI Z GRS D 2 & TERRME
ZRILT D0 TR CH v | flEE 30 mol% fFFE T, —40°C THRILTEREIC 120 FEf % 2
LT e, "OARMER TR S LTT T Y —b 6 2T B 2 & Tl 2 A BT 5
Z L R ORRAL R O, ROSH OB ZEB L TW5, " 2o L1k 5 SRkt &
L COMREN 5 < . —MRIEEANE L U COBRE LRI TR o772, v U EHI DTS
CEAT A 2o Te Z LIRS 5, Bl BETIE 6 23 REAE L L T2 U kAl Z &AL
52 LT, YU IMEEE DR L& AEEIC LTV 5 (Scheme 2-1: B),

H Pro iti
posed transition state
/%N N._Me . cat.5 _
\n H : Me Bu € T
O By H Bu
cat. 5 / N H\ )YN
N —H /)\/N", H
N »—SEt Ny =0, IIH\O Me gy
OH "N oTBS : o7 N/
cocat. 6 Si
7 “n—N
OH TBSCI (2.0 eq.) OH Me ’ N
DIPEA (1.2 eq.), 7 N
4 : N
THF (1.3 M), 40 °C
109
cat. 5 (30 mol%) without cocat. 6: 96%, 95% ee (120 h) cocat. 6 gy
cat. 5 (5 mol%) with  cocat. 6: 96%, 93% ee (8 h)
| B .. hydrogen bond

Scheme 2-1. 7% 2 U AbtEE o At minic X 2 s (b



Scheme 1-1 @ A (Z/RT L IS 1 132 AUKERESIC L 0 HEFER 2 235 L Rk L
DA D N 2 U R U T L HI A C O E @& EZ BB ST 5, 1 O 70 a— AReIEIE
FACE < BEKBRIEOMIC & 5 — MoK R ML 2 A9 5 HEARERE 8 (T LTH 4 @7 2L
b M7 S5 (Scheme 2-2), "ARBUGSIIMICEAE AW TAEBTH DN, T EA NES
RS A NIEOETRBAEDZ LT VIV EEOEAIZEE L, flfiE 20 mol% 1F7E T, L 5E#E
Wl E BT D, Wi RIWE A~ TR 1 7 VOTEHAEREEN D3, 1
DREEDERN R E GBINMEICHBEZ 525 2 LBHESN TS, DX R E0L &,
AT T I AEAE 1 O L2 PR D I WS o 7 L OIS HEAIEOBIRICI D e 2 & & LTz,
ZOEBUZAT, 1 OFRFER TH D 4-pyrrolidinopyridine (PPY) ZH\\ 5 7 L a—L DT 24k
BT DS A 7 VI L T TO X D IZBLE LT,

cat. 1 (20 mol%)
O O

NP
OH Jij/\ /\Q O OH
4 TESO ™ OTES s AL e

o
H0o o, OH HO %0 o, OH
OH % CHCI,/DMSO (19:1) OH %
—40°C, 168 h
' then, HF spyridine '

8 (0] (¢}
Multifidoside B (9)

Scheme 2-2. Multifidoside B (9) DA ARIZIS 1T 2 MELRFHENE 8 DNLE RNy 1 Hh

]

R'COOR
RICOX
X
%’ | ) w\
. N 3
N base 1 PPY N
C -
@ H ||
o N 10:X=Cl  :100%
2% 11: X=R'CO, : small t
o) R OA\R' > 1 small amoun
ZERE —RiE
FILa— )L DRALTLEE TUIWVEVDZO MEERKICE S
KEFHOEM(
ROH

Scheme 2-3. PPY O 7 2 U L A B =X A



PPY [ZL D7 Na—nDT VAT B2 TEITT 5 2 L3 b T % (Scheme 2-3),
—BFEH T PPY LREFHENOEERRIET ) D=0 MEBRERT HEETH Y |
DI EMRFE TH D, “EBERIIT Y Y Py AEOFEERT VAR T AT L a—
LVOREEHETHY, ZOBBIMEETHDLEBEZ LN TS, ¥ —BRERICBNT, 7YV R
TR0 7o) VT AREOARENRKES B2 Mo TR, B/l RT
X 100% 7Y D=0 MENERT OIS L, BBEKHTIEIILK VELMAT ILEY Y
=T AENER LR, P TUAE ) V= AEOERRICRK LT, 7YV RF—E LT
BRI % I D TN T VMAEEERRE N ERE SN TV D, I T VL E Y V= A7
2Y R 10 I0VLT7 P2 TINRXTT— 8 11 OFRTVa—Ldx AT LI
BOWTENCEFEETHDL ZLE2RL TS,

HOUHE—T =F N E BT VY U= A F L DIEEOENICO N ¥
W, FHRAR T R OVEBRAIRREED % ST & 72, Zipse 51X DFT FHHICZE [ﬁl
D&, ERERHOBBIREICEW T Y X =T =4 ThoH NIRRT oiw<&,
F— FO— R IEAEAE N EE ChH D LHEB LTS (Figure 2-1), Al R™H
b, PREOEEDET, 70 ) FEAARF LT — FOHIEWO# KT, Figure 2-1
ANIRF T T — b OIREKBEIEAOEHNRITERT 5L 0 b DO TH D, FTEITEETITIZ
DRNREEBRFET D120 3 FNOBEX RALBIC I AR XV EAHTH DMAP B2 AR L,
ZDT VMMUICB T DIEW AT T 5 2 & T, T 50 RF 7 — b OEENEZ FZERIIC
FERA LT % (Scheme 2-4), '°

| |1
OH DMAPBoZr cc:)at(.1‘(|)4e(§:)mol%) OBz ] | N SN
. . : Ny
EtsN (3.0 eq. 1
N (3.0eq) SN com
CDC|3 3 | g N
12 20°C, 0.05 M Py ! OO y ©0 L
Komap = 0.084 h-1 H‘o \Ph/4 o)
Keat14 =0.21h1 ! 14 R

Scheme 2-4. 53N LR VT K 2 vty vk

U bomA Ly, FHEMB 7)) FREAWTT A Y=y aral R 10 Z&EEEICA
L7, R TOI T E =T =F o BIC IV T VA E Y V= AL RF T — b 11
NEEBESEDZ LT, WBEEN A L—XZH#EITT D LB X 72 (Scheme 2-5), X LT, AT T
B —T =AU AHETIIERIE L R UBBIREEL R TT v bR EIT T2 B2 b, bHE
BT 7 7 4 —ThHAEERRELER S 2 L Y1 7 L OIS ATRE & #8145 L7z,



R'COOR

rROH" CFNHR; O
L hydrogen bond_| 10
1 M -
ROH 3
-OJLfBu
NIV H—T=F D3
10—11

Scheme 2-5. fRIEY 1 27 WAEMHAL D VEZEARGR



B ZV 3 — ARFEROAE BRI Y A AL O AL

Scheme 2-5 12/~ LT EEMGRICHEW, ZEFMHRZ v K BzCl) 27V RFP—&L L, AT
B—T =& R OTNINEN & KA L= (Table 2-1), £l 1 (10 mol%) fF7E .2 @ CHCly ¥
i & LT collidine (1.5 eq) ZWML, 20 C TBzCl #{EHSE D &, £/ 7 kik
5 75% THEHAL, 85% DNLERIMET 6 (s —#oKIEEEIZ T v /Wb AT LT (entry 1), =
. AT 27 =y s a ) ROESSHEROFR T TRAES LI K 2 it o
AEMEALD T2 D | AR B OALEDRIE R BT, BEARKOSISEIC e > Teff R & B4 L
7oo WIZENLVERER (PivOAg) ZIRINLT- & 2 A, RIEZRN D 79% D 4 ALEIRME TR
HE4T L7z (entry 2), F 7=, ¥itk%a DIPEA ([ZEZ7=L 2 A 4 (LERRVED 89% (2 L5H L7z (entry
N WUV EZ—T=FJHE LTENLEE (PiVOH) ZHWVW5D &, 66% IR, 95% O EIER M
T 4 L7 T ABIR 3b B3F BT (entry 4), AU H ORRETERETIL, X T CRSDME IR
THZENHB LIz, ZHuE, PivOH & BzCl 3t L. BB TEEEKY) (PivOBz) & 72 5% 13
FIEL, ZHUC KD BzCl BB SNDH e L BLE LTz, £ T, BzCl X PivOH % 2.2 4
., DIPEA % 33 YRR L7 & ZARRITMED 5 43 TR L. 85% UL, 94% DN {E 3R
PET 4 (L7 2 fbiR 3b #1372 (entry 5), F7-WRMNAIZ dibutylhydroxytoluene (BHT) (2255
T5HE WINAIEDKIGIZE D BzCl O 7 = F Rz HiL BzCl K OEINA O & % &k T
T, PR L OERIE K T L7z (entry 6), &2 C, entry 5 OF5M2KkEE L, Ukhntz
THoZ L& LT, 2B, ERIETH D ZEH/REKY (B2,0) (X257 WAL TIE S 5 TRIGZE
{Z1E X E754A. 3b OIRITEN 5% Thovz (entry 7), 2D EnD, AFIEFMEREICHE
NTPHFICRCHE A EESE 5 2 RS hi,



Table 2-1. {7 EEIRAIX LV A LS D &AL

cat. 1 (10 mol%)

BzCl
OH additive O OH
A i A
HO PR ewe—— o}
CHCl; (0.05 M
Ho on OCeH -2o§c(, time ) HO on OCe
2 3b
Entry BzCl Time Additive Base Monoacylates Site-selectivity
(eq.) (min.) (eq.) (eq.) (%) 6-0: 4-0:3-0)

1 1.1 2880 None collidine (1.5) 75 8 : 8 : 7
2 1.1 90 PivOAg (1.1)  collidine (1.5) 35 12 : 79 9
3 1.1 90 PivOAg (1.1) DIPEA (1.5) 48 6 : 89 4
4 1.2 90 PivOH (1.0) DIPEA (2.0) 66 - : 95 5
5 2.2 5 PivOH (2.0) DIPEA (3.2) 85 - 9% 6
6 1.1 30 BHT (0.2) DIPEA (1.4) 70 9 : 83 9
7t 1.1 5 None collidine (1.5) 5 - 95 5

[a] Bz,O was used instead of BzCl .
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BIE I a— AFEROMEIRIRE T VURIZ BT B B L

BTN R AR T Tk, ROSEE S KIEIC B Lz, Al R OB AT & B
ZMFTE4T - 7= (Table 2-2), & OFER, il &% 1 mol% & 2 i 0.1 mol% ZHIE L CTH Kk
(T 15 43 T L, AR Z 10 mol% MV 7-35A & FIFLE OIER K OSRIRIET 3b 2757
(entries 2 and 3), & b ICfiBEE % 0.01 mol% F T L7254, ABEEEEIIRAZ Mz | UL
S ONEIRME D & ASEIZ 31T 2 fie RAREERTEREI 3K 6500 5] & HAE S 7z (entry 4),

Table 2-2. {7ESBIRAI Y A AKIZB T 5 2%

cat. 1 (x mol%)
BzCl (2.2 eq.)

OH PivOH (2.2 eq.) O  OH
HOHo OCgH47 CHCl3 (0.05 M) OHO OCgH17
OH -20 °C, time OH
2 3b
Entry Cat. 1 Time Monoacylates Site-selectivity TON
(mol%) (min.) (%) (6-0: 4-0: 3-0)
1 10 5 85 - 94 : 6 8
2 1 15 88 3091 : 6 80
3 0.1 15 87 1 : 95 3 830
4 0.01 1440 69 - % 6 6500

WAHENGTE T S VOB AICE LT HRBRICH 7 v #—T =4 VSIS X Dty o1 7 L
DIFHEAL R OY, bt B O RIAL 2 30 A 7= (Table 2-3), filftE 1 (0.1 mol%) fF1E F. A VEGEZ 0
U REEHESES L ) 5 HTIREEEITE 2 7 2 MBENE I, 4 (DRNEEIT 98% T
bolz, R, AR ORI 2R TR R, Ml REE 0.02mol% F THIB L T MG ITE
225 yTHERE Uiz, & HICABEEZ 0.01 mol% £ THI L 72354, AlltE 03 RA 258 %
U R ONERIRME D & AR K D I REAMBE AT E03K9 6700 [B1 & BFE S Hi7c (entry 3), E72, A
TR T LA — L CHLHEAAIRETH o 72 (entry 4), 72 F MALOHE S, il 0.1 mol% 17
T, DT 15 0 TRISTZER L7z (entry 5), LA EOFER IV IBIAKT v 0B NICBI L
TH RFEITIEORIEIZEEABEAC AR A 7 V2 TEMAL T2 Z LR ATRECTdh o 72 (entry 1 vs 6),

11



Table 2-3. JEAET S MLIC I 1T 2 filit B AL

cat. 1 (x mol%)

OH RCOCI (2.2 eq.) 0 OH
PivOH (2.2 eq.) /lL
HOM oc DIPEA B3 09) R OHMOC
a7 CHCl4 (0.05 M gh7
2 OH -203°é), time ) OH
R=Pr: 3a
R=Ac: 3c
Entry R Cat. 1 Time Monoacylates Site-selectivity TON
(mol%) (min.) (%) (6-0: 4-0: 3-0)
1 i-Pr 0.1 5 >99 - : 98 2 980
2 i-Pr 0.02 25 97 <l : 96 4 4600
3 i-Pr 0.01 1440 73 4 : 92 : 4 6700
4] i-Pr 0.02 60 89 - . 94 6 4200
5 CH; 0.1 15 >99 0 : 95 : 5 950
6™ i-Pr 0.1 5 <1 Not determined

[a] 5 g-Scale reaction. [b] (PrCO),0 (1.1 eq.) and collidine (1.5 eq.) were used instead of ‘PrCOCI and DIPEA.
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HIUET ANTEBAR A VEEDOE A LAk L DO

NI E GRS D VITE RO EEFT O Y A NVEOEBAZRE L, AEOEN
M A2 e KTE & el L7 (Scheme 2-6), RV 7 /LA 0 XA F )L KRNI LA b @S ) A LI E A
B LTI, Wbl 0.1 mol% 1F(E T, BFHIT 80% FEDIRT, 4 L7 v kik 3d
KO 3e 3G HNTo, HEROBRIEEKY A 5 H1ETIXRISRME CICRIZE 72% ThoT-, £
Too A NFUEHAR Y A OVIETIEMBE 1 mol% TFFE T, 83% IR T4 (17 > fkik 3¢t %1%
Too 4D AFNT I N A VEOE NI 10 mol% &% L., 15 RFEHHEEZ S 46% N
RICE EE o7z (Bg)e —F . WERIETITFSMT 48 BFHHHE L THIT & A ERUGITHETT L h
o7, LEDORERIL, EFREIELNEFEGENTNOBEREEZGT 5 A LV EOEA
IZBWTYH, RO T ¥—T =4 U ZHRIEOEMEEZ R LTV D,

method I: ArCOCI (2.2 eq.)
PivOH (2.2 eq.)

OH DIPEA (3.3 eq.) o OH
method II: (ArCO),0 (1.1 eq.)
H%moc H collidine (1.5 eq.) Ar)l\oﬁ
g7 OCgH
OH catalyst 1 HO OH g
2 CHCl3, -20 °C, time 3
Ar= o Opar: Opar: [y
ﬁt>fﬁ ﬁtjpm *(jﬁ% *{j<%
CFs ZE OMe NMe,
3d 3e 3f 3g
cat. 1 (0.1 mol%) cat. 1 (0.1 mol%) cat. 1 (1 mol%) cat. 1 (10 mol%)
I (2h): 76% 1 (4 h): 80% 1(2 h): 83% I (15 h): 46%
1 (2h):7.2% 1l (48 h): 2.5%

Scheme 2-6. /X7 BEHL LV A JVFEDE A
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AL A= X LT

B—IH AU H—T=FDENNILDT U =0 A A OFEERHE

AT HE =T =F L DENCE ST, TNV D=0 AL G OIEWENERD 2 L RNRE
ENTWVDEH, EEMAT LI @EBIE R O, FHOIEEMRBEY (Scheme 2-5), B v ¥
— 7 =& U R RREEYE R EICT S LTV A DREET ST, T — DT RIZEIT
LEEREREIT) L L LT,

KT >V R — (AcCl, BzCl, Ac,0, Bz,0) KO8, PPY % KidFl&EH W28t 1 IREUSSET.
TAXNLT V=L HILE ) —)v 15 OT I IAICEBIT 5 EMAT 217 - 7= (Figure 2-2), < DOk
H. A0 & AcCl TiX A0 DFHF MK 2.6 (57 T F AL EIT L7 (Figure 2-2 (a);
kacr0>kaecr; ko = 9.1x107 min™, kyeer = 3.5%107 min™; kyeolkaeci=2.6)c —F7. 2V A LI
TIET B F/ALOFER & 132, Bz,0 LY BzCl OB FE L RUGSHHEIT L7z (Figure 2-2 (b);
kgzso<kpzcr; kpz2o=2.7x107 min™, kp.c; = 1.7x102 min’'; kgoo/kpci=0.16), ZHE, T B V=1
LD L BE ST S Z & THANKE S, ATRMIE=E0ASHIZL Y . FHET 2Ll Z H
WO T YV E ) U= A OEMREN NMR EBRIZ X 0 fi#Hr T2 (Scheme 2-7), &
sl RefWieha, TUVEOHEEIZLLT, 7o) U=y hifi~d 100% s
HOIZK L, BEXKYERAWEZGSE, 7AYo MMER IS ADBELIER LR, 20
SEHIRSIC BT D AH RN AS 1T VI-NMR EBRIZ X YV 2N AHywmo = —7.5 keal/mol, A
Sic0=34au, AHgp.o= 8.9 kcal/mol, ASpz.o=45au RO LI (5 HFWMHEERNHLELY) |
BRMFZBT DTN V=g MEOAREZFHAET 2L, 7EFAEI V=0 LT BT —
F 1la 1% 0.12%, XUV ANEY D= ARy m— | 11b (X 8.0X10°% Thotz, Bb,
TINEY D= LAHNARXFTT—F 1IN ET A v=uar7al) R 10 L0 EEETH
5M, Bz,0 &AW T2546. 11b OAEREDIBIRIZ/N I W2, BzCl 2 V72 503 < i3
ITLTe EBREHRD,

IHIZ, TIE Y =0 AEDOERE R ORIGHEMIT O RN, B2 =T =F
DEVZEDT7 V) V=0 A F U OIEOZEZFE L7z, 11a (X 10a (ZXF LAY 1200 %,
11b (% 10b (T LI 2000 fEmiEEThH D LHEINS Nz, Zhid, AV 2 —=T=F 12k
TUNEY V=T AL F U OIEEOENENO TERMIRLIELDTH D,
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OH acyl donor (10 eq.) OCOR

PPY (15 eq.
t-Bu % A t-Bu
CHCl3, 0°C

5mM Z
15 16a: R=Me
16b: R=Ph
(a)
2 Ac,0
2 AcCl
18 y=0.091x - 0.0070 y=0.035x+0.021
- R?=0.99 R-0.99
16
14
—_ 12
S
S 1
e
Z os
£
T
06
0.4
0.2
o)t
0 10 20 30 40 50 60
02 i
min.
4 BzCl
Bz,0
12
y=0.017x +0.043 1/6 &
R?=0.98
1
y =0.0027x + 0.013
— R?=0.99
>
= 0.8
o
i
hu)
= 0.6
-
0.4
0.2
ol
0 50 100 150 200 250 300 350 400 450 500

min.

Figure 2-2. 7 X /AT U —/L )L E ) —/L 15 O T 3 AL FE g
(@) 7B FIALDHRELLRE, (b) Y A AL O H L g

iﬁ} iﬁ}
Y (RCO),0(1.0eq) N RCOCI (1.0 eq.)

||
~— B

N A N
RCOO- by CDClg(70mM) || | CDCl3 (70 mM) cl-

07 R 0°Cc N 20°C O//J\R
11a: R= Me (0.12%) 10a: R= Me (100%)
11b: R= Ph (8.0x10-3%) 10b: R= Ph (100%)

Scheme 2-7. 7> VB = A OAERE
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I RAMREKMEE O T AL O REE

ARBUERTIZIE BzCL KO PivOH 722 HIRGTREAKY) 17 BEIET 2, 17 TV FF—¢&
R0ELT-O, 17T BREOT VIALEE 2 KEE L T2, BzCl © 7 1 a kL AEKIC PivOH, DIPEA
ZESH, 17 2 U2, i 1(0.1 mol%) KX 2 D2 bR /L AR 17 % —20 °C
TMA., 15 Z3fE#E L7= (Scheme 2-8), ED#EF. 3b 1X1T & A EHF LT, 99% D JEUEFA[EIIL
& 472, Table 2-2, entry 3 DFER & Il 3 2 & NLE RIS A AL O RS R FI2 17 1%
BELTELY, TVAMEI V=T LD E—T =4I E b0 EEZLND,

PivOH (2.2 eq. )
DIPEA (3 3eq.)
PhCOCI (22eq.) ———————> CHCla .1 h
3

oH o OH
a7 cat. 1 (0.1 mol%) HO OCefti7
OH OH
2 CHCl; (0.05 M) 3b
-20 °C,15 min. trace (99% SM recover)

Scheme 2-8. JEAERME K 17 2T 2V R —&4 5V A L4k

I RN K OV L D %) R D FRFE

AT, I B OMREE DS BOGHR BE ] OY, (LB EIRMEIC 5 2 2 R A MGIE L 72 (Table 2-4), %
T entry 1 (2R T il SR 12 S VEE 2 RN TSR 24T 2 72 (entry 2), & OGS IR KLY,
BPREWTNBIRT Lz, 70, % DIPEA 7° 5 collidine ~EZEH 325 & KISHIEFIZIE
2B 2 N noTz (entry 3), fillllt 10mol% fF7E T 24 FERIFEFE L T, 75% R TEH LN
BT VIMBIRD S BLEERMIE 6 (L7 VALK Th o7z, BAREE T TIE&E O RIRET 6 fif

—FRKERKE EA\C T AL HEIT L7- (entry 4), Entry 4 & DOHERICE Y entry3 DOZMETIE
collidine DIFIENEN +43 Tld7 < | £ U HHEIRIC L 0 BESATE LTV 5 LRIB S Lz, Fiki
TRV T 5 DIPEA & 2% & AR O SO ITHEIT 2 28, mn@ RO EBUZI T B/ L
DWMPMIATH D Z EDNRI T, F IR TR O B2V X 2 Al rE e m -
T VN EY T AL T DA B =T =4 ORI DbD L HESND, AIETIE
TERAE L RIFEE O ERRMEZ RS Z L2 h, W TIRIER CEBRE LR TT 2 friiE
LTWBEEZLN, ZNERFTOTINANEN V=T AL G DI T H—T =4 %
XFT 5D TH D,
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Table 2-4. 777 > ¥ — 7T =7 L ASHIE D UINF| J O D %0 5

cat. 1 (x mol%)
BzCl (1.1 eq.)

OH additive o) OH
/& base (1.5 eq.) /&
"o OCgH;,  CHCI3(0.05 M) %o OCqHir
, OH -20°C, time ap OH
Entry Cat. 1 Time Additive Base Monoacylates Site-selectivity
(mol%)  (min.) (eq.) (%) (6-0: 4-0:3-0)
1t 0.1 15 PivOH (2.2)  DIPEA 87 1 : 95 : 3
2 0.1 15 None DIPEA 41 19 : 70 :11
3 10 2880 None collidine 75 85 8 7
4 None 2880 None collidine 51 96 1 : 3

[a] BzCl1 (2.2 eq.) and DIPEA (3.3 eq.) were used.

FIIH SKREZT ALY A 7 AR AL DTRIE A T = X 4

B~ ZIHD A T = X LRHTH HAE S D ROS#EEE % Scheme 2-9 (2" d, £7°, Bt m Y
REME 1 DET7 A Y=uar7al K 18 BAEKRT H, 2O, PivOH Z RN L7
A BOBSHEDME < | FERMERR R O BUGABEE T 5 72 O ESRIEIIIK T 9% (Table 2-4, entry 2),
PivOH ZIRIM L7256, WU Z—7 =AU RZWMBR D | SiER 7o e ) o=y hiin
A¥TT—b 19 BWEKT D, 19 OHNARFT T — MIEE 2 OKBENBETT S Z & T,
PENYE & IR UIBRRIE A 1R T 4 (KIBESSIRIN T VWb TS 2, 19 D OIRGImEKY 17
EAERT DRERHAET D207 VLAl ZBRIEH VD LERB ST, kN 1) BBrrl
RE 1I12kD 18 DA 2) TVAE N PO AL AL DI B —T =F U FHIZL D 19
DR 3) BB 1D 19 ~OREAM, OWT OB &6 T 285 & g L G #1792
728 (ki>ks, ks>ko, ks>ke, kq, k6> ko)« VEZERI R TREES A4 7 WIEME L 2 Bk L BE LT,
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k1>k3 o
k; | aAL %
[¢]
HO ~\—0Cqttyy

ﬁﬁ k4>k2
|N’ R“'@‘R ky R‘“QR ks B 4 o
RCOCI ——» fﬁcr fﬁ\ — " OHmocan
ki ] | ] oH o
N Anion exchange .
18 L

Back ground

reaction 0 R O" R (3’)\’Bu 2"
ks Low reactivity High reactivity

i ke /(-61

ke k52 k67 k7

OJ\R' 2 "
DS O K .
HO HO OCgHi7
HO on OCgH47 3 H By )J\O R'
17
k6 > k_6 tn - hydrogen bond

Scheme 2-9. REZM T o WALFRBEEMALIZBE 3 2488 A 1 = X A
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HEONE o RFRY A — L OIBIREE 2 T Ak

R Ln-P A — LV OBIRIE ) 7 VAT EAM 2 5 T EB CTH D03, HENREL 8D &k
R & B ROSHIE S R EE e 720, BEI T S LS E 22 %, FT@AFZEE Tldfilit 1 12k
1,5-0 2P F—L (20) DIRIRIGE ) 7ML 2 HE L TV, “KRICBWNTH 1 1I2X%

ERAOREINEINNE /) T HMUICEETH L, £DD, FEOIERERAT kA
B FEBRT OB NICE LI AMBYEE DR S R & 72 o Tvie, FEOBFE L7 fil
BEY A 2 AR CIRI RN L 5 7 2 Ubic— IR ICEAARE THh D L B X bhd, T T,
20 DOEIRWE ) T 2 b ~Di [ 2 Rt L 7= (Table 2-5),

PEFRIENT LS R A BT, ARE Smol% fFE T, 2 HEHAEL THE /7 bk
IR 64% (28 EED (entry2), —Ji. BT U H—T =4 U AZH#E TR Z 0.5 mol% (2K
BALSHETH 1.5 BT 78% WRTE ) 7V Ubik &2 472 (entry 1), £7=. ¥ T EA ML
ICB LT HREBRIEICHAS, BT v & —T = o A CIR R o MR & OV R 0 5
MRA[EETd o7 (entry 3 vs4), LLLEDOFERIG | MO REAERICBI L TH Ay 1 7 L1E
AL A FTREMED R STz,

Table 2-5. 1,5-Pentanediol (20) O&RAIE / 7 4k

Method I : Cat. 1 (0.5 mol%)
RCOCI (2.2 eq.)
PivOH (2.2 eq.)
DIPEA (3.3 eq.)

Method II: Cat. 1 (5 mol%)
(RCO),0 (1.03 eq.)
collidine (1.7 eq.)

HO ™>"">~""0H HO™"""oCOR
15-Pentandiol (20)  CHCls (0.07 M), -60 °C, time 21
Entry R Method Time Monoacylate S. M. recover

(h) (%) (Diacylate)

1 Ph I 1.5 78 10% ( 5%)
20 Ph I 336 64 32% (0%)
3 PhCH=CH I 1.5 50 30% (10%)
4% PhCH=CH I 168 65 32% (0%)
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BEHE 73— ZAFFEROAE BRI Y b~

AIEIETIZ, TNV I VU AL A DA T X —T =34 0 EWINANC L0 R CAgHaaf
BTHDZLEZRLE, ZhICkY, TV E D) D= AEOARICHERZ B2 0 ) FOFH
MATRE L 720 | fiblt 1 12 X 2RI T b Kig e fikiym i L2 EBE L, 27 v
BN DOEREMICEBWNTOE ARG ER THL BN, AL, o NT A Nz
REFHIE L1 OKRBMAINCE VAT DY V=0 A 4 2 OFFMEZ BFNFNC X0 iR,
ZNETHREETH > 2O E RN E RN TR L B 2 2, £ 2 C, AEITIIWRE Y »
W7 v RN RESH &7 2B MBR A E R E e b &2 2 T,

FF, MM 1 FET, REEY U7 r Y REO PIvOH % & HIC 22 YEMAWCTRILETT-
7zo L L. PrEORE Y VBB 22 356N, a0 0E 3h 2NEBER OIS O
r T o772 (Scheme 2-10), ZAuiE, £TE NLERE R Y U RDIEBATREE KM N AR L=,
WHLY VRS KX VBEEE S LT RN LVEEZER LD Thd EEX BN,

cat. 1 (10 mol%)
Ph,POCI (2.2 eq.)

OH PIVOH (2.2 eq.)
DIPEA (3.3 eq.)
o) w0
H
OMO%HW CHClg (0.05 M) Ph20PO=0_~Q_0CH,,
, OH 20°C, 6h ”o

0o OH
o
0
*ﬁ Hﬁ&/ocw17
an OH

trace

Scheme 2-10. 7 /L =t — 2 FHAR O (i JRIUCHE U > B AL OOV HIR 3

Z 2 CURAMEIEAKY & AR LIS < WIRINAI & LT BHT & AV, & it 247> 72 (Table 2-6),
ZORER, WY R 22 BPRREDOIEE TR LNz, DMAP % W7o 56 Ol 2 an
Lginol2356 . 6 MEREMICIREEY LA ETT T 5 ol2xt L, il 1 /775 F CiE 3 frkiR
U UBRALIRIN AR & L THE LN (entry 1 vs 2,3), AMFHIB L CIIRIZMHIFEETHD
DD, T IS DO EREEAL D EBLATREM A "R T 5 EERMA THDH EEZ TN D,
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Table 2-6. Kiffi V) L7 v U K - BHT RIC K HAEEFMET 07 7 1L
cat. 1 (10 mol%)
Ph,POCI (1.1 eq.)
OH BHT (1.1 eq.)
o DIPEA (1.1 eq.) 0
HOHm OCH;;  CHC3(0.05M) Ph20PO__~\_0CHy,
5 OH -20°C, 72h 2
Entry Catalyst Monophosphorylates Site-selectivity Diphosphorylate
(%) 6-0: 4-0: 3-0) (%)
1 Cat. 1 47 34 17 :© 49 10
2 DMAP 48 80 : 7 : 13 20
3 None 16 62 : 19 : 19 -
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FE P O M RO B SRR A ISR B RE AL

HE MR R & EE ORISR

=

F AR PHIRED DD KEENKFITRTESNEFZOWETH Y . RAYPERLOREE 2
WREFEO—2Th D, " 207, BEIAET DR S T 4% VB~ OLEBIE DA
SENTWD, (R#E-DURERELZBRETE2HL0MEEALETHLN, BB EICEET L HE
FE > & OB HHAL R B RE 312 1 7= BB 2 3t b s ST 2, P2, #
B, BB IR AT & B A ERIRA T A LR = IR B TIC R Y L 2-F A v
TV a— AFHER 25 OFICREBRE AR E EH L T\ 5 (Scheme 3-1), '

SR

OH PEMP 1 5eq.) OH OH
OCZSnCIQ (10 mol%) o AIBN (20 mol%) o
HO o TBAI(10mol%)  HOg BusSnH (1.5 eq.) HO )
HO 2 THE > 20 toluene
OHOMe 20°C, 6 h, 98% S# OMe reflux, 4 h, 99% OMe
23 24 OPh 2-Deoxy glucose derivative 25

2 steps, 97%

Scheme 3-1. [ELFER) 7L =1 — ZFHEIRD 2 (LKBREEBIER L

4-FF X T ) — XL Pseudomonas fluorescens . 0 Wi 1% O HURSHRALIC A S D
RUB v HTA K 29 OfREE L THESNTWS (Figure 3-1), *° 7= T. H. van Kuppevelt
512 & Y 4-deoxy-N-acetyl-D-glucosamine (30) 723 L B A= BHLETH M2 3k 9- 2 Pl IE 2 A4
5L BNHE SN (Figure 3-2), 2 2O X 51K 4 MKBEIKIZZ Y 2 REEAE N T 550
WL, EERERETHLID, ZOTAHXF VREFFz—v ¥ —Ix—F—L L TOREN
TR D, D12, 4-7 4 = U PEITHERI Y B 2 B9 2 A IR MM BAFZE 2 O B Y — L
LRVELN, —HET =R 4 (KBREEOEZM B SEGEIIRIZHREFIIRONTE Y |
BERIE P DN OB R AR - RSB EIC YL L T\ D (Scheme 3-2),

OH

HO%‘
OH
[N O o
B \ /$/ T~ j

Polysaccharide 29
Figure 3-1. RKIRIZFET 2 4-7 A% b
22



HO OH
NHAc

4 Deoxy N-Ac-glucosamine (30)
mMEFMEREEE

‘OQC

0C OH
EAY HO %
HO oupp
OH HO
AcHN
0

o |

=
HO /m/ %
HO
AcHN
OUDP —
fi;x/ &
OUDP HO

Protein core

H

HO
NHAc

;

Figure 3-2. 4- T A X VO T = — L X —I 3 —F — L L TOfH =

) OH 4 steps s OBn n-BusSnH OBn
HO o > o JLO 4 o AIBN o)
HO SPh > Bno SPh BnO SPh
OH OBn OBn
26 27 4-Deoxy glucose derivative 28
Total 5 steps, 7%

Scheme 3-2. R - PLERGEIRIC K 5 4 (i iEER AL

ORI BREFROL & 4T A F UPEOEBM L OEENEMIEOMSLZ Hig L. (R - Btk

AR R WD 4 (KR ESEIR 22 R SR LIE OBIFEICE F Lz, Blh, fillE 1 12X

DN — ZAFHER 2 O 4 NKEBEEICT SOV A G AR BT v e AR X0 EEE
TALESIRN A 72 B e 52 B RE S L2 W RE & B 2 Midt 21T > 72 (Scheme 3-3),
OH Site-selective acylation OH Direct deacyloxylation ~ OH
HO~ © — RoOO— ° N O
HO OCgH47 cat. 1 HO OCgH,7 HO OCgH,47
) OH RCOX 3 OH a1 H

Scheme 3-3. fRAEAGAT B SRV RLEE 2L D VEZEAR
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FBE 4T b NV a = AFEROBEEORT e i b Z DA =X A

4 BEARRERESEIRE 7 A btk DR TCHII T o 1 3 ki, SR WEREEAK R AL F L CHEIT S
HUNERDDH, 2T, T 5 B RTICE VBT e X AbE1T 9 Marko S D&KM%
F L (Scheme 3-4), L7 > v X IALFMHICEBIT 57 VNV KO KL 1T > 72 (Table 3-1), &b H
IR B O ESRIRIE AN TR A Y 7 F UNLVEEZGT HEEOHEE, BO 4 7 4F v
31 23 17% WRTHE LN, T 2 AL T P VIR ORI RG2S FEIZHETT L7 (entry
D)o 22T, INVKR=NVIEOREFENMELS . 7T UMV ISR EIT LIS WEEZ BN DT
BT VEEICE U CEBESIR ARG Lz, TORR. Marko FOMEE D 23T FA A
NEAZBANLTEE 31 ORAITKRBIGRELS 31 AEohT,

o) Sml, (3 eq.)
HMPA (12 eq.)
reflux, 5min.
32 33

73%

Scheme 3-4. Sml, (2 K A v A A v A% Ak

Table 3-1. L7 > X1 T7 T IVENE

o OH Sml, (3 eq.),
RAO% Atz s m %
HO OCgH OCgH OCgH
OH 817 8 17 OH 817

THF reflux,
3 5 min.

Entry R Yield of 31  Yield of 2 Entry Yield of 31 Yield of 2

1 }%\ 17% 29% }(Cj 45% 31%
X Me
2 5@ 34% 42% %:)/ 50% 39%
3 =

3 }{©/ 61% 18% @/ 59% 34%
7}{©/ 59% 17% 8 2@ 35% 48%

3

o

3

[a] Sml, (12 eq.) and HMPA (48 eq.) were used.
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AT v v X ARG D A B =X A% Scheme 3-5 (287, £ Sml, IZXBZXF LA ILR
ZILD—BT BTN LS THTFALTIOHIL 34 DERKT D, < C-0 BEMEU L VT v

FIAENEZY, Fd —BFETLOT T F AL LD BBRFELEK 31 X560 b, —J5.
TFNTIHN 34 NERDL—BTEITLEZTDHIETHRT VLK 2 BEIET L EEZD

%, p-Toluic acid (35 D71 b IALR) KIS T 27 /03 —/b 40 ZHHEE - RIELTWD 2
ENDUARRISHERENEMT N D, £72. D0 ZIRM LIS EITo7o & 2 A, HAFLFE 34%
THifEFRLAR 31 21572 (Scheme 3-6), ARG RITKFNT =F 2 37 D71 b AGIZ KV #EFT
THZEEREBLTND,

Sm|2(3 eq.) OH
OCgHyy —————> OCgHy7 HO > OCgHy7

THF, reflux,

2
lsmlz 5 min. 61% 18%
Ssmllly
O OH smly OH *
Aryo OCgH HO OCgH
HO OC:H 817 817
34 oH o7 a7 OH
OSm(III)
lSmlz 35
sm(lin) (,Sm(m)
/(g OH H /(a OH H
AOg 0 — @ﬂijﬁL -
HO OCgHy7 HO OCgHy7
s O o O ArCHO
} 2smly, 2H*

oA
40

Scheme 3-5. SmI, (2 L AT T v a2 ¥ LD E A I =X A

Sml, (3 eq.),

34%
o  OH HMPA (12 eq.) o o
— T e
HO on OCgHy7 THF, reflux, HO on OCgHy7
3i 5 min., 32% 31

Scheme 3-6. D,0 7£7E F TOLT v v % ALK s
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B U3 — ZAFEERAS ORI EDEIRY T VA A AL O REAL

BT > m X AR 72X T MV A A NIEOALERIRAPE NI T 5 ik 21T > 7= (Table
3-2), MRMIGET L VOB NG SNV ZAF T /3T MVA A VIBREEKYIZ LD 4 WLKEE
BRI T VU AITIER IR 24 FERHEEEL T 31 13 17% IR TLGEL AR -T2
(entry 1), FEMET VIO BEANITE L, HEE collidine Z IR V5 & RISHEE M E45 2
EN FTBRMIREOANRICE Y AH7E ST, 7 v ALDEITITEWER S D VR I
KU 1 N7 e AR EZITRIET 505, B 1 (pKa = 9.2) K VMDY collidine
(pKa=7.6) THMEEHNNEZLTFa b7 —0D 1 OFELNHE L, RIGEENH B35
EEZOND, WERORMEROCEEREZRFT 22 LT 93% IUHE, 97% O EERMET
3i LN (entry 4), £, BEHICKVBREBE SN T E—T =4 WL T, IER
BN T LD -0, DT 15 43T 90% IUHE, 93% ONLESRRMET 3i M55l
(entry 5), LABEDORRFITIX. entry 4 KW entry 5 OS2V, X 0 IR M OGP 2N 5O 4
ATz E LT,

Table 3-2. fRBLAIALIEZINKY T b LA A MALO FEAL

Method 1: Cat. 1 (10 mol%)
(p-TolCO),0 (1.1 eq.)
collidine
Method Il : Cat. 1 (10 mol%)
p-TolCOCI (2.2 eq.) OH

OH PivOH (2.2 eq.) o .
o 4 0 DIPEA (2.2 eq.) /@/‘% 0
o \_oosy HO ~\-0CeHy7

CHClg, -20 °C 3i

Entry  Method Base Conc. Time Monoacylate ~ Site-selectivity
(eq.) M) (min.) (%0) (%)
1 | Collidine (1.5) 0.02 1440 17 ND
2 I Collidine (40) 0.02 1440 75 96
3 | Collidine (16) 0.05 1440 78 98
4 | Collidine (16) 0.05 2880 93 97
5 1 DIPEA (2.2) 0.05 15 90 93
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oWz G &9 2 AN EERROBEEFE L5 % A 72 (Scheme 3-7), 7'V 2 /L KF—& LT

HFRARFAZY ay RHEER 41 P ICHEA L2 2 A, BB 27% IR CHEEELK 42 215
Too RIEXT B —AFHER 4T ICHHEATRETH Y . Bt 39% ThigHEk 48 2157, &
LIZRIZZ N aeT ) ReHWET T /¥ MEEEZ AT 2 0 43,45 (XL TH, K
B ER IR R SR LIE I A T o T,

Cat. 1 (10 mol%)

(p-TolCO),0 (1.1 eq.) Sml; (3 eq.)
/m 2,4,6-collidine (16 eq.) HMPA (12 eq.) m
SCeH7 e, 20 °C, 48 h THF, reflux SCqHy7
86% 38%
? 2 steps 27%

Thioglucopyranoside 41 (83% Site-selevtivity)

% OH
V4

4

BnO 86% 43%
BnO (88% Site-selectivity) 2 steps 33% BnO
BnO OMe BnO

Glc-Glc disaccharide 43 Me

OH
3 o
Y o
OH
8o 73% 38% ~ HO o
BnO 88% Site-selectivity) 2 steps 24% Bn%no
BnO

Allo-Glc disaccharide 45 OMe

Cat. 1 (10 mol%)

OH
4 o p-TolCOCI (6.6 eq.) Sml, (5 eq.) 4
HO DIPEA (9.9 eq.) HMPA (20 eq.) .
OCefti7 o THF, reflux g7
OH CHCI3, -20°C, 5h o
HO 81% 53%
R 2 steps 40%
(94% Site-selectivity)

Allopyranoside 47

Scheme 3-7. Fi % O BLUPE K O W A7 & 12 4R 0 i s 32 4L

WICARYE 2 M FAEREEMSEZRT 4T 4 X7 ay I U8R 51 O~ EBHLE
(Scheme 3-8), 49 (ZxtT 5 ML A NMEREEKMINZ L D7 2 AGIZT TR L, 4 (CIRPEIKD -
728 (Method 1), D > & —7 =4 U AZMETITHIFFED | 4 (KBRIET 2B 50 23 RAf7e
IR TH SN/ (Method II), #E< Sml, AFIZ LV | FrEOMERFEIAK 51 24572, 7T /8
(2R LT O AR ERIRA R E NG TH D Z PRI N,
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cat. 1 (20 mol%)

Method I: (p-TolCO),0O (1.1 eq.)
collidine (16 eq.)

Method II: p-TolCOCI (18 eq.)

OH PivOH (18 eq.) O OH Sml, (3 eq.) OH
4 DIPEA (26 eq.) M4 o HMPA (12 eq.) 4 o
HO © p-tol (e} _—
HO R CHCIy/DMSO (10/1) HO R THF, refux ~ HO R
NHAc -15°C NHAc 44% NHAc
49 50 51

Method I: 48 h 75% (45% Site-selectivity)

R= OCH,CH(C¢H13)2 Method II: 1.5 h 69% (86% Site-selectivity)

Scheme 3-8. 7 /L = I VEFERON & SR PLEE SR L
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HIUFE  10-Deacetylbaccatin ITT O il AN &R INA 7 > Ak
[ = (I e = Y I ok

RIRITE A B 22 A BEE 2 R T BN L SAFAET D720, BUE T BRI R KO
BERPFEINATOR TN\ D, * Ein, ERABAFREMICRS O QL@ 2 R RRY %
FHET D2 LT, IR R A ESE S FRIEEIEE L RIS CE e, YT A&
SRR D% XL EREMEMAEM TH Y | o 7o A0 OB RE R OB IR 2 #3138 7 IR
Th b, BREICLDEEN R KB OFELNHRESNTNDE OO, P ZEE2HE L OB A

DIF AN LA X 2 IR E R EAEHIEORE N L EN D,

ZORIBRERDOS & AR A AL 2 H U 25 R DAL E R IREYE e BALAF 28 53 B
B SN T E 7=, P H#12. late-stage functionalization |ZAERI KIRMA K D/EMTEME AR L= £ £,
ZRRFEREZGD Z ENARERTZOIEFEHZED TV LN, GRIE PR R R S 2NFITA
BE9 %, 2 2Dk RBRO G & FTBIFEE TS 2 s Tt 112 X 2500EHEA lanatoside
C (52) ONESEIRAT > A b Z 85 LT & 7= (Schemes 4-1), filfit 1 12 8 > Dbl KRz
TET. 52 BEGIRMG L a2 — AL 2F8 R L, 477 (KBIESRIRN T v k27385, 2h
I, R 1 ISR D R Y BN R VEREEAEEA AL TWAH I EER LTINS,

OH 0.0 O 'R 0.0

Ho*@(\OH 0'1\,,6
HO™
cat. 1 (10 mol%)
’ (RCO),0 (1.1 eq.) t “’
collidine (1 5 eq.) U
HO™

Lanatoside C (52) 53

Scheme 4-1. Lanatoside C (52) O fitifi i) E SR 7 2 11k

—J7C, M 1 (doEY) e KR FE R BERE A R0 U A — VA OFRFR D FTRETH D (Table 2-5),
63 Z T G 72 P A — A ORI £ 0 L BELSL DR Y A — LV KRR RE D BRI 5y 1A HZ
HEMTE D REEEZ RL TS, £2T, FHIFHNER LAY & L TERBY TR FIH S
% Taxol” (54) IO Taxotere” (55) (ZfFE SN 2D taxane 4% AT 5 10-deacetylbaccatin I11
(56) DOIEEICHEH L= (Figure 4-1), 54 [3MUNE EEGHEIC X 2 MIZEHI O 72 HiEgE M2
AT 5, P—T, RRMRkD 54 ORI SN TERY | A — ADIBFICHER 3 g HET
HDHIZH b LT, Ml 100 FOKYVEA T A (Taxus breciforia) 7> HAE7D> 03 g LEUAL
0, PEORS, ATHTRIEICL D 54 OKEMEEZ BNE Lz 2 H(LEWREO G JEIX
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L ODRENRRENTEREZ, ¥ L, FOLAMMEL REEMBFICIIE->TE LT, B
TEITMIIORE 2L P b L I KRB DI ATE S 72 56 125 5Ta ~OFHE LR TCEART 5
TFIEN R TH D, 56 75 57a ~OFEITHE LML L I A AT, 9 il
RV E RN L §5 2 & THER SN TE (Scheme 4-2),°* Z D & 512,56 1% taxoid 34
DEBERERTHEETH Y, RMEEWDH T 2 2O KEERD RS2 iz L0 Sl L. Ao
EIRIIICERER LT 5 2 & BHIRIUX, #7272 taxoid FHOAMIEZIE RS &5 %, W%
WZEF LT,

: B H . 3 fe)
Ph /\.)J\o\ . {H 3
H H OBz W B H
H (6] OAc HO OH OBz Hac
OH
Taxol® (54: R'= Ac, R2= Ph) 10- Deacetylbaccatin 11l (56: R=H)
Taxotere® (55: R'= H, R2= BuO) Baccatin Il (57a: R= Ac)
Figure 4-2. Taxane ‘H#& % 3 5 KXW L O F OFFELR
HO 0] OH
BuLi
or
Lu(OTf),
A 57a
/H Y (o) AcCl or Ac,0
HO ™13 : H
OH OBz OAc

56
Scheme 4-2. SRIGIMRB L OV A ABBEMITE D 56 /D 57a ~DEHL
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% i 10-Deacetylbaccatin I1I (58) Dl rOA7 & RINAY T > AL D il

Table 4-1 {2 DMAP & 2\ Ikl 1 FE T, B2 v ) FROMBEKRWEZ NS 56 O7 L
{LONLEERIREZ "3, DMAP fFEF, A YEEEZ 2 ) REEMSE D L PREDIETT v~
JALHETT L, 64% OALERIVET 10 27 S VALK 57b 2437-, KIZ DMAP f#7E T, A VB
MEAKDEENSED L entry 1 ERIBROBIMETEIEIZE /7 2 MAUKDG H L7 (entry
2), filfit 1 ZHWT 56 OALERINT > ALORFT 21T > 72 (entries 3,4), filllt 1 F7E T,
e vl RiZk D7 v fbid, DMAP & RIEEDALERIRMEE 5 2 7203 (entry 3), ERIEKWY) % F
FEE5E10 MERRMENRZE L EEL 57b 23 87% (93% Site-selectivity) T/ 572 (entry 4),

Table 4-1. 10-Deacetylbaccain III (58) DAL EZRK T >4k

HO o] OH Proco o] OH HO o] OCOPr
10

Catalyst (10 mol%)
Acyl donor (1.1 eq.)
Base (1.5 eq.)
_—

_ / H K ‘o CHCIy/ THF (10/1) ‘ 3 ‘ < o
HO ™13 0.01M, -20 °C, time HO ‘13 : HO ™3 :
OH OBz QAc OH OBz QAc OH OBz QAc
56 57b 58b
Entry  Catalyst Base Acyldonor Time Monoacylates Site-selectivity
(h) (%) (7-0 :  10-0: 13-0)
1 DMAP DIPEA i-PrCOCI1 48 45 36 : 64 0
2 DMAP  Collidine  (i-PrC0O),0 48 95 38 : 62 0
3 Cat. 1 DIPEA i-PrCOCI1 72 29 38 : 62 0
4 Cat. 1 Collidine  (i-PrC0O),0 33 87 7 : 93 0
WIS, il 1 O F T A — 59 EUT AT LAY — 60, 61 KO OFER 62 &

TIRGAFARER LTz (Table 4-2), Z OFER., il 1 OHE & AT, MOfBEE FV 256
TIFLER, BIRME L IR T L7z (entry 1 vs 2-5), fillifo v U ¥ 88 EOMExIARRLE, B X
OMAIEEAE S & B ITRIMERBLUCEHEE TH L Z &R nhole,

WA, filklE 1 12X D 56 OT AT DRI Z MG L7 (entries 1, 6-8), & DfE R,
TE ORI ESREN S T B L7e, E7o, MPERECdH 5 THF <° DMF & VT
ISEAT ST E T A, WTHOEAE B IER K ONERIRMEAME T L7- (entries 9 and 10), LA EOFE R
5. fillt 1 12K 2 56 ONLEZRIT O AICIIKEREE 20 L0 sl 5 L Tng &
BESND,
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Table 4-2. 10-Deacetylbaccatin I1I (56) DONLE RN T o AL OBl

catalyst (10 mol%)

(i+PrC0O),0 (1.1 eq.)
collidine (1.5 eq.)

_

solvent

6Ac

PrOCO
10

0.01 M, temp., time  HO “13

HO 13

OH OBz Qac OH OBz Qac

56 57b 58b
Entry  Catalyst Temp. Solvent Time  Monoacylates Site-selectivity
O (h) (%) (7-0 :10-0 : 13-0)
1 Cat. 1 —20 CHCI5/THF (10/1) 33 87 7 93 0
2 Cat.59 20 CHCI5/THF (10/1) 192 35 11 89 0
3 Cat. 60 20 CHCI5/THF (10/1) 240 52 38 62 0
4 Cat. 61 20 CHCI5/THF (10/1) 192 56 9 91 0
5 Cat. 62 20 CHCI5/THF (10/1) 240 39 38 62 0
6 Cat. 1 20 CHCI5/THF (10/1) 48 90 12 88 0
7 Cat. 1 0 CHCI5/THF (10/1) 48 89 9 91 0
8 Cat. 1 —40 CHCI5/THF (10/1) 48 89 5 95 0
9 Cat. 1 —20 THF 48 78 10 920 0
10 Cat. 1 —20 DMF 48 9 38 62 0
0 o}
CgH470 (R)H ®) (R) N(R) OCgH17 CeftirO (S)H - N (R)\(N@»\OCBHW
HN, / ~NH a0 S °
\ N/
9 (ent. 1) 60

o L O
CgH170 (R)N7(S)<—>QWN(R) OCgHq7
N N

HN ijo =
Eg o

NH
N

61 (ent. 60)

z

CgH170 (S’ N (S)FB%(N(S) OCgH17
/‘
® ° ()
@ | )

gz D
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ikl 1 12X D 56 OAERINT U AABIZBWTT VU bAI O A 2 F54 L 7= (Table
4-3), 7 U AbAlE U CEKERR A V2B A, 2 E TR 10 MOBIRENC T AL HEETT L.
90% UYL T baccatin Il  (57a) #1537 (entry 1), F£7-. ES#EIENETZ U U LS 10 fLIRAYIZ
BATE, 56 OIRENAHREE e o70 (entry 2), F7o_XU Y A NS U FEANKEDHH
HET 3 VDR IAE NS & AR T > ALILE A ATRE T o 72 (entries 3-6), —J7. ~ U 7
7 v FEE K 2 D T U ABIE AR U SEREZR 7 (SR PE CHEFT L 72 (entry 7), DMAP
fEC XD P 7 na 7 v F LB RERIS 7 AOEIRICET L2, 56 O MY 7 mer e
I TALRIRESEIT T2 2 L b TR Y . Y 2t Y 7 e a 72 F VAo @O RIGHED
72, 56 AKOUSHEIC SO ERIRENS I L2t E 2 bND, LLEOREND | Rk
BT UNVEDOBANITEE L TIMIERBIREN LT 2 b DD, FRx 727 2V 10 (KR HER
BT S IALMBATRE T D Z & 5yinoTo, TAVE T, /A ARERIRIEIE A 7 10 AUk
Krpmotz 56 O 10 M AKEEEESRI T > MBIEIC)E Uiz e Hiksma fen 3 5 2 L v ok Tz,

Table 4-3. ffi x OEEMEKY) % IV 5 10-deacetylbaccatin 111 (56) DONALE RN T T AL,

cat. (10 mol%)
(RCO),0 (1.1 eq.)
collidine (1.5 eq.)
_—
CHClg/ THF (10: 1)

(@)

HO ™13 : 0.01M,-20C  HO™13 : i HO ™13 i i
OH OBz Qac OH OBz Qac OH OBz Qac
56 57 58
Entry  Catalyst R Time Monoacylates Site-selectivity
(h) (%) (7-0 : 10-0 : 13-0)
1 cat. 1 Ac 168 99 10 : 90 : O
2 cat. 1 Ci1Hp; 120 93 8 92 0
3kl cat. 1 Ph 168 84 5 95 0
4 cat. 1 PhCH=CH 72 93 3 97 0
5 cat. 1 3-Thiophenyl 120 75 3 97 0
6 cat. 1 2-Furyl 120 85 6 : 94 0
7PIT cat 1 CCl, 1 52 >99 : <l : 0
gl DMAP CCl, 0.25 98 >99 : <l : 0

[a] Bz,O (5.0 eq.) and collidine (7.5 eq.) were used. [b] THE/ CHCI; (5/1). [¢] (CCI3C0O),0 (3.0 eq.) and collidine
(5.0 eq.) were used. [d] (CCI3CO),0 (4.0 eq.) and collidine (6.0 eq.) were used.
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RENFRE 2 22T VSR NIZHEAN AR Ch T e, YOV RUE) v —L LT
56 ONLEEIRA) BALICEDY LA 72, 1,9-Nonanedicarbocylic acid (63) (2 E /N EEF S5
Z L TIRAMEARY 64 BRIt 56 KU 1 ORARKIC 64 ZIEHSELZ L
C. 10-deacetylbaccatin III dimer 65 % 40% IR TH 2 Z &AM HHK72 (Scheme 4-3), KR D —
BALRITBUL A IR U Tl 2 45 L 72 ORI L ChIEHE R~ 2 L AmE S Tn
%o VIERIRA 22 TR RIS IS < S RALITE O E F o o ZRALIKR A RIS 5 2 & 3
KHToD, BB — ABRBROFIEL LTEROHL D EEZ HND,

PivCl (2.5 eq.)
o O DIPEA ( 3.8 eq.) concentrated in vacuo

O O O O
HO)L(\%U\OH DCM, 2h { %OMOJ* ]
64

1,9-Nonanedicarbocylic acid (63)
0.5 eq.

HO 0 OH

cat. 1 (10 mol%)
collidine (1.5 eq.)

; / 3 0 CHCls/ THF (10/1)

HO™ :

OH OBz 0OAc
56

Scheme 4-3.56 O 7 > ALz L 5 &1k
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0.01M,-20°C, 30 h.

10-Deacetylbaccatin Il dimer 65
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HUUET  10-Deacetylbaccatin 111 (56) DAL ESEINAY T o /AL DAL (& SR PER BUARE A 1 = X A

BEORME LY 56 PKEMEZI LT 1 ICKVFBESNTI10 fKBRE~ET v
IEBHEITT D Engmotz, TZTHE 1 & 56 BREDX I MAEERHEZTHZ & T, i
ERPUEN RIS 5 DO DL, 56 O CHCL ' CORE EME % #HFAL N TIEIC L 0 iR
Mrivz. 2835 (Figure 4-2: OLPS2005/ MCMM/ Macromodel V. 9.0) K% %y 8l iE 5

{Figure 4-3: HF/ 6-31 G (d, p)} (2 &V 56 D ZEMEEFH I Lz, MatHEM&ERL D 13 K
FEJL 1T concave HIIZH V| RUGHEDMEWZ ER PRI S, £7-, HF IEIZ X 2887 CiX Figure
4-3 \RIHRR 4 N0 T ' bR TIEL 13 AKEREE & DKFEEE DB S, 13 KEREED S
DD RISTEDIR TR R Iz, —H. 10 fiKEEFEIZED 9 (L VR = I EIKFE-HA %
T 22 & CREMLTERY, MBERMRICEEG Lan LovrmeShiz, 7o, matHEmfR
EHIT 10 MKMEmHEN T & 7 MKBEAMFER 1 & OFFHIT 424 THY . ZhIOKERE
FEEMWT D LM 1 JVERTLEZTIAE ) V=0 LEOT I RIVR= AR ETE®ET v
NEEE DEEICAEET 5, U EORRIY . KRISTIE 7 AKBRENAEE 1 07 I UL
RV ERBREGT D2 & TRMS N, 10 MKBREN OGS RIEFIZESE, MEEE > T7
DIALIREITT D L TRMENR BT LD EE X BN D (Figure 4-4),

(a) (b)

MCMM, Top view MCMM, Side view

Figure 4-2. 56 D53 /)53 5HIC X 2 H&ERE (OLPS2005/ MCMM/ Macromodel V. 9.0)
(a) Top view (b) Side view
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(a) (b)

HF/6-31G (d, p),Top view

HF/6-31G (d, p),Side view

-

‘\4.2\,&
10

=

9

Figure 4-3.56 O/ T #LEFHIC L 2 & ZEME { HF/ 6-31 G (d, p)} (a) Top view (b) Side view

CgH170

HN S

wwwwwww Hydrogen bond

Figure 4-4. fHEER K HE
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BHE W

FEA I IABARGEC X DALEBIRN S FAMOE R LRI A Hfg L. FTBATEE TR S
e 112 K DALEDRIRAY Sy F A ORI, FEHOBBRFEL~DRE, BHo/2®R Y A — KK
M~OWEMIERZIT o T2, LU AWFFEO MR 2 ZRT D,

1. Ao s =7 =F HIENES SR T S ARBRMEEY 1 27 L OTE AL

iR 1 12 K D PO ERIRG T S AR I8 1T D BT AREEY 1 7 WG G2 72 LT,
BIh | b 1 ICNAE LTEANLBEIMNA D2 Z LR 7V bRlE LT n o4 & A
WTEALESEIR T S b & ATRBIC LT, ARG Tk, BREKWIEIC e~ Al aE 23 k5 BE Lz 1A | L
TH Y AKISIZB T D R KB EEERIIH 6700 BITH -7, £7o. REEWT 2 AL A
INDAH=RLEHOFER NS, T P=ghrrml K10 ET7 VAT V=04
NARFTT— N 11 OEENRIEMWFHIZITO 2 LN TE 72, TORE, 10 OIEMER 11 kY
£ 1000-2000 FHEMEREWNZ &30 o T,

cat. 1 (0.1 mol%)

OH PhCOCI (2.2 eq.)
O BUCO,H (2.2 eq.) m
A Nasoay _
HO oH OCgH¢7 DIPEA (3.3 eq OCgH47 max =6700
CH%IngZn? © monoacylate: 87%

siteselectivity: 95%

[mdkﬂ=1nom%mm@

RCOOR' RCOOR'
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2. BEEH O AR A7 (B SR PR A I e S B RE AL

fildiE 1 2 W@ T b2 22300 &L, i< Smb (IZX BT &\ I ABRUS
RIS 2 & TR O BN HoME R e R R B RE b 2 2 BB CiEpk Lo, ARG
X7V a—ZFFER, T e — AR, ZaY I UFFEER RO TREIC W TA < @G FEE
Thol,

OH Site-selective acylation OH Direct deacyloxylation =~ OH
HO ————» RCOO _— >
HO OCgH7 cat. 1 HO OCgH,7 Sml, HO OCgH47
OH RCOX OH HMPA OH
up to 55%
(2 steps)

3. 10-Deacetylbaccatin ITI O filt i fOA7 E R INAY T 2 Ak

fiklf 1 % V>, 10-deacetylbaccatin 111 (56) > 10 (L/KEEFEEIRA) T oAb &2k L=, ATk
ORAMETIRS | #kx R T VNVEOBEANARETH o7, FLAFIELZAND Z LT, 56 O
BRI B LIC ORI LTz, 2D Z &b, RIENLERREEOTUIEGEMEL S D late-stage
functionalization \ZHAZN T2 Z &P LN LTz,

AR

AcO o OH HO (0] OH
cat. 1
Ac,0 cat. 1
=~ ]
: I (o] /H Y [¢)
HO™ : : HO™ H H
OH OBz Qac OH OBz OAc
. 10-Deacetylbaccatin Il (56) - X
Baccatin Ill (57a) Deacetylbaccatin

Il dimer 65
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General. '"H NMR spectra were measured in CDCl; solution (TMS: 0.00 ppm or CHCl5: 7.26 ppm) and
CgHg solution (C¢DsH: 7.15 ppm) using JEOL ECX-400 (400 MHz) and JEOL ECA-600 (600 MHz)
spectrophotometer, unless otherwise stated. °C NMR spectra were measured in CDCl; solution and
referenced to CDCI; (77.0 ppm) using ECX-400 (100 MHz) and JEOL ECA-600 spectrophotometer,
unless otherwise noted. Chemical shifts are reported in ppm. When peak multiplicities are reported, the
following abbreviations are used: s, singlet; d, doublet; t, triplet, q, quartet; m, multiplet; br, broadened.
IR spectra were recorded on JASCO FT/IR-4200 spectrometer. Mass spectra were obtained on JEOL
JMS-700 mass spectrometer. Optical rotations were measured on HORIBA SEPA-200. Purification of the
reaction products was carried out by flash chromatography using Silica Gel (SilicaFlash® F60). Thin
layer chromatography was performed on precoated plates (0.25 mm, silica gel Merck Kieselgel 60F245),
and compounds were visualized with UV light and p-anisaldehyde stain. Preparative thin layer
chromatography was performed on precoated plates (0.5 mm, silica gel Merck Kieselgel 60F245) and
visualized with UV light. Preparative HPLC was performed with recycling HPLC system, which was
equipped with COSMOSIL 5SL-II column (20 x 250 mm) (flow: 4 mL/min, detection: 254 nm).
Melting points were measured with Yanaco MICRO MELTING POINT APPARATUS. CHCIl; was
purchased from Kanto Kagaku and pre-treated with neutral alumina for more than one day.

For kinetic studies, acetic anhydride, acetyl chloride and benzoyl chloride were purified by distillation.
2,2-Dimethyl-1-phenylpropanol, benzoic anhydride and PPY obtained from commercial suppliers were
used without further purification. CHCl; was purchased from Kanto Kagaku and pre-treated with neutral

alumina for more than one day.
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General procedure for catalytic site-selective acylation of octyl-f-D-glucopyranoside (2) with acid

anhydrides

2 (1.0 equiv.), 1 (10 mol%) and 2,4,6-collidine (1.5 equiv.) were dissolved in CHCI; at 20 °C. After the
mixture was cooled to —20 °C, an acid anhydride (1.1 equiv.) was added to the mixture. After stirred at
the same temperature, the reaction was quenched with MeOH. The mixture was diluted with AcOEt and
washed with 1M HCI, saturated aq. NaHCO;, and brine, dried over Na,SQOy, filtered and concentrated in
vacuo. To the crude mixture was added 1,3-dinitrobenzene (1.0 equiv.) as an internal standard. The yield
and site-selectivity of the reaction were determined by 'H NMR integration. The residue was purified by
preparative TLC (AcOEt/Hexane = 50/50) to give a mixture of 3-O and 4-O acylated products. This
mixture was further purified by preparative HPLC (AcOEt/Hexane = 40/60) to give the 4-O acylated

product.
General procedure for catalytic site-selective acylation of 2 with acyl chlorides (Table 2-2, 2-3)

To a solution of 2 (10 mg, 0.034 mmol, 1.0 equiv.), 1 (0.02-10 mol%), DIPEA (20 uL, 0.11 mmol, 3.3
equiv.), and pivalic acid (7.7 mg, 0.075 mmol, 2.2 equiv.) in CHCl; (0.68 mL, 0.05 M) was added a
pre-cooled (—60 °C) solution of an acyl chloride in CHCl; (10 v/v%, 0.075 mmol, 2.2 equiv.) at —20 °C.
After the resulting mixture was stirred at the same temperature, the reaction was quenched with MeOH
(2.0 mL). The mixture was diluted with AcOEt (50 ml) and washed with 1M HCI, saturated aq. NaHCOs,
brine and dried over Na,SOy, filtered and concentrated in vacuo to give the residue. To the crude mixture
was added 1,3-dinitrobenzene (5.8 mg 0.034 mmol, 1.0 equiv.) as an internal standard. The yield and
site-selectivity of the reaction were determined by 'H NMR integration. The residue was purified by
preparative TLC (AcOEt/Hexane = 50/50) to give a mixture of 3-O and 4-O acylated products. This
mixture was further purified by preparative HPLC (AcOEt/Hexane = 40/60) to give the 4-O acylated

product.
Procedure for gram-scale catalytic site-selective acylation of 2 (Table 2-3, entry 4)

To a solution of 2 (5.0 g, 17 mmol, 1.0 equiv.), 1 (2.9 mg, 3.4 pmol, 0.02 mol%), DIPEA (9.8 mL, 56
mmol, 3.3 equiv.), and pivalic acid (3.8 g, 38 mmol, 2.2 equiv.) in CHCl; (300 mL, 0.05 M) was added a
pre-cooled (=60 °C) solution of isobutyryl chloride in CHCl; (10 v/v%, 40 mL, 38 mmol, 2.2 equiv.) at —

20 °C. After the resulting mixture was stirred at the same temperature for 30 min, the reaction was
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quenched with MeOH (50 mL) and concentrated in vacuo to give the residue. The residue was extracted
with AcOEt (300 mL) and the organic layer was washed with 1M HCI, saturated aq. NaHCOs;, brine,
dried over Na,SO, filtered and concentrated in vacuo to give the residue. The residue was purified by
column chromatography (SiO,, AcOEt/Hexane = 20/80 to 50/50) to give octyl

4-0O-isobutyryl-f-D-glucopyranoside (5.4 g, 87%) as colorless plates.
General procedure for evaluation of the pseudo-first order kinetics of acylation (Figure 2-2)

To a solution of PPY (222 mg, 1.5 mmol) in CDCI; (19 mL) was added acyl donor (2.0 M in CDCI;,
500 pL, 1.0 mmol) and stirred at 0 °C for 10 min. The reaction mixture was added
2,2-dimethyl-1-phenylpropanol (0.2 M in CDCl;, 500 pL, 0.1 mmol) dropwise for 10 sec., and dibenzyl
ether (0.05 M in CDCl;, 500 pL, 0.25 mmol) as an internal standard. (final concentration of
2,2-dimethyl-1-phenylpropanol: 0.005 M) and well mixed to start the reaction at same temparature. After
the indicated periods in Tables S1-S4, the reaction mixture was added MeOH (5 mL). Then the mixture
was dilute with CHCl;, and washed with 1M HCI, saturated aq. NaHCO; dried over Na,SOy, filtered and
concentrated in vacuo to give the residue. The conversion was calculated by the '"H NMR integration (/)
of the remaining 2,2-dimethyl-1-phenylpropanol and its acylate according to the following equation
{Conversion = lucyiate/(lacyiate T Isatrecover)- The kinetic experiments were performed twice and the averaged

data was used to determine the kinetic constant (k).

Table S1. Kinetic data for acetylation of 2,2-dimethyl-1-phenylpropanol with PPY and acetic anhydride

as an acyl donor.

Time (min.) 3 6 9 12 15
Conversion (1st) 0.26 0.41 0.57 0.64 0.74
Conversion (2st) 0.23 0.38 0.62 0.58 0.77
—In(1-conv.) (averaged) 0.281 0.503 0.994 0.856 1.406
Kinetic constant (k, min™") 0.091
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Table S2. Kinetic data for acetylation of 2,2-dimethyl-1-phenylpropanol with PPY and acetylchloride as

an acyl donor.

Time (min.) 10 20 30 40 50
Conversion (1st) 0.29 0.48 0.69 0.74 0.81
Conversion (2st) 0.33 0.53 0.71 0.75 0.85
—In(1-conv.) (averaged) 0.371 0.703 1.204 1.366 1.772
Kinetic constant (k, min™") 0.035

Table S3. Kinetic data for acetylation of 2,2-dimethyl-1-phenylpropanol with PPY and benzoic

anhydride as an acyl donor.

Time (min.) 90 180 270 360 450
Conversion (1st) 0.23 0.37 0.51 0.59 0.63
Conversion (2st) 0.28 0.42 0.47 0.66 0.78
—In(1-conv.) (averaged) 0.294 0.503 0.673 0.994 1.238
Kinetic constant (k, min™") 0.0027

Table S4. Kinetic data for acetylation of 2,2-dimethyl-1-phenylpropanol with PPY and benzoylchloride

as an acyl donor.

Time (min.) 15 30 45 60 75
Conversion (1st) 0.28 0.45 0.60 0.68 0.66
Conversion (2st) 0.25 0.38 0.56 0.67 0.74
—In(1-conv.) (averaged) 0.305 0.529 0.872 1.121 1.204
Kinetic constant (k, min™") 0.0017
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Procedure for catalytic monoacylation of 1,5-pentanediol 20 with acyl chlorides (Table 2-5)

To a solution of 20 (20 mg, 0.19 mmol, 1.0 equiv.), 2 (0.79 mg, 1.0 umol, 0.5 mol%), pivalic acid (43
mg, 0.42 mmol, 2.2 equiv.) and DIPEA (109 pL, 0.63 mmol, 3.3 equiv) in CHCl; (2.3 mL) was added a
pre-cooled (=60 °C) solution of benzoyl chloride in CHCl; (10 v/v%, 490 pL, 0.42 mmol, 2.2 equiv.) at —
60 °C and well mixed to start the reaction at same temparature. After the indicated periods in Table S3,
the reaction mixture was added MeOH (5 mL). Then the mixture was dilute with AcOEt, and washed
with 1M HCI, saturated aq. NaHCO; dried over Na,SOy, filtered and concentrated in vacuo to give the
residue. To the crude mixture was added 1,3-dinitrobenzene (5.8 mg, 0.034 mmol, 1.0 equiv.) as an

internal standard. The yields of the reaction were determined by "H NMR integration.
Procedure for Control reaction with the mixed anhydride (PivOBz) (Scheme 2-8)

To a solution of benzoyl chloride (43 pl, 38 umol, 2.2 equiv.) and DIPEA (98 ul, 56 umol, 3.3 equiv.) in
CHCIl; (1.0 ml) was added pivalic acid (39 mg, 38 pumol, 2.2 equiv.) at room temperature under Ar
atmosphere, and the mixture was stirred at room temperature for 1 h. The resulting mixture was added to
a precooled solution of 2 (50 mg, 171 pmol, 1.0 equiv.), 1 (0.14 mg, 0.17 pumol, 1.0x107 equiv.) in
CHCI; (2.4 mL, total 3.4 ml) at —20 °C. (final concentration of 1: 0.05 M) After stirred at —20 °C for 15
min., the reaction mixture was quenched with methanol (5.0 ml) and DMAP (4.2 mg, 0.034 mmol, 1.0
equiv.) and stired at room temperature for 12 h. The reaction mixture was concentrated in vacuo to give
the residue. To the crude mixture was added 1,3-dinitrobenzene (5.8 mg, 0.034 mmol, 1.0 equiv.) as an

internal standard. The yield of the product was determined by 'H NMR integration (99% SM recover).
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o] OH

@kamm H
OH 817

Octyl 4-0-benzoyl-p-D-glucopyranoside (3b): Colorless oil. [a]p>’ =30 (¢ 2.1, CHCl3). '"H NMR (600
MHz, CDCl;) & 8.05 (dd, J = 8.2 Hz, 1.4 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 5.13
(t, J=9.6 Hz, 1H), 4.39 (d, J = 7.6 Hz, 1H), 3.96-3.89 (m, 2H), 3.81-3.77 (m, 1H), 3.70-3.66 (m, 1H),
3.61-3.52 (m, 3H), 2.78 (d, /= 2.8 Hz, 1H), 2.58 (d, /= 2.8 Hz, 1H). 2.41 (dd, J = 5.5 Hz, 3.42 Hz, 1H),
1.66-1.63 (m, 2H), 1.39-1.22 (m, 10H), 0.88 (t, J = 6.9 Hz, 3H), >C NMR (CDCl; 150 MHz) & 166.7,
133.7, 129.9, 129.0, 128.5, 102.5, 74.4, 74.3, 74.2, 71.4, 70.4, 61.5, 31.8, 29.6, 29.4, 29.2, 25.9, 22.6,
14.1. IR (neat) 3443, 2926, 2857, 1722, 1453 cm™. MS (FAB) m/z (rel intensity) 419 (M+Na", 100), 397
(M+H", 5), 267 (40), 105 (60), HRMS (FAB) m/z calcd for C;H3,0;Na (M+Na)" 419.2046, found

419.2058.
O OH
B O%
HO OCgH17
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Octyl 4-O-p-trifluoromethylbenzoyl-g-p-glucopyranoside (3d): Colorless oil. [o]p™’ = —24 (¢ 0.85,
CHCl;). "H NMR (600 MHz, CDCI3) & 8.15 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 5.18 (t, /= 9.6
Hz, 1H), 4.39 (d, /= 8.3 Hz, 1H), 3.92 (dt, /= 9.7 Hz, 6.8 Hz, 1H), 3.90 (t, /= 8.9 Hz, 1H), 3.80-3.75(m,
1H), 3.68-3.63 (m, 1H), 3.62-3.59 (m, 1H), 3.57-3.52 (m, 2H), 2.96 (br s, 1H), 2.85 (br s, 1H), 2.40 (br s,
1H), 1.67-1.61 (m, 2H), 1.38-1.22 (m, 10H), 0.88 (t, J = 7.6Hz, 3H). ’C NMR (CDCl;, 150 MHz) &
165.3, 135.0 (q, J =33 Hz), 132.4, 130.3, 125.5, 123.4 (q, J =271 Hz), 102.5, 74.3, 74.2, 74.1, 71.6, 70.5,
61.4, 31.8, 29.5, 29.4, 29.2, 25.9, 22.6, 14.1. IR (neat) 3443, 2925, 2856, 1726, 1326, 1275 cm™. MS
(FAB) m/z (rel intensity) 487 (M+Na', 80), 465 (M+H", 5), 335 (M, 55), HRMS (FAB) m/z calcd for

C5,H3F;07 (M+H)' 465.2100, found 465.2116.

Octyl 4-O-p-fluorobenzoyl-g-p-glucopyranoside (3e): Colorless oil. [a]p™ = —27 (¢ 0.68, CHCL;). 'H
NMR (600MHz, CDCl;) & 8.09-8.05 (m, 2H), 7.13 (t, 8.3 Hz, 2H), 5.12 (t, /= 9.7 Hz, 1H), 4.38 (d, J =
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7.6 Hz, 1H), 3.93 (dt, J = 9.7 Hz, 6.8 Hz, 1H), 3.89 (t, J = 8.9 Hz, 1H), 3.80-3.75 (m, 1H), 3.68-3.63 (m,
1H), 3.60-3.51 (m, 3H), 2.85 (br s, 1H), 2.69 (br s, 1H), 2.41 (br s, 1H), 1.68-1.61 (m, 1H), 1.38-1.22 (m,
10H), 0.88 (t, J = 7.6 Hz, 3H). *C NMR (CDCl; 150 MHz) § 166.1 (254 Hz), 165.7, 132.6 (d, J = 10 Hz),
125.3, 115.7 (d, J = 22 Hz), 102.5, 74.33, 74.25, 74.2, 71.4. 70.5, 61.4, 31.8, 29.6, 29.4, 29.2, 25.9, 22.6,
14.1. IR (neat) 3416, 2926, 1720, 1603, 1508, 1274 cm™". MS (FAB) m/z (el intensity) 437 (M+Na', 100),
285 (40), 123 (80), HRMS (FAB) m/z caled for C5,Hs 0-Na (M+Na)® 437.1952, found 437.1970.

MeO

Octyl 4-O-p-anisoyl-f-D-glucopyranoside (3f): Colorless oil. [o]p>’ = —24 (¢ 1.3, CHCl3). '"H NMR (600
MHz, CDCly), 6 8.00 (d, J = 8.9 Hz, 2H), 6 6.94 (d, J = 8.9 Hz, 2H), 5.08 (t, /= 9.6 Hz, 1H), 4.38 (d, J =
7.6 Hz, 1H), 3.95-3.87 (m, 2H), 3.87 (s, 3H), 3.80-3.77(m, 1H), 3.69-3.65 (m, 1H), 3.59-3.52 (m, J =
3H), 2.88 (br s, 1H), 2.62 (br s, 1H), 2.48 (br s, 1H), 1.67-1.61 (m, 2H), 1.38-1.22 (m, 10H), 0.88 (t, J =
6.9 Hz, 3H). "C NMR (CDCl; 150 MHz) § 166.6, 164.0, 132.1, 121.2, 113.8, 102.5, 74.4, 74.3, 74.1,
71.2,70.4, 61.3, 55.5, 31.8, 29.6, 29.4, 29.2, 25.9, 22.6, 14.1. IR (neat) 3444, 2927, 2856, 1713, 1605,
1511 cm™. MS (FAB) m/z (rel intensity) 449 (M+Na", 20), 297 (5), 135 (40), HRMS (FAB) m/z calcd for
C,,H3505 (M+H)" 427.2332, found 427.2342.
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Octyl 4-0-p-N,N-dimethylaminobenzoyl-f-D-glucopyranoside (3g): Colorless powder. m.p.118 °C.
[a]p®® =21 (¢ 0.55, CHCl;). '"H NMR (600 MHz, CDCl;), 8 7.90 (dd, J = 6.8 Hz, 2.1 Hz, 2H), 6.64 (dd,
J=17.6 Hz, 2.1 Hz, 1H), 5.01 (t, /= 9.7 Hz, 1H), 4.38 (d, J = 7.6 Hz, 1H), 3.93 (dt, / = 6.9 Hz, 6.8 Hz,
1H), 3.88 (t, J=9.7 Hz, 1H), 3.82-3.75 (m, 1H), 3.69-3.64 (m, 1H), & 3.56-3.52 (m, 3H), 3.10 (br s, 1H),
3.06 (s, 6H), 2.70-2.60 (br, 2H), 1.69-1.62 (m, 2H), 1.38-1.22 (m, 10H), 0.88 (t, J = 6.9Hz, 3H). °C
NMR (CDCl; 150 MHz) & 167.5, 153.8, 131.8, 115.1, 110.7, 102.5, 74.5, 74.4, 74.1, 70.9, 70.3, 61.3,
40.0,31.8,29.6,29.4,29.2,25.9,22.6, 14.1. IR (neat) 3418, 2928, 2858, 1698, 1618 cm™'. MS (FAB) m/z
(rel intensity) 462 (M+Na', 50), 439 (M", 10), 310 (10), 271 (10), 148 (50), HRMS (FAB) m/z calcd for

C,3H37NO; (M)" 439.2570, found 439.2576.
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General procedure for catalytic regioselective acylation of 1 with acid anhydride (Table 3-2, entry
4)

2 (1.0 equiv.), 1 (10 mol%) and collidine (16 equiv.) were dissolved in CHCl; (0.05 M) at 20 °C. After
the mixture was cooled to —20 °C, an acid anhydride (1.1 equiv.) was added to the mixture. After stirred
at the same temperature, the reaction was quenched with MeOH. The mixture was diluted with AcOEt
and washed with 1M HCI, saturated aq. NaHCO3, and brine, dried over Na,SQy, filtered and concentrated
in vacuo. To the crude mixture was added 1,3-dinitrobenzene (5.8 mg 0.034 mmol, 1.0 equiv.) as an
internal standard. The yield and the regioselectivity of the reaction were determined by 'H NMR
integration. The residue was purified by preparative TLC (AcOEt/Hexane = 50/50) to give a mixture of
3-0 and 4-0 acylated products. This mixture was further purified by preparative HPLC (AcOEt/Hexane =

40/60) to give the 4-O acylated product.

General procedure for deacyloxylation of octyl 4-O-acyl-f-D-pyranoside with SmlI,

HMPA were added to Sml, (0.1 M in THF). The solution turned immediately into a purple color. The
solution was then heated at reflux and was quickly added to 4-O-acyl-f-D-pyranoside, dissolved in a
minimum of THF. The reaction was followed by TLC (the reaction is usually finished within 10 s to 5
min). Then, the reaction was quenched by the addition of 10 mL of a saturated aqueous NH4CI solution.
The aqueous layer was extracted three times with 10 mL of CHCIl; and the organic phases were pooled,
washed twice with a saturated solution of sodium carbonate and then dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and the crude product was purified by silica gel column

chromatography using CHCly/ MeOH (10/1) as eluent.

(o] OH
(0]
J@AO%
HO OCgH
OH 8117

Octyl 4-O-p-toluoyl-g-D-glucopyranoside (3i): Colorless oil. [a]p™* = —28 (¢ 2.00, CHCl;). '"H NMR

(400 MHz, CDCl3) 6 7.93 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 9.6 Hz, 2H), 5.09 (t, 9.6 Hz, 1H), 4.38 (d, J =

8.0 Hz, 1H), 3.96-3.83 (m, 2H), 3.80 (br d, /= 12.4 Hz, 1H), 3.65 (dd, J=12.4 Hz, J = 4.8 Hz, 1H), 3.60

—3.48 (m, 3H), 3.04 (br s, 1H), 2.86 (br s, 1H), 2.53 (br s, 1H), 2.41 (s, 3H), 1.74 (br s, 1H), 1.64 (quintet,

J=17.2Hz, 2H), 1.40-1.19 (m, 10H), 0.88 (t, /= 7.0 Hz, 3H). °C NMR (100 MHz, CDCl;) 3166.9, 144.6,

130.0, 129.2, 126.2, 102.5, 74.4, 74.3, 74.2, 71.3,70.4, 61.5, 31.8, 29.6, 29.4, 29.2, 25.9, 22.6, 21.7, 14.1.
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IR (neat) 3449, 2925, 2856, 1720, 1273 cm'. MS (FAB) m/z (rel intensity) 433 (M+Na", 100), 411
(M+H", 3) HRMS (FAB) m/z calcd for C5,H3,0,Na (M+Na)433.2202, found 433.2206.

OH

m
HO OCgH
8117

Octyl 4-deoxy-g-D-glucopyranoside (31): Colorless oil. [a]p™> =31 (¢ 0.9, CHCl;). '"H NMR (400 MHz,
CDCly) 6 4.22 (d, J= 7.6 Hz, 1H), 3.89 (dt, J= 9.6 Hz, 6.8 Hz, 1H), 3.79-3.54 (br, 4H), 3.51 (dt, 9.6 Hz,
J=6.8 Hz, 1H), 3.25 (t, J= 8.2 Hz, 1H), 2.79 (br s, 1H), 2.70 (br s, 1H), 2.13 (br s, 1H), 1.90 (ddd, 12.8
Hz, J=5.2 Hz, J= 1.4 Hz, 1H), 1.62 (quintet, J = 6.8 Hz, 2H), 1.51 (q, J = 12.8 Hz, 1H). 1.40-1.18 (m,
10H), 0.87 (t, J = 6.8 Hz, 3H), °C NMR (100 MHz, CDCl;) §102.8, 76.0, 72.5, 70.6, 70.3, 64.9, 33.8,
31.8, 29.6, 29.4, 29.2, 25.9, 22.6, 14.1. IR (neat) 3390, 2925, 2856, 1065 cm'. MS (FAB) m/z (rel
intensity) 299 (M+Na', 100), 277 (M+H', 7), HRMS (FAB) m/z caled for C;;H,0sNa (M+Na)"
299.1834 found 299.1836.

(0] OH

/©/[L 8117

Octyl 4-0-p-toluoyl-p-p-thioglucopyranoeside Colorless oil. [a]p™ =19 (¢ 1.17, CHCl;). "H NMR (400
MHz, CDCl;) 6 7.93 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 5.10 (t, /= 9.4 Hz, 1H), 4.41 (d, J =
9.6 Hz, 1H), 3.89 (t, J = 9.2 Hz, 1H), 3.83-3.73 (m, 1H), 3.70-3.58 (m, 2H), 3.53 (dd, J = 10.0 Hz, J =
8.8 Hz, 1H), 2.92 (br s, 1H), 2.73 (dt, J = 6.8 Hz, J = 1.6 Hz, 2H), 2.66 (br s, 1H), 2.42 (s, 3H), 2.34 (brs,
1H), 1.71-1.61 (m, 2H), 1.48-1.21(m, 10H), 0.89 (t, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl;)
3166.8, 144.6, 130.0, 129.3, 126.4, 86.1, 78.7, 76.2, 73.2, 71.3, 61.9, 31.8, 30.3, 30.2, 29.1, 28.9, 22.6,
21.7, 14.0. IR (neat) 3422, 2925, 2854, 1718, 1611, 1408, 1272 cm™'. MS (FAB) m/z (rel intensity) 449
(M+Na', 60), 427 (M+H", 10), 154 (100), HRMS (FAB) m/z calcd for C,,H34,04SNa (M+Na)" 449.1974,
found 449.1974.

OH

m H
8117

Octyl 4-deoxy-p-D-thioglucopyranoside (42) Colorless oil. [a]p™ =—26 (¢ 0.500, CHCI;). "H NMR (600
MHz, CDCl;+D,0) 4.28 (d, J = 9.6 Hz, 1H), 3.83-3.70 (m, 1H), 3.68-3.58 (m, 3H), 3.26 (t, J = 8.9 Hz,
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1H), 2.70 (t, J = 7.6 Hz, 2H), 1.97-1.91 (m, 1H), 1.68-1.51(m, 3H), 1.44-1.21(m, 10H), 0.88 (t, J = 6.9
Hz, 3H). C NMR (150 MHz, CDCl;+D,0) § 86.5, 76.9, 74.5, 72.1, 65.2, 33.8, 31.8, 30.5, 30.3, 29.1,
28.8, 22.6, 14.0. IR (neat) 3374, 2925, 2854, 1066 cm . MS (FAB) m/z (rel intensity) 293 (M+H", 30),

129 (100), HRMS (FAB) m/z caled for C14H00,S (M+H)" 294.1787, found 294.1787.

(0] OH
(0]
(0]
/©/LL Hmo
OH o
BnO
BnO
BnO

OMe
Metyl 6-0-(4-O-p-toluoyl-f-D-glucopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside: Colorless oil.

[a]p®® = +4.7 (¢ 1.27, CHCl3). "H NMR {400 MHz, (CD;),CO} & 7.93 (d, J = 8.4 Hz, 1H), 7.44-7.22 (m,
17H), 5.00 (t, J = 9.4 Hz, 1H), 4.95 (d, J = 10.8 Hz, 1H), 4.88 (d, /= 11.6 Hz, 1H), 4.84 (d, /= 3.2 Hz,
1H), 4.79 (dd, J = 10.8 Hz, J = 2.8 Hz, 2H), 4.74 (s, 3H), 4.46 (d, J = 8.0 Hz, 1H), 4.15 (d, J = 9.6 Hz,
1H), 3.88 (t, J = 8.8 Hz, 1H), 3.82-3.66 (m, 4H), 3.66-3.48 (m, 4H), 3.44-3.40 (m, 1H), 3.38 (s, 3H),
2.40 (s, 3H). °C NMR (150 MHz, CDCl3) & 166.8, 144.6, 138.6, 138.2, 138.0, 130.0, 129.3, 128.48,
128.46, 128.41, 128.1, 128.00, 1287.98, 127.82, 127.79, 127.66, 126.2, 103.1, 98.2, 82.0, 79.7, 77.7, 75.8,
75.0,74.6,74.5,73.9,73.4,71.3, 69.9, 68.7, 61.6, 55.4, 21.7. IR (neat) 3504, 2926, 1726, 1272, 1069 cm™
. MS (FAB) m/z (rel intensity) 767 (M+Na', 20), 154(100), 91 (40), HRMS (FAB) m/z calcd for

C42H48012Na (M+Na)+ 7673043, found 767.3043.

OH

o
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Metyl 6-0-(4-deoxy-f-D-glucopyranosyl)-2,3,4-tri-O-benzyl-o-D-glucopyranoside (44):White solid.

m.p. 137-139 °C [o]p>’ = +2.0 (c 0.53, CHCl;). 'H NMR (400 MHz, CDCls) § 7.39-7.27 (m, 15H), 4.99
(d,J=10.8 Hz, 1H), 4.91 (d, J= 10.8 Hz, 1H), 4.81 (dd, J = 10.4 Hz, J = 8.2 Hz, 2H), 4.69-4.58 (m, 3H),
4.19 (d, J = 8.0 Hz, 1H), 4.08 (dd, J= 11.4 Hz, J = 2.2 Hz, 1H), 4.00 (t, J = 9.2 Hz, 1H), 4.84-3.77 (m,
1H), 3.75-3.48 (m, 7H), 3.38 (s, 3H), 3.28 (t, J = 8.2 Hz, 1H), 2.64 (br s, 1H), 2.4 (br s, 1H), 2.02 (br s,
1H), 1.88 (dd, J = 12.2 Hz, J = 4.2 Hz, 1H), 1.49 (q, J = 11.7 Hz, 1H). °*C NMR (100 MHz, CDCl;) &
138.5, 138.1, 138.0, 128.5, 128.4, 128.1, 128.04, 128.00, 127.85, 127.80, 127.7, 103.4, 98.2, 81.9, 79.6,
77.7, 75.85, 75.81, 75.0, 73.4, 72.7, 70.7, 69.8, 68.6, 65.0, 55.4, 33.5. IR (neat) 3417, 2925, 1067 cm’".

MS (FAB) m/z (rel intensity) 633 (M+Na’, 30), 154 (50), 91 (100). HRMS (FAB) m/z calcd for
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C34H4,010Na (M+Na)" 633.2676, found 633.2674.

Synthesis of 45 *!

OAc OAc
0 PPh; 0 o)
H A H
A DIAD A0 0 ° 0
OH (o) 42> HO OH (o) + AcO OH 0
BnO CHCly BnO BnO
BnO BnO BnO
BnO BnO BnO

43 OMe OMe OMe
OAc OH
TEA OAc NaOH OH
DMAP AcO 1) - HO 10
_— BnO BnO
CHCI, BnO > H,O/MeOH BnO S
Bn Bn
66 OMe 45 OMe

To a solution of 43 (300 mg, 0.80 mmol, 1.0 equiv.), PPh; (376 mg, 2.4 mmol, 3.0 equiv.) and AcOH
(80 ul, 2.4 mmol, 3.0 equiv.) in THF was added DIAD (280 upl, 2.4 mmol, 3.0 equiv.) at room
temperature. The reaction mixture was stirred at 60 “C. After 24 h, the mixture was cooled to rt and
concentrated in vacuo. The residue was purified by SiO, column (AcOEt: Hexane = 1:1~1:0) to give a
mixture of Metyl 6-O-(3,6-O-diacetyl-f-D-allopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside, Metyl
6-0-(4,6-O-diacetyl-$-D-allopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside and small amount of
other impurity. The mixture was dissolved in CHCIl; and added TEA (450 ul, 3.2 mmol, 4.0 equiv.),
DMAP (48 mg, 0.4 mmol, 0.5 equiv.), Ac,O (240 pl, 2.4 mmol, 3.0 equiv.). After 12 h, the reaction
mixture was quenched with MeOH and concentrated in vacuo. The residue was purified by SiO, column
(AcOEt: Hexane = 1:1) to give 66. Then, 66 was dissolved in MeOH and stirred at rt. The mixture was
added 1IN NaOH agq. solution. After 1 h, The mixture was diluted with AcOEt and washed with 1M HCI,
saturated aq. NaHCOs;, and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue was

purified by SiO, column (EtOAc: MeOH = 10:1) to give 45 as a colorless oil (200 mg, 66%).

(0]
HO
/%OH/O
HO
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BnO
BnO

OMe
Metyl 6-O-(-D-allopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (45): Colorless oil. [oc]D20 =—
1.4 (¢ 1.33, CHCI;). '"H NMR (400 MHz, CDCl5) 6 7.41-7.22 (m, 15H), 4.94 (d, J= 10.8 Hz, 1H), 4.88
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(d, J=10.8 Hz, 1H), 4.80 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 15.6 Hz, 1H), 4.70-4.50 (m, 4H), 4.12 (br t,
1H), 4.07 (dd, J = 11.2 Hz, J = 2.0 Hz, 1H), 3.99 (t, J = 9.2 Hz, 1H), 3.88-3.38 (m, 12H), 3.36 (s, 3H),
2.67 (brs, 1H), 2.24 (br s, 2H). °*C NMR (150 MHz, CDCls) & 138.5, 138.1, 138.0, 128.5, 128.4, 128.1,
128.01, 127.96, 127.82, 127.78, 127.7, 101.1, 98.1, 81.9, 79.6, 77.6, 75.8, 74.9, 73.7, 73.3, 70.8, 70.5,
69.7, 68.7, 67.8, 62.7, 55.3. IR (neat) 3443, 2920, 1069 cm '. MS (FAB) m/z (rel intensity) 649 (M+Na",
15), 307 (40), 176 (50), 154 (100), HRMS (FAB) m/z calcd for C34H4»01Na (M+Na)' 649.2625, found

649.2626.

(0]
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Metyl 6-0-(4-0O-p-toluoyl-f-p-allopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside: Colorless oil.
[a]p™ = +11 (c 0.85, CHCls). '"H NMR (400 MHz, CDCls) § 7.92 (d, J = 8.4 Hz, 1H), 7.41-7.20 (m, 17H),
5.02 (dd, J=9.6 Hz, J = 2.8 Hz, 1H), 4.99 (d, J = 10.8 Hz, 1H), 4.90 (d, / = 10.8 Hz, 1H), 4.82 (d, J =
11.2 Hz, 1H), 4.77 (s, 2H), 4.75-4.58 (m, 4H), 4.46 (t, J = 2.8 Hz, 1H), 4.16-4.07 (m, 2H), 4.00 (t, J =
9.2 Hz, 1H), 3.86-3.75 (m, 2H), 3.70 (dd, /= 11.0 Hz, J = 5.0 Hz, 1H), 3.66-3.48 (m, 4H), 3.39 (s, 3H),
2.41 (s, 3H). "C NMR (100 MHz, CDCl3) & 165.6, 144.5, 138.5, 138.1, 138.0, 129.9, 129.2, 128.5, 128.4,
128.1, 128.0, 127.9, 127.7, 126.4, 101.1, 98.1, 81.9, 79.6, 77.7, 75.8, 75.0, 73.4, 71.9, 70.5, 69.7, 69.0,
68.9, 68.8, 61.7, 55.4, 21.7. IR (neat) 3462, 2925, 1717, 1276, 1069 cm'. MS (FAB) m/z (rel intensity)
767 (M+Na', 20), 154(50), 91 (100), HRMS (FAB) m/z caled for C4,H,430,,Na (M+Na)" 767.3043, found
767.3057.

OH
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Metyl 6-0-(4-deoxy-f-D-allopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (46): Colorless oil.

[a]p®® = —5.5 (¢ 0.42, CHCl3). "H NMR (600 MHz, CDCl3) & 7.41-7.22 (m, 15H), 4.99 (d, J = 11.0 Hz,

1H), 4.90 (d, J = 11.0 Hz, 1H), 4.80 (dd, J = 15.4, J = 11.4 Hz, 2H), 4.66 (d, J = 11.6 Hz, 1H), 4.61-4.59

(m, 3H), 4.19 (q, J = 3.4 Hz, 1H), 4.12 (dd, J = 11.0 Hz, J = 2.1 Hz, 1H), 4.02-3.98 (m, 2H), 3.84-3.79

(m, 1H), 3.70-3.63 (m, 2H), 3.56-3.50 (m, 2H), 3.48 (t, J = 9.6 Hz, 1H), 3.42 (dd, /= 7.6 Hz, J = 2.7 Hz,
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1H), 3.39 (s, 3H), 2.70 (br s, 1H), 2.48 (br s, 1H), 1.98 (br s, 1H) 1.77 (dt, 14.2 Hz, J=2.7 Hz), 1.64 (t, J
= 12.7 Hz, 1H). °C NMR (100 MHz, CDCl;) 5 138.5, 138.0, 128.5, 128.4, 128.1, 128.03, 128.00, 127.9,
127.8, 127.7, 101.4, 98.1, 81.9, 79.6, 77.8, 77.6, 75.8, 75.0, 73.4, 71.5, 71.3, 69.8, 69.0, 67.2, 65.1, 55.4,
32.1. IR (neat) 3428, 2963, 1585, 1261, 1025, 799 cm . MS (FAB) m/z (rel intensity) 633 (M+Na', 20),
154 (70), 91 (100), HRMS (FAB) m/z caled for C3,H40,0Na (M+Na)® 633.2676, found 633.2656.

O OH
0
0
/©/IL ﬁ\\/oqﬁ17
Ho ©OH

Octyl 4-0-p-toluoyl-p-p-allopyranoside : Colorless solid. m.p. 143 °C. [a]p™ = -12 (¢ 0.24, CHCl;). 'H
NMR (400 MHz, CDCl5) 6 7.94 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 6.4 Hz, 2H), 5.07 (dd, 10.0 Hz, /= 2.8
Hz, 1H),4.76 (d, /= 7.6 Hz, 1H), 4.52 (t, /= 2.8 Hz, 1H), 4.15-4.11 (m, 1H), 3.94 (dt,/=9.6 Hz, J=6.8
Hz, 1H), 3.84 (dd, J=12.2 Hz, J= 2.2 Hz, 1H), 3.66 (dd, J = 12.4 Hz, /= 4.8 Hz, 1H), 3.60-3.52 (m, 2H),
2.42 (s, 3H), 1.71-1.50 (m, 2H), 1.41-1.21 (m, 10H), 0.88 (t, J = 6.8 Hz, 3H). °C NMR (150 MHz,
CDCl;) 6165.9, 144.7, 130.1, 129.4, 126.6, 100.5, 72.0, 71.1, 70.5, 69.2, 69.1, 62.0, 32.0, 29.8, 29.5, 29.4,
26.1, 22.8, 21.9, 14.2. IR (neat) 3371, 2926, 2851, 1721, 1608, 1402, 1272 cm'. MS (FAB) m/z (rel
intensity) 433 (M+Na', 20), 411 (M+H', 3), 154 (100), HRMS (FAB) m/z caled for C,H3,0,Na

(M+Na)'433.2202, found 433.2194.
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Octyl 4-deoxy-f-D-allopyranoside (48): Colorless solid. m.p. 51 °C. [a]p”’ = —39.9 (¢ 0.25, CHCL;). 'H
NMR (400 MHz, CDCl;+D,0) 64.65 (d, J = 8.4 Hz, 1H), 4.23 (q, J = 4.8 Hz, 1H), 4.07-3.97 (m, 1H),
3.91 (dt,J=J=9.6 Hz, 6.8 Hz, 1H), 3.69 (dd, J=11.8 Hz, J = 3.0 Hz, 1H), 3.59-3.47 (m, 2H), 3.39 (dd,
J=28.6 Hz, J = 3.0 Hz, 1H), 1.80 (dt, J = 3.0 Hz, J = 14.0 Hz, 1H), 1.72-1.49 (m, 3H), 1.39-1.21 (m,
10H), 0.88 (t, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl;) 8100.3, 71.6, 71.1, 70.1, 66.9, 65.0, 32.3,
31.8,29.7, 29.4, 29.2, 26.0, 22.6, 14.1. IR (neat) 3357, 2925, 1036 cm'. MS (FAB) m/z (rel intensity)

277 (M+H, 30), 147 (100), HRMS (FAB) m/z caled for C1,HaOs (M+H)™ 277.2015, found 277.2014.

Synthesis of 49

CeHis
HO \/\C6H13 (1.0 eq.)
OAc OAc OH
A —> A
°Qeo OAc A Qo OCH,CH(CgH1g)p, — > HO OCH,CH(CgH13)2
Y DCM, MS 4 T 6113 MeOH NHAc
¢ reflux, overnight C e
67 (2.0 eq.) 68 49

A mixture of 67 (2.2 g, 5.7 mmol, 2.0 equiv.), hexyl octanol * (0.70 g, 3.2 mmol, 1.0 equiv.), MS4A (3.0
g) and FeCl; (1.5 g, 5.7 mmol, 2.0 equiv.) in DCM was sterred at 40°C under Ar atmosphere. After 12 h,
the mixture was cooled at rt and filtrated. The filtrate was concentrated in vacuo. The residue was purified
by SiO, column (AcOEt: Hexane = 1:1) to give 68. Then, 68 was dissolved in MeOH and stirred at rt.
The mixture was added MeONa (0.10 equiv.). After 12 h, The mixture was diluted with AcOEt and
washed with 1M HCI, saturated aq. NaHCO;, and brine, dried over Na,SQOy, filtered and concentrated in

vacuo.to give 49 as colorless oil without more purification (310 mg, 22%).

OH

- (0]
2 6'113)2

Ac

2-Hexyl-1-octyl-f-D-N-acetyl glucosamine (49): Colorless prisms. m.p. 170°C. [a]lp® = —15 (c
0.83,THF). '"H NMR (400 MHz,CD;0D) & 4.31 (d, J = 8.8 Hz, 1H), 3.89-3.75 (m, 2H), 3.70-3.54 (m,
2H), 3.40 (dt, J = 8.4 Hz, 2.0 Hz, 1H), 3.33-3.17 (m, 3H), 1.93 (s, 3H), 1.48 (br, 1H), 1.25 (br, 20H),
0.87 (t,J = 6.8 Hz, 3H), °C NMR (100 MHz, CD;0D) & 173.4, 103.2, 77.9, 76.0, 73.5, 72.1, 62.8, 57.4,

395, 33.1, 32.4, 32.2, 31.0, 30.9, 28.0, 27.8, 23.8, 23.1, 14.5. IR (KBr) 3458, 3366, 2929, 2856, 1669,
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1642, 1539, 1463 cm'. MS (FAB) m/z (rel intensity) 418 (M+H', 30), 204 (100), HRMS (FAB) m/z

caled for CH4sNOg (M+H)" 418.3169, found 418.3168.

o) OH

0%
HO OCH,CH(CgH43)»

NHAc

2-Hexyl-1-octyl (4-O-p-toluoyl) p-p-N-acetyl glucosamine (50): Colorless oil. [a]p™ = —41.6 (¢ 0.50,
CHCl;). "H NMR (400 MHz, CDCl; + D,0) § 7.93 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 7.6 Hz, 1H), 5.09 (t, J
=9.4 Hz, 1H), 4.67 (d, J = 8.0 Hz, 1H), 4.23 (t, /= 10.4 Hz, 1H), 3.85 (dd, /= 9.6 Hz, J = 5.2 Hz, 1H),
3.77 (dd, J = 12.8 Hz, J = 2.0 Hz, 1H), 3.65 (dd, J = 12.6 Hz, J = 4.2 Hz, 1H), 3.60-3.52 (m, 1H), 3.45
(dd, J=10.0 Hz, J = 8.4 Hz, 1H), 3.32 (dd, J = 8.8 Hz, J = 6.4 Hz, 1H), 2.41 (s, 3H), 2.03 (s, 3H), 1.59
(br s, 1H), 1.27 (m, 20H), 0.88 (t, J = 6.6 Hz, 3H)"’C NMR (100 MHz, CDCl;) § 172.2, 167.1, 144.6,
130.2, 129.4, 126.5, 100.5, 74.5, 73.1, 72.5, 72.4, 61.6, 59.3, 38.2, 32.0, 31.5, 31.2, 29.93, 29.88, 27.0,
26.8, 23.7, 22.8, 21.9, 14.3. IR (neat) 3284, 2925, 1722, 1655, 1564, 1274 cm'. MS (FAB) m/z (rel
intensity) 558(M+Na’, 100), 536 (M+H", 5), HRMS (FAB) m/z calcd for C3,HsoNO; (M+H)" 536.3587,

found 536.3588.

OH

0
HO%OCHQCH(CGHH)Z

NHAc

2-Hexyl-1-octyl 4-deoxy-f-D-N-acetyl glucosamine (51): Colorless oil. [o]p™’ = —47.5 (¢ 0.33, CHCls).
'H NMR (400 MHz, CDCl;+ D,0) & 4.28 (d, J = 7.6 Hz, 1H), 3.90-3.75 (m, 2H), 3.74-3.54 (m, 4H),
3.34-3.20 (m, 2H), 2.06 (s, 3H), 1.98 (dd, /= 11.6 Hz, J = 5.2 Hz, 1H), 1.75-1.48 (m, 4H), 1.50 (q, 11.6
Hz, 1H), 1.34-1.10 (m, 20H), 0.88 (t, J = 6.8 Hz, 3H), °C NMR (150 MHz, CDCl;+ D,0) § 172.6, 101.1,
73.0, 72.6, 70.0, 65.0, 60.7, 38.1, 34.6, 31.8, 31.4, 31.2, 29.75, 29.70, 26.8, 26.7, 23.6, 22.7. IR (KBr)
3290, 2925, 2854, 1646, 1552, 1463, 1374 cm . MS (FAB) m/z (rel intensity) 424 (M+Na®, 100), 402

(M+H", 15), HRMS (FAB) m/z calcd for C;H;3NOsNa (M+Na) 424.3039, found 424.3039.
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General procedure for catalytic site-selective acylation of 56 (Table 4-1, 4-2)

56 (1.0 equiv.), 1 (10 mol%) and collidine (1.5 equiv.) were dissolved in CHCl; at 20 °C. After the
mixture was cooled to —20 °C, an acid anhydride (1.1 equiv.) was added to the mixture. After stirred at
the same temperature for the period indicated in Table 1 and 2, the reaction was quenched with MeOH.
The mixture was diluted with AcOEt and washed with 1M HCI, saturated aq. NaHCO3, and brine, dried
over Na,SO,, filtered and concentrated in vacuo. The residue was purified by preparative TLC
(MeOH/CHCIl;= 5/95) to give a mixture of 7-O and 10-O acylated products. The site-selectivity of the
reaction was determined by 'H NMR integration. This mixture was further purified by preparative TLC

(AcOEt/Hexane = 80/20) to give the 10-O acylated product.

Procedure for catalytic site-selective dimeric acylation of 56 (Scheme 4-2)

To a solution of pivaloyl chloride (28 pl, 230 pmol, 2.5 equiv.) was added 1,9-nonaethylenedicarboxylic
acid (64) (10 mg, 46 pmol, 0.5 equiv.) and DIPEA (47 pl, 347 pumol, 3.8 equiv.) in CH,Cl, (1.0 ml)
dropwise at room temperature, and the mixture was stirred at room temperature for 2 h. The resulting
mixture was concentrated in vacuo and dilute with CHCl; (1.0 ml). The resulting mixture was added to a
precooled solution of 56 (50 mg, 92 pmol, 1.0 equiv.), 1 (7.6 mg, 9.2 pmol, 0.1 equiv.) and collidine (37
pg, 280 umol, 3.0 equiv.) in CHCI; (8.0 mL, total 9.0 ml) at —20 °C. (final concentration of 1: 0.01 M)
After stirred at =20 °C for 30 h, the reaction mixture was quenched with methanol (5.0 ml) and stired at
room temperature for 1 h. The mixture was diluted with AcOEt and washed with 1M HCI, saturated aq.
NaHCO;, and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by
preparative TLC (AcOEt/Hexane = 80/20) to give a 10-deacetylbaccatin III dimer 65 (23 mg, 40% yield

as a single isomer).
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10-Isobutyloyl 10-deacetylbaccatin ITI 57b : Colorless oil. [o]p”’ = -89 (¢ 0.64, CHCl;). 'H NMR (400
MHz, CDCl;) ¢ 8.10 (dd, J = 8.4 Hz, J = 0.8 Hz, 2H), 7.61(t, J = 7.2 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H),
6.30 (s, 1H), 5.62 (d, /= 6.8 Hz, 1H), 4.98 (dd, J=9.6 Hz, J=2.4 Hz, 1H), 4.88 (t, /= 7.6 Hz, 1H), 4.47
(dd, J=10.4 Hz, J = 6.8 Hz, 1H), 4.30 (d, /= 8.4 Hz, 1H), 4.14 (d, J= 8.4 Hz 1H), 3.88 (d, /= 7.2 Hz,
1H), 2.73 (heptet, J = 6.8 Hz, 1H), 2.66—2.50 (m, 2H), 2.32-2.26 (m, 5H), 2.20 (br s, 1H), 2.04 (s, 3H),
1.91-1.80 (m, 1H), 1.66 (s, 3H), 1.32 (d, J= 6.8 Hz, 3H), 1.24 (d, J = 7.2 Hz, 3H), 1.10 (s, 6H). °C NMR
(100 MHz, CDCl;) 6 204.2, 177.2, 170.6, 167.0, 146.2, 133.7, 131.9, 130.1, 129.2, 128.6, 84.4, 80.7, 79.1,
76.4, 75.8, 74.9, 72.3, 67.9, 58.6, 46.1, 42.6, 38.5, 35.5, 34.0, 26.9, 22.6, 20.9, 19.2, 18.6, 15.6, 9.4 IR
(neat) 3485, 2976, 2941, 1715, 1452 cm™. MS (FAB) m/z (rel intensity) 615 (M+H", 2), 252 (60), 73
(100). HRMS (FAB) m/z calcd for C33Hy30,, (M+H)" 615.2805 , found 615.2800.

AcO 0 OH

HO™"
OH OBz QAc
Baccatin III (57a): Colorless amorphous. [o]p™ = —77 (¢ 0.36, CHCls). '"H NMR (400 MHz, CDCl;) &
8.10 (dd, J= 8.8 Hz, J= 1.6 Hz, 2H), 7.61 (t, J= 7.6 Hz, 1H), 7.48 (t,J = 7.6 Hz, 2H), 6.32 (s, 1H), 5.62
(d,J=17.6 Hz, 1H), 4.98 (dd, J=9.6 Hz, J= 2.0 Hz, 1H), 4.90 (t, /= 7.4 Hz, 1H), 4.47 (dd, J=11.2 Hz,
J=6.8 Hz, 1H), 4.31 (d, J= 8.0 Hz, 1H), 4.15 (d, J= 8.0 Hz 1H), 3.88 (d, /= 6.8 Hz, 1H), 2.61-2.51 (m,
1H), 2.30-2.27 (m, 5H), 2.24 (s, 3H), 2.05 (s, 3H), 1.91-1.81 (m, 1H), 1.67 (s, 3H), 1.10 (s, 6H). °C
NMR (100 MHz, CDCl3) & 204.2, 171.4, 170.6, 167.0, 146.4, 133.7, 131.8, 130.1, 129.2, 128.6, 84.4,
80.7, 79.1, 76.4, 76.2, 74.8, 72.3, 67.9, 58.7, 46.1, 42.7, 38.5, 35.6, 26.9, 22.6, 20.9, 15.6, 9.4 IR (neat)
3515,2943, 1716, 1241, 1071, 756 cm™'. MS (FAB) m/z (rel intensity) 609 (M+Na", 10), 587 (M+H", 2),
154 (100), HRMS (FAB) m/z calcd for C3;H330,;Na (M+Na)' 609.2312 , found 609.2315.
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10-O-Lauryl-10-deacetylbaccatin III: Colorless amorphous. [a]p™ = —54 (¢ 0.75, CHCl;). '"H NMR
(400 MHz, CDCl;) 6 8.10 (dd, J = 7.2 Hz, J = 1.6 Hz, 2H), 7.61 (t, J= 7.4 Hz, 1H), 7.48 (t, /= 7.8 Hz,
2H), 6.31 (s, 1H), 5.62 (d, J = 6.8 Hz, 1H), 4.98 (d, J = 7.6 Hz, 1H), 4.89 (br t, IH), 4.50-4.44 (m, 1H),
4.31 (d,J=8.4 Hz, 1H), 4.15 (d, /= 8.4 Hz, 1H), 3.88 (d, /= 6.8 Hz, 1H), 2.62-2.40 (m, 4H), 2.34-2.22
(m, SH) 2.14 (br d, 1H), 2.04 (s, 3H) 1.91-1.81 (m, 1H), 1.71 (quint, J= 7.0 Hz, 2H), 1.66 (s, 3H), 1.44—
1.18 (br, 16H), 1.10 (s, 6H), 0.88 (t, J= 7.0 Hz, 3H). °C NMR (100 MHz, CDCl3) § 204.2, 174.1, 170.6,
167.0, 146.2, 133.7, 131.9, 130.1, 129.3, 128.6, 84.5, 80.8, 79.1, 76.4, 75.9, 74.9, 72.3, 68.0, 58.7, 46.1,
427, 38.5, 35.5, 34.2, 31.9, 29.6, 29.5, 29.3, 29.2, 29.1, 27.0, 24.8, 22.7, 22.6, 20.9, 15.6, 14.1, 9.4. IR
(neat) 3505, 2925, 1715, 1240 cm'. MS (FAB) m/z (rel intensity) 749 (M+Na", 60), 727 (M+H", 3), 176

(100), HRMS (FAB) m/z calcd for C4;HssO,Na (M+Na)' 749.3877, found 749.3878.

PhCOO 0] OH

HO™"
OH OBz QAc

10-0-Benzoyl-10-deacetylbaccatin IIL: Colorless powder. m.p. 179-181 °C. [a]p™’ = —63 (¢ 1.3, THF).
'H NMR (400 MHz, CDCl3) § 8.13-8.07 (m, 4H), 7.62 (t, J = 7.0 Hz, 2H), 7.49 (t, J = 7.8 Hz, 2H), 7.48
(t, J = 7.8 Hz, 2H), 6.59 (s, 1H), 5.67 (d, J = 7.2 Hz, 1H), 5.01 (d, J = 8.0 Hz, 1H), 4.93 (t, /= 7.8 Hz,
1H), 4.60-4.52 (m, 1H), 4.33 (d, /= 8.4 Hz, 1H), 4.17 (d, /= 8.4 Hz, 1H), 3.96 (d, /= 6.8 Hz, 1H), 2.71—
2.55 (m, 2H), 2.39-2.26 (m, 5H), 2.16 (br s, 1H), 2.11 (s, 3H), 1.95-1.84 (m, 1H), 1.693 (s, 3H), 1.690
(br s, 1H), 1.23 (s, 3H) 1.19 (s, 3H). >C NMR (100 MHz, CDCl;) 8 204.0, 170.7, 167.1, 166.4, 146.6,
133.7, 133.6, 131.8, 130.1, 130.0, 129.25, 129.17, 128.6, 128.5, 84.5, 80.8, 79.1, 76.6, 76.4, 74.9, 72.4,
68.0, 58.7,46.2,42.7, 38.5, 35.7,27.2,22.6,21.2, 15.7,9.4. IR (neat) 3483, 2942, 1717, 1451, 1270 cm™".
MS (FAB) m/z (rel intensity) 671 (M+Na', 2), 154 (100), HRMS (FAB) m/z caled for C3gH40;Na
(M+Na)" 671.2468, found 671.2462.
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10-0-Cinnamoyl-10-deacetylbaccatin III: Colorless microcrystals. m.p. 152-157 °C. [a]p™ = 79 (¢
0.70, CHCls). "H NMR (400 MHz, CDCl3) & 8.11 (dd, J = 7.2 Hz, J = 1.2 Hz, 2H), 7.78 (d, J = 16.4 Hz,
1H), 7.65=7.53 (m, 3H), 7.49 (t, J = 7.8 Hz, 2H), 7.44-7.37 (m, 3H), 6.59 (d, J = 15.6 Hz, 1H), 6.47 (s,
1H), 5.65 (d, J=7.2 Hz, 1H), 5.01 (d, J= 7.6 Hz, 1H), 4.92 (br t, I1H), 4.56-4.50 (m, 1H), 4.32 (d, /= 8.4
Hz, 1H), 4.17 (d, J = 8.0 Hz, 1H), 3.92 (d, J = 7.2 Hz, 1H), 2.73 (d, J= 4.0 Hz, 1H), 2.65-2.53 (m, 1H),
2.34-2.25 (m, 5H), 2.18 (br d, 1H), 2.09 (s, 3H) 1.94-1.83 (m, 1H), 1.69 (s, 3H), 1.67 (s, 1H), 1.17 (s,
3H), 1.16 (s, 3H). °C NMR (100 MHz, CDCl;) & 204.2, 170.7, 167.1, 166.9, 146.7, 146.6, 134.1, 133.7,
131.9, 130.7, 130.1, 129.3, 128.9, 128.6, 128.3, 116.9, 84.5, 80.8, 79.1, 76.4, 76.2, 74.9, 72.4, 68.0, 58.7,
46.1,42.7,38.5,35.6,27.1,22.6,21.1, 15.7,9.4. IR (neat) 3523, 2942, 1715, 1633, 1452 cm™'. MS (FAB)
m/z (rel intensity) 697 (M+Na', 2), 676 (M+H, 1), 154 (100), HRMS (FAB) m/z caled for C33H,4,0;Na

(M+Na)" 697.2625, found 697.2632.

HO™
OH OBz Qac

10-0-2-Thiophenyl-10-deacetylbaccatin III: Colorless microcrystals. m.p. 175-179 °C. [a]p™ = —60 (¢
0.55, THF). '"H NMR (400 MHz, CDCl3) & 8.11 (dd, J = 7.6 Hz, 1.2 Hz, 2H), 7.89 (dd, J = 7.6 Hz, 1.2 Hz,
1H), 7.65-7.57 (m, 2H), 7.49 (t, J = 7.8 Hz, 2H), 7.15 (dd, J = 5.0 Hz, 3.8 Hz, 1H), 6.53 (s, 1H), 5.66 (d,
J=6.8 Hz, 1H), 5.00 (d, J = 8.0 Hz, 1H), 4.92 (br t, 1H), 4.55-4.48 (m, 1H), 4.32 (d, J = 8.4 Hz, 1H),
4.16 (d,J=8.4 Hz, 1H), 3.94 (d, /= 6.8 Hz, 1H), 2.67-2.54 (m, 1H), 2.50 (d, /= 4.4 Hz 1H), 2.39-2.25
(m, 5H), 2.20-2.08 (m, 4H), 1.93-1.82 (m, 1H), 1.69 (s, 3H), 1.66 (s, 1H), 1.20 (s, 3H) 1.17 (s, 3H). °C
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NMR (100 MHz, CDCl3) 6 203.9, 170.7, 167.1, 161.9, 146.5, 134.5, 133.7, 133.4, 132.5, 131.6, 130.1,
129.2, 128.6, 128.0, 84.4, 80.8, 79.1, 76.5, 76.4, 74.8, 72.3, 68.0, 58.7, 46.2, 42.7, 38.5, 35.7, 27.0, 22.6,
21.0, 15.7, 9.4 IR (neat) 3477, 2937, 1715, 1259 cm '. MS (FAB) m/z (rel intensity) 677 (M+Na", 5), 154

(100), HRMS (FAB) m/z calcd for C34H3301;SNa (M+Na)* 677.2033, found 677.2032.

OH OBz Hac

10-0-3-Furyl-10-deacetylbaccatin III: Colorless microcrystals. m.p. 155-160 °C. [a]p™ = —83 (c 0.75,
THF). '"H NMR (400 MHz, CDCl;) & 8.14-8.08 (m, 3H), 7.62 (t, J = 7.6 Hz, 1H), 7.52-7.46 (m, 3H),
6.78 (d, /= 1.2 Hz, 1H), 6.51 (s, 1H), 5.65 (d, /= 7.2 Hz, 1H), 5.00 (d, J = 8.0 Hz, 1H), 4.92 (br q, 1H),
4.57-4.47 (m, 1H), 432 (d, J= 8.4 Hz, 1H), 4.16 (d, J = 8.4 Hz, 1H), 3.93 (d, /= 6.8 Hz, 1H), 2.65-2.52
(m, 2H), 2.36-2.26 (m, 5H), 2.11 (br s, 1H), 2.10 (s, 3H), 1.94-1.82 (m, 1H), 1.69 (s, 3H), 1.65 (s, 1H),
1.17 (s, 3H) 1.15 (s, 3H). °C NMR (100 MHz, CDCl5) § 204.0, 170.7, 167.1, 162.8, 148.5, 146.5, 144.0,
133.7, 131.7, 130.1, 129.2, 128.6, 118.5, 109.9, 84.4, 80.8, 79.1, 76.4, 76.1, 74.8, 72.3, 68.0, 58.7, 46.2,
42.7,38.5,35.7, 27.1, 22.6, 21.1, 15.7, 9.4. IR (neat) 3505, 2943, 1714, 1272 cm'. MS (FAB) m/z (rel
intensity) 661 (M+Na', 10), 639 (M+H", 1) 154 (100), HRMS (FAB) m/z caled for Cs;H330;,Na

(M+Na)' 661.2261, found 661.2264.

HO 0 OCOCCl,

HO™

OH OBz Hac

7-O-Trichloroacetyl-10-deacetylbaccatin III : Colorless needles. m.p. 218 °C (dec.). [o]p" = —27 (c
0.50, CHCl;). '"H NMR (400 MHz, CDCl3) & 8.10 (dd, J = 8.4 Hz, J = 2.4 Hz, 2H), 7.62 (t, J = 7.2 Hz,
1H), 7.49 (t, J= 7.6 Hz, 2H), 5.65 (d, J = 6.8 Hz, 1H), 5.56 (dd, J=10.4 Hz, J = 7.2 Hz, 1H), 5.32 (s, 1H),

61



4.99 (d, J= 8.4 Hz, 1H), 4.88 (t, J= 7.6 Hz, 1H), 4.35 (d, /= 8.8 Hz, 1H), 4.19 (d, /= 8.0 Hz, 1H), 4.10
(d, J= 6.8 Hz, 1H), 3.99 (br s, 1H), 2.78-2.65 (m, 1H), 2.34-2.23 (m, 5H) 2.12 (s, 3H), 2.10-2.00 (m,
2H), 1.92 (s, 3H), 1.08 (s, 3H), 1.07 (s, 3H). °C NMR (100 MHz, CDCl;) & 209.9, 170.9, 166.9, 161.0,
142.8, 134.3, 133.8, 130.1, 129.1, 128.7, 83.3, 80.1, 78.7, 77.9, 76.4, 74.9, 74.3, 67.8, 56.1, 46.7, 42.5,
38.5, 32.5, 26.6, 22.5, 19.4, 15.0, 10.8, IR (neat) 3466, 2949, 1767, 1715, 1452, 1244 cm™'. MS (FAB)
m/z (rel intensity) 689 (M+H", 2), 185 (60), 105 (100), HRMS (FAB) m/z calcd for C3H340,,Cl; (M+H)"

689.1323, found 689.1310.

10-Deacetylbaccatin III dimer 65: Colorless amorphous. [a]p™” = —75 (¢ 1.0, THF). '"H NMR (400 MHz,
CDCly) 6 8.06 (dd, J= 8.4 Hz, J= 1.2 Hz, 4H), 7.58 (t, J = 7.6 Hz, 2H), 7.45 (t, J = 7.8 Hz, 4H), 6.31 (s,
2H), 5.60 (d, J= 7.2 Hz, 2H), 4.98 (d, /= 7.6 Hz, 2H), 4.88 (t, /= 7.8 Hz, 2H), 4.47 (dd, J=10.4 Hz, J =
6.8 Hz, 2H), 4.29 (d, J = 7.2 Hz, 2H), 4.14 (d, J = 8.4 Hz, 2H), 3.87 (d, J = 7.2 Hz, 2H), 2.68 (br s, 2H),
2.59-2.41 (m, 6H), 2.32-2.26 (m, 10H) 2.04 (s, 6H), 1.90-1.76 (m, 4H), 1.71 (quint, J= 7.2 Hz, 4H),
1.65 (s, 6H), 1.45-1.30 (m, 10H), 1.12 (s, 6H), 1.10 (s, 6H) °C NMR (100 MHz, CDCl;) & 204.2, 174.1,
170.6, 167.0, 146.5, 133.6, 131.8, 130.1, 129.3, 128.6, 84.4, 80.7, 79.0, 76.4, 76.0, 74.9, 72.3, 67.8, 58.6,
46.1,42.6, 38.7, 35.5, 34.2, 29.0, 28.8, 27.0, 24.8, 22.6, 21.0, 15.6, 9.4. IR (neat) 3503, 2932, 1716, 1242,
1070 cm'. MS (FAB) m/z (rel intensity) 1292 (M+Na', 2), 154 (100), HRMS (FAB) m/z calcd for

CgoHggO,Na (M+Na)" 1291.5665, found 1291.5660.
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